Transnet Freight Rail ERAC NS0251 8838CIDR
A Division of Transnet SOC Limited AC primary circuit breaker control panel for various substations,

Depot engineer, Koedoespoort
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Contract Data

The Employer is

Name Transnet SOC Limited, Trading as Transnet Freight Rail
Address C/o Paul Kruger & Minnaar streets, Nzasm Building, Pretoria
Telephone (012) 315 2137/2 Fax No. (012) 315 2138

E-mail Nico.swart3@transnet.net

The works is:  The design, supply, install, test and corimission of
AC primary circuit breaker control panel at Tussenin, Paul and
Arthursview 25kV AC traction substations unger the control of the
Depot Engineer, Koedoespoort

The site is Tussenin, Paul and Arthursview 25kV AG traction substations
The starting date is tobeadvised............. 0 WL

The completion date is to be advised.... gm W ...

The reply period is two weeks

The defects date is fitty twg@ weeksafter completion

The defect correction period js within 1 (one) week after defects date

The delay damages are R4,000.00 per day

The assessment day isithe 13" (thirteenth) of each month

The retentiepn s 10% on the total value of the contract

Doegrthe Wnited Kingdom Housing Grants, Construction and No

Régenération Act (1996) applies?

The Adjudicator is

Name: To be advised if dISPULES @riSE.........ceuiieeeiiireriiriiiie et e e e e e e s e rre s e
F X e | =20 RO
Telephone:.................... FaX NO. o e e e e
1T T U
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Contract Data

The interest rate on late payment is 2% per complete week of delay.

The Contractor is not liable to the Employer for loss of or damage to the Employer’s property in

excess of R2m (two million) for any one event.

The Employer provides this Insurance: Transnet Principal Control Insurance

The minimum amount of cover for the third insurance stated in the Insurance Table is
> R25,000.00 (Limited to R10, 000, 000.00. for any one event)

The minimum amount of cover for the fourth insurance stated in the I&trante Table is:
Notapplicable ...

The adjudicator nominating body is: The Chairman of the Association of Arbitrators
(Southern Africa)

The tribunal is: Arbitration ...................__ .0 ... . 1.

If the tribunal is arbitration, the arbitrationiprocédure is: The rules for the Conduct of

Arbitrators of the Association af'Arhitrators (Southern Africa) ...................................

The conditions of contracfargthe NEC3 Engineering and Construction Short Contract (June
2005) and the following additiopél conditions:

As mentionedgdh paragraph 1.0 (Contractual obligations)

1.0
1.1

1.2

1.3

CONTRACTUAL OBLIGATIONS

Thisfproject specification covers Transnet freight rail's requirements for the design, supply,
ipstally test and commission of AC primary circuit breaker control panel at Tussenin, Paul
and Arthursview 25kV AC traction substations under the control of the Depot Engineer,
Koedoespoort The Contractor shall not make use of any sub-Contractor to perform the
works or parts thereof without prior permission from the Employer.

The Contractor shall ensure that a safety representative is at site at all times. All safety
measures prescribed by Transnet Freight Rail — Electrical Safety Instructions and the
“Occupational Health and Safety Act 1993 (Act 85 of 1993)" associated with working on a
project of this nature shalf be adhered to.

The Contractor shall comply with all applicable legisiation and Transnet safety
requirements adopted from time fo time and instructed by the Employer / Employer’s
Deputy. Such compliance shall be entirely at his own cost, and shall be deemed to have
been allowed for in the rates and prices in the contract.
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1.4

1.4.1

1.4.2
1.4.3

1.4.4

1.4.5

1.5

1.6

1.7

1.8
1.9
1.10

1.12

necs

The Contractor shall, in particular, comply with the following Acts and Transnet
Specifications:-

The Compensation for Occupational Injuries and Diseases Act, No. 130 of 1993. The
Contractor shall produce proof of his registration and good standing with the
Compensation Commissioner in terms of the Act.

The Occupational Health and Safety Act (Act 85 of 1993).

The explosive Act No. 26 of 1956 (as amended). The Contractor shall, when applicable,
furnish the Employer / Employer’s Deputy with copies of the permits authorising him or his
employees, to establish an explosives magazine on or near the site and to undertake
blasting operations in compliance with the Act.

The Contractor shall comply with the current Transnet Specification E.4F, Safety
Arrangements and Procedural Compliance with the Occupational Health and Safety Act,
Act 85 of 1993 and Regulations and shall before commencement with the ex@&cution of the
contract, which shall include site establishment and delivery of plant, &quipment or
materials, submit to the Employer / Employer's Deputy.

The Contractor shall comply with the current Specification for Workg @Qn _©ver, Under or
Adjacent to Railway Lines and near High Voltage Equipment =\BBEN8210, if applicable,
and shall take particular care of the safety of his employee$ ol Okin close proximity to a
railway line during track occupations as well as under normal operational conditions.

The Contractor's Health and Safety Programme_shall be subject to agreement by the
Employer / Employer's Deputy, who may, inecofiSultation with the Contractor, order
supplementary andfor additional safety ar@ng@ments and/or different safe working
methods to ensure full compliance by the Sentréctor with his obligations as an employer in
terms of the Act.

In addition to compliance with clauge 1.4 her€of, the Contractor shall report all incidents in
writing to the Employer / Empioyer's Deputy. Any incident resulting in the death of or injury
to any person on the works shall be Teported within 24 hours of its occurrence and any
other incident shall be reportedhwithin 48 hours of its occurrence.

The Contractor shalkimake hecessary arrangements for sanitation, water and electricity at
these refevant sites dufingthe installation of the equipments.

A penalty charge of R4,000 per day will be levied for late completion of the project.
No reteption,mofey will be retained.

ThesCentracter shall supply a site diary (with triplicate pages). This book shall be used to
recopd-any Unusual events during the period of the work. Any delays to the work shall also
bé recorded such as defays caused by poor weather conditions, delays caused by permits
being canceiled etc. The appointed Employer or Employer's Deputy must countersign
such delays. Other delays such as non-availability of equipment from 3 party suppliers
must be communicated to the Employer or Employer’s Deputy in writing.

The Contractor shall supply a site instruction book (with triplicate pages). This book shall
be used to record any instructions to the Contractor regarding problems encountered on
site - for example the quality of work or the placement of equipment. This book shall be
filled in by the Employer or Employer's Deputy and must be countersigned by the
Contractor.

Both books mentioned in 1.10 and 1.11 shall be the property of Transnet Freight Rail and
shall be handed over to the Employer or Employer's Deputy on the day of energising or
handing over.
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1.13

1.14
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All processes or the manufacture and assembly of the product components must be
subjected to a quality assurance system.

The Contractor will assume full responsibility for assuring that the products purchased
meet the requirements of Transnet Freight Rail for function, performance, and reliability,
including purchased products from 3™ part suppliers/Manufacturers.

The Contractor shall prove to Transnet Freight Rail that his equipment or those supplied
from 3" party suppliers/manufacturers confirms to Transnet freight rail specifications.

The Contractor will remain liable for contractual delivery dates irrespective of deficiencies
discovered during workshop inspections.

The Contractor will only receive payment after he has been called by a Transnet
technician to commission certain equipment or the complete substation.

The Contractor must submit a site diary and test sheets with the invoice as pregf that the
work has been done.

The Contractor must wear correct PPE at all times while doing tests in the substations
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Contract Data

The Contractor is:

Name e I bee e ere et e r et re s rannes
Address e e N s i bir e re e e naen e ——————
Telephone et Fax No. ...covveiiecneeeen s O,
E-mail et a e SRS W, R
The percentage for overheads and profit added to the Defined Cost for people, iSy....oroo o voiceerre .. %.
The percentage for overheads and profit added to other Defined Costis. \...... 0 oo %.

The Contractor offers to Provide the Works in accordance with thewgtnditions of contract for an amount

to be determined in accordance with the conditions of contréct.

The offered total of the Prices is (VAT @14% inclusive)(Inwerds).........................cccooi ..

Amountinfigures: R......... @ o 0, (VAT @14% inclusive)
Signed on behalf of the Contragton

Name

POSItiON M

Signaturen, ... Date

The Employer accepts the Contractor's Offer to Provide the Works

Signed on behalf of the Employer

B
Position

Signature......................oieiee L Date

......................................................
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A Division of Transnet SOC Limited AC primary circuit breaker control pane for various subsiations,
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Part C2.1: Pricing Data
Price Instructions

2.0 PRICING INSTRUCTIONS

1. The agreement is based on the NEC Engineering and Construction Short Contract 3. The
contract specific variables are as stated in the contract data. Only the headings and clause
numbers for which allowance must be made in the Price list are recited.

2. Preliminary and General Requirements are based on part 1 of SANS 1921, ‘Construction and
Management Requirements for Works Contracts’. The additions, deletions and aftérations to
SANS 1921 as well as the contract specific variables are as stated in the contract data. Only the
headings and clause numbers for which allowance must be made in the Price list arevecited.

3. It will be assumed that prices included in the Price list are based 8p Wctse Ordinances,
Regulations, By-laws, International Standards and National Standard&that\wéfe published 28
days before the closing date for tenders.

4, Reference to any particular trademark, name, patent, design, typ8, spegific origin or producer is
purely to establish a standard for requirements. Products of article§”of an equivalent standard
may be substituted. ‘

5. The Price list is not intended for the ordering of mat&jals. Any ordering of materials, based only
on the Price list, is at the Contractor’s risk.

6. The amount of the Preliminaries to be ingluded in £ach monthly payment certificate shall be
assessed as an amount prorated to the value of the work duly executed in the same ratio as the
preliminaries bears to the total of prices“excliding any contingency sum, the amount of the
Preliminaries and any amount ip, respect of contract price adjustment provided for in the
contract.

7. The amount or items of th& Preliminaries shall be adjusted to take account of the theoretical
financial effect which ch@pges indime or value (or both) have on this section. Such adjustments
shall be based on adjustments¥in the following categories as recorded in the Price list;

a) An amauint whiehijs not to be varied, namely Fixed (F).

b} An amoupt which is to be varied in proportion to the contract value, namely Value
Related (V).

c) Amamotnt which is to be varied in proportion to the contract period as compared to the

initigh, construction period, excluding revisions to the construction period for which no
adjustment the Contractor is entitled to in terms of the contract, namely Time Related

(T).
8.  The following abbreviations are used in the Price list:
Hr = Hour
Ea = Each
Quant = Quantity
9 The prices and rates in these Price list are fully inclusive prices for the work described under the

items. Such prices and rates cover all costs and expenses that may be required in and for the
execution of the work described in accordance with the provisions of the scope of work and
shall cover liabilities and obligations set forth or implied in the Contract data, as well as profit.
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10

L

12

13

14

15

16

17

18
19

nec?3

Where the scope of work requires detafled drawings and designs or other information to be
provided, all costs associated therewith are deemed to have been provided for and included in
the unit rates and sum amount tendered for such items.

Where no quantity has been provided against an item in the Price list, the Contractor shall use
their discretion and provide the quantity.

The quantities set out in these Price list are approximate and do not necessarily represent the
actual amount of work to be done. The quantities of work accepted and certified for payment will
be used for determining payments due and not the quantities given in these Price list,

The short descriptions of the items of payment given in these Price list are only for purposes of
identifying the items. More details regarding the extent of the work entailed under each item
appear in the Scope of Work.

Contractor shall ensure that provision {financial as well as time) for excavations in a range of
soil types is made for in their tenders.

For each item in the Price list, including Preliminaries, the Contractor shafl*pravide in the
appropriate column the portion of the tendered sum (inclusive of labour andymaterial)Which has
been sourced locally (Republic of South Africa).

The Contractor shall also arrange forward cover within two weeks«after contract award on all
imported items.

The Contractor shali provide information related to imported conteht, i.e. equipment to be
imported, value and applicable exchange rates. Thiseinformation shall be provided as an
Annexure to the Price list.

The total in the Price list shall be exclusive of VAT
Transnet Freight Rail payment terms: 30 days ftom menth end statement.
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Contract Data
Price List

A Tussenin 25 kV AC Substation

Supply low SF6 gas indication in control

circuitry ca 1

Supply AC Primary Circuit Breaker control
2 panel. This panel should cater for battery ea 1
under-voltage relay

Supply all Control and Protection Cables
3 from the Primary Circuit Breaker to the sum 1
' Panel and AC disconnects

Rewire the protection interlock in panet for
4 phase failure and low SF6 gas with sum 1
distribution switchgear

5 Installation, Testing and Pre-commissioning | sum 1

6 Catalogues, Manuals and Drawings sum 1

P’s and G’s {l.abour, Site establishment,
7 transport, civil works, soil testing and sm 1
preparations, etc)

—

8 Cable laying sUm

A Total Price for Tussenin =

VAT (14 % of A ) =

v 3 s B ey

c Gross Total (A + B) =
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Contract Data
Price List

B Paul 25 kV AC Substation

Supply low SF6 gas indication in control

circuitry ea 1

Supply AC Primary Circuit Breaker contro!
2 panel. This panel should cater for battery ea 1
under-voltage relay

Supply all Control and Protection Cables
3 from the Primary Circuit Breaker to the sum 1
Panel and AC disconnects

Rewire the protection interlock in panel for
4 phase failure and low SF6 gas with sum 1
distribution switchgear

5 installation, Testing and Pre-commissioning | sum 1

6 Catalogues, Manuals and Drawings sSum 1

P’s and G’s {Labour, Site establishment,
7 transport, civil works, soil testing and sum 1
preparations, etc)

8 Cable laying sum 1
A Jotal Price for Paul = | R
VAT(14% of A})=| R

c Gross Total (A +B)=; R
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Contract Data
Price List

A Arthursview 25 kV AC Substation

Supply low SF6 gas indication in control
1 circuitry ea 1

Supply AC Primary Circuit Breaker control
panel. This panel should cater for battery

under-voltage refay ea 1

Supply all Control and Protection Cables
3 from the Primary Circuit Breaker to the | gym 1
Panel and AC disconnects

Rewire the protection interlock in panel for
4 phase failure and low S8F6 gas with| gy 1
distribution switchgear

Installation, Testing and Pre-commissioning sum 1

Catalogues, Manuals and Drawings
Sk 1

P's and G's (Labour, Site establishment,
7 transport, civit works, soil testing anthwg m 1
preparations, etc)

Cable laying sum 1

Total\Price for Arthursview

VAT (14 % of A )

Ol Wl > | o

Gross Total ( A + B)
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Depot engineer, Koedoespoort
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Contract Data

2.0
2.1
2.2
2.3
2.4

2.5

2.6

27

2.8

2.9

2.10

2.1

2.12

2.13

2.14

DESCRIPTION OF WORK.

The Contractor shall electrically connect the newly installed equipment to the existing
earthing system.

The Contractor shall test, commission and hand over the equipment.

All fasteners (nuts & bolts) shall be secured using flat or bevelled washers, a§ necessary,
as well as lock washers.

All cables shall terminate in compression type glands. These glands shall b&fitted with
neoprene shrouds.

The Contractor shall remove all the existing PCB control cahles_Detweén the primary
circuit breaker mechanism box and the 132 or 88kV switch roem,

The Contractor shall supply and install new control gableS\between the primary circuit
breaker and the control panel in the 132 or 88kV _switch room. The Contractor shall be
responsible to connect and interconnect all new and existing functions in the control panel.

A new control cable shall be installed between tie control panel and the AC disconnects
and the fleeting contact be connected to it.

The Contractor shall connect the fleeting contact to the control of the primary circuit
breaker to trip the PCB before the cOnteCts of the 132 or 88kV AC disconnects are fully
open.

The following types qffCables shall be used: -
. Control cablefor PCB NO4 — 4mm?.

The cabigs ghall be fixed to the cable trays using UV stabilised cable ties. Cabling and
wiringsshalllbe it accordance with CEE.0023.90 and SANS 10142-1.

When\doing any cabling, the ballast stone shall be removed, trenching and laying of
cabies done, the soil compacted back and the ballast washed and placed back neatly.

No joining of cables will be accepted. The Contractor shall provide cables that are fong
enough for the application (earthing, control etc.). No junction boxes, underground, shalll
be used.

All the control cables shall be housed in a 110mm diameter PVC pipe between the PCB
and the cement cable ducting.

The Contractor shall make use of the concrete cable trench to route the cables to the 132
or 88KV switch room. And these cables must be installed in this order: they shall follow the
existing cable duct, a bed of river sand should be laid, followed by the cables, ontop of
the cables put another river sand, and finally put the re-enforcement concrete.
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2.15

2.16

2.17

2.18

2.19

2.20

2.21

3.0

3.1

3.2

4.0

4.1
4.2

4.3

4.4

4.5

4.6

necs

Contractor shall use plastic covers to separate the soil from the stone when digging the
trenches.

On backfilling of the soil after trenching has been done the Contractor shall compact the
soil to the same pressure as the surrounding soil before it is covered with stone.

The Contractor's team/s could be requested to attend the Transnet freight rail's electrical
safety training course and be authorised to supervise the Contractor's staff whilst working
in the substations on this confract. Transnet freight raif will organise the course and further
details will be communicated to the successful Contractor.

The Contractor shail provide his own electrical power whilst working in the substation
outdoor yard, since availability of power from Eskom or auxiliary supplies cannot be
guaranteed.

Schematic wiring diagrams of the PCB control shall be forwarded to the Employer before
the installation of the primary circuit breaker for approval.

On completion of the installation, it will be required from the Contgactér te/Submit as built
drawings and schematic diagrams of all newly installed equipmeént as’ well as showing
interface to the existing equipment.

The contractor shall perform on site, trip, close and |speed tests of the PCB after the
installation.

INSTALLATION
The Contractor shall be responsibleffor the transport to site, off-loading, handling, storage
and security of all material required for the construction/execution of the works.

Contractor shall supply multifegre, cable and connect the tele-control. The substation shall
not be switched on unlegsthe\tel@scontrol is fully operational.

DRAWINGS, INSTRUCTION MANUALS AND SPARE PART CATALOGUES

All as built’drawings shall be supplied in electronic format (Microstation/Acad).

The sugcessful Contractor shall be required to submit all drawings (paper prints), within
fouR\weeks "of award of tender, to the Employer for approval. No construction or
manufgcturing activity will be allowed prior to the associated drawings having been
approved.

During the duration of the contract period, the successful Contractor will be required to
inform the Employer of any changes to these drawings and will have to resubmit the
affected drawings for approval prior to it being used on this contract.

All drawings, catalogues, instruction book and spares lists shall be in accordance with
Transnet Freight Rail's specification CEE.0224.2002.

All final as built drawings shall be provided to Transnet Freight Rail within four weeks after
commissioning.

Supply three sets of A3 schematic wiring diagrams in hard copy format and electronic
format for approval.
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5.0

5.1

52

53

54
2.5

56

necs

The equipment shall be inspected/tested and approved by Transnet Freight Rail Quality
Assurance at the Contractor's workshop prior to it being taken to site. Only once the
approval has been granted can the equipment be taken to site for installation.

The Contractor shall be responsible for carrying out of on-site tests and commissioning of
all equipment supplied and installed in terms of this specification and the contractual
agreement.

Functional on-site tests shall be conducted on all items of equipment and circuitry to prove
the proper functioning and installation thereof.

The Contractor shall submit a detailed list of on-site tests for the approval of the Employer.

The Contractor shall arrange for the Employer or his representative to be present to
witness the on-site tests.

The on-site tests shall include the following:

Test for the functionality of all electrical circuitry.

Trip tests on relays.

Test on equipment as per manufacturer’s instructions.
Insulation tests.

5.7

58

5.9

6.0

6.1

6.2

6.3

6.4

6.5

7.0

71

At the completion of the on-site tests, the Employer onfhis répredentative shall either sign
the tests sheets (supplied by the Contractor) as Raving witnessed the satisfactory
completion thereof, or hand to the Contractor a list%ef defects requiring rectification.

Upon rectification of defects, the Contrastor\ghall arrange for the Employer or his
representative to certify satisfactory completion'ef en-site tests.

Acceptance by the Employer of satigfactorjmeempletion of on-site tests in no way relieves
the Contractor of his obligation to ‘fectify defects which may have been overlooked or
become evident at a later stage.

COMMISSIONING OFEQUIRMENT

Commissioning Wil aplihtake place after all defects have been rectified to the satisfaction
of the Employer.

On comgletion of "Commissioning, the Contractor will hand the equipment over to the
Empleyer 1 tepns of the relevant instruction.

JheN\ebmmissioning of protection equipment by Transnet Freight Rail will in no way
absolve the Contractor from any of his responsibilities during the guarantee period.

INs the Contractor's responsibility to satisfy himself or herself that the commissioning of
the protection equipment has been carried out in a satisfactory manner, and in no way
compromises the proper operation of the equipment supplied in terms of the contract.

The Contractor shall be present during the testing and setting of the protection to rectify
any faults found.

GUARANTEE AND DEFECTS
The Contractor shall guarantee the satisfactory operation of the complete electrical

installation supplied and erected by him and accept liability for maker's defects that may
appear in design, materials and workmanship.
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7.2

7.3

7.4

7.5

7.6

7.7

7.8

8.0

8.1

8.2

8.3

8.4

The Contractor shall be issued with a completion certificate with the list of all defects to be
repaired within 14 working days after commissioning.

The guarantee period for these standby plants shall expire after: A period of 12 months
commencing on the date of completion of the contract or the date the standby plant was
handed over to Transnet Freight Rail.

Any defects that may become apparent during the guarantee period shall be rectified to
the satisfaction of Transnet Freight Rail, and to the account of the Contractor.

The Contractor shall undertake work on the rectification of any defects that may arise
during the guarantee period within 7-days of him being notified by Transnet Freight Rait of
such defects.

Should the Contractor fail to comply with the requirements stipulated above, Transnet
Freight Rail shall be entitled to undertake the necessary repair work or effect replacement
of defective apparatus or materiais, and the Contractor shall reimburse Trangnet Freight
Rail the total cost of such repair or replacements, including the labour cests incurred in
replacing defective material.

Any specific type of fault occurring three times within the guarantee eeriod and which
cannot be proven to be due to other faulty equipment not formindWpaet.of this contract e.g.,
fauity locomotive or overhead track equipment, etc., shall gtomatically be deemed an
inherent defect. Such inherent defect shall be fully rectified to the satisfaction of the
Employer and at the cost of the Contractor.

If urgent repairs have to be carried out by Trangnet™Rreight Rail staff to maintain supply
during the guarantee period, the Contractor sig@ll iispect such repairs to ensure that the
guarantee period is not affected and shouldstheye covered by the guarantee, reimburse
Transnet Freight Rail the cost of material &nd {abour.

QUALITY AND INSPECTION

Transnet Freight Rail shall iRspett the equipment under contract on the premises of the
Manufacturer or succegsfulNCantractor.

The Contractor shallnaiify #ransnet Freight Rail 14 days in advance of such an inspection
date.

The Conttactor shall apply 14 days in advance for the date of energizing and ensure that
all woarkyis eompleted before any commissioning can take place.

The Gontractor shall be responsible to issue a compliance certificate in terms of
SANS 0142 for each site before energizing of the equipment shall take place.
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9.2.1

9.2.2

9.2.3
924

9.2.5
9.2.6
9.2.7

9.2.8
929

9.2.10
9.2.11

9212

NOTE:

10
11
12

13

131
13.2
13.3
13.4

SPECIFICATIONS
South African National Standards:

SANS 1091 National colour standard

SANS 8528 Reciprocating internal combustion engine driven alternating current
generating set

SANS 10142 Wiring Code

Transnet Freight Raii:

BBB 1267 version 9

BBB 7842 version1

5420 (1999)
BBC 0198 version 1
CEE.C023.90

CEE.0111.99
CEE.0224.2002

CEE-TBD-8
CEE-TBK-0027

CEE TBK 0028
BBB 2721 version 9

CEE-TBD<007

Specification for outdoor high voltage alterRating-current circuit
breakers for traction and distributiongsubstations.

Qutdoor, high voltage, alternatifig clisrént disconnectors
combined with earthing switches,

Specification for concrete Work.

Specifications forthe supplyof cables.

Specificationg forigstallation of cables.

Specification for 25kV traction substation.

Drawings, catalogues, instruction manuals and spares list for
elegtrical equipment supplied under contract.

Earthing arrangement 25kV AC Traction Substation.

Gontrol circuit diagrams — NO volt operation

Trip, lockout and indication circuit diagram.

AC Primary Circuit Breaker Control Panel and AC/DC
Distribution Panel for 3kV DC Traction substation.
Earthing arrangement for traction substations.

Any‘ether specifications referenced in the above mentioned specification, will be
foninformation purposes and may be provided on request.

Occupational Health and Safety Act No. 85 of 1993 (Avaifable at depot for referral).
Constraints on how the Contractor Provides the Works

The constraints shall be as specified in the specifications of the particular

eauipment.

Requirements for the programme

Programme of work : To be submitted by successful Contractor

CIDB rating : 3EP or above
Format : Gantt chart
information . How work is going to be executed and commissioned
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13.5
13.6
13.7

14

14.1

14.2

14.3

Submission . 3 weeks after the award of contract

Site diary . Sueccessful Contractor to supply in triplicates carbon copies
Site instruction book: Successful Contractor to supply in triplicates carbon copies

Services and other things provided by the Employer
Transnet Freight Rail shall inspect all equipment before the equipment can be

dispatched to site.

Transnet Freight Rail shall have an electrician available for isolation and the erection of
barriers to live electrical equipment and issuing of work permits.
Upon successful completion of the works to the satisfaction of Transnet Freight Rail,

Transnet Freight Rail shall perform necessary protection tests and commission the
equipment.
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BBB1267 Version 10

TECHNOLOGY MANAGEMENT.

SPECIFICATION.

REQUIREMENTS FOR QUTDOOR
ALTERNATING-CURRENT CIRCUIT BREAKERS'FOR
TRACTION AND DISTRIBUTION SUBSTATIONS

Author: Chief Engineering Technician D.0OSehulz
Technology Management
Approved: Senjor Engineer L.C.Borchard
Technology Manag®ment
Authorised: Principal Engideer W.A.Coetzee
Technofogy Managenfent /a?q

Date: 21% September 2009

Circulatidp Restricted To:
Transnet Freight Rail - Chief Engineer Infrastructure

- Technology Management

© This document as a whole is protected by copyright. The information herein is the sole property of Transnet
Ltd. It may not be used, disclosed or reproduced in part or in whole in any manner whatsoever, except with
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SCOPE

This specification covers Transnet freight rall requirements for the design, manufacture, testing and
supply of outdoor Alternating Current {AC) circuit breakers in accordance to SANS 62271-100.

The alternating current circuit breakers shall be suitable rated for nominal phase to phase r.m.s
voltages ranging from 22 kV to 220 kV.

STANDARDS, PUBLICATIONS AND DRAWINGS

Unless otherwise specified all materials and equipment supplied shall comply with the applicable
and tatest editions of SANS or Transnet freight rail publication.

The following publications are referred to in this specification:

SOUTH AFRICAN NATIONAL STANDARDS

SANS 121: - Hot-dip Galvanized coatings for fabricated iron or steel articles.

SANS 1431: - Weldable structural steels.

SANS 60529: - Degrees of protection provided by enclosures (IP cod&)

SANS 60694: - Common  Specifications  for high-voltdge \switghgear and
controlgear standards.

SANS 60815 - Guide for the selection of insfifators, T, respect of polluted
conditions

SANS 62271-100: - High Voltage Alternating Current Circuit Breakers.

TRANSNET FREIGHT RAIL SPECIFICATIONS.

CEE.0045; Fainting of SteBhComponents of Electrical Equipment.

CEE.0224: Drawings, Catalogues, instruction Manuals and Spares.

Occupational Health and Safety Act No 85 of 1983,
TRANSNET FREIGHT RAIL DRAWINGS
CEE-TBK-0027: 5 Control cireuit diagram. No-volt coil protection.

Any iterns offered in, aggorfance with other standards will be considered at the sole discretion of
Transnet freight rafi. TheYendrer shall supply full details stating where the item differs from these
specifications_as well 28 slpplying a copy (in English} of the recognised standard specification(s)
with which ibcomplics.

TENDERING PROCEDURE

Tenderersyghall indicate clause-by-clause compliance with this specification as wel! as the relevant
equipment specifications. This shall take the form of a separate document listing all the
specifications clause numbers indicating on individual statement of compliance or
non-compliance.

The tenderer shall motivate a statement of non-compliance.
Tenderers shall complete Appendix 2. " Information to be provided by tenderers”.

Tenderers shall submit detailed technical literature of the current transformers offered together with
drawings showing, general constructional details and principal dimensions.

Any items offered in accordance with other standards will be considered at the sole discretion of
Transnet freight rail. The tenderer shall supply full details stating where the item differs from these
specifications as well as supplying a copy (in English) of the recognised specification{s) with which i
complies.
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4.0

4.1
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5.0
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6.0
6.1

6.2
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6.3.1
6.4
6.4.1
6.5

6.6

8.7
6.8
6.9
8.10

Failure to comply with clauses 3.1, 3.2, 33, 3.4 and 3.5 could preclude a tenderer from
consideration.

APPENDICES .

The following appendices form an integral part of this specification and shall be read in conjunction
with it.

Appendix 1 -“Schedule of Requirements”,

This appendix details the specific requirements for this application.

Appendix 2 - " informatien to be provided by tenderers”.

This appendix calls for specific technical information to be furnished by tenderers.
SERVICE CONDITIONS.

The current circuit breaker shall be designed to operate under the following conditions.
ATMOSFHERIC CONDITIONS

Altitude: 0 to 1800m above sea level,

Ambient temperature; -5°C to +45 °C.

Relafive humidity: 10% to 80%

Lightning Conditions: 12 ground flashes per square Kilopetee per annum.

Follution: Heavi!y salt taden or polluted with)) smoke from industrial
sources.

ELECTRICAL CONDITIONS

Supply voitage: The incoming AC%oltage can vary + 5% of the nominal system
r.m.s voltages

Frequency: Frequency of the stipply voltage is 50 + 2.5 Hz.

REQUIREMENTS FOR ALTERNATING CURRENT CIRCUIT BREAKERS.

The AC circuit breakers shall be)desighed], manufactured and tested in accordance with the
requirements of specifications SANSE2271-100 and SANS 80894,

The circuit breakers shali/be of the oltdoor type suitable for operation under the nominal phase to
phase voltages or phase toseutralvoitages specified in Appendix 1.

The insulating mediumyorthesprimary circuit breakers shall be SF6 gas or vacuum, depending on the
suUpply voltage, (Reter tAppendix 1)

Vacuumgircuit breakers may be used for voltages ranging from 22 kV up to 33 kV
TheAGcirGuit bfeakers used on Transnet freight rail may the single, double or triple pole type.
Roubte orriple pole type circuit breakers shall be ganged operated.

Fhe circuit breakers shall be rated at the highest r.m.s. voltage for equipment operating at the
nominal system voltage specified in Appendix 1.

The minimum rupturing capacities for the respective voltages and current ratings for the circuit
breakers shall be in accordance to the SANS 62271-100. The rated short—circuit breaking current
shail be at feast 20kA.

The circuit breakers shall be rated for a continuous current of at least 1250 Ampere
The circuit breakers shall have a first pole to clear factor of 1.5.
The circuit breakers shall have a making time not greater than 1 second,

The circuit breakers shall be capable of twice rupturing the specified fault current at the specified
voltages, with a one minute interval between operations and then shall be in a condition to be closed
and carry the rated current without it being necessary to inspect or make adjustments.
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6.17
6.18
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6.20.1

6.21

6.22

6.23

6.23.1

6.24

6.25

8.25.1

6.26

6.27

6.28

6.29
6.30

8,31

The circuit breaker shall be electrically operated from a nominal 110 Volt DC control voltage unless
otherwise specified in Appendix 1.

It shall be possible to close the circuit breaker only when the control voltage is abgve 85% of the
nominal voltage. The circuit breaker shall trip automatically when the control voltage falls below 70%
of the nominal voltage.

The circuit breaker shall have a motor wound spring operating mechanisim,
The operating mechanism shall be provided with shunt release for both opening and closing.

Pneumatic, hydraulic or gas control for tripping and closing the primary circuit breakers are not
acceptable.

The operating mechanism shall be so designed so that the breaker may be closed manually from
ground level by means of a suitable detachable handie.

The operating mechanism shall be constructed of non-ferrous material.
The operating springs shall recharge automatically after the completion of a closing operatiof

The circuit breaker shall be of the trip-free type.

A visual mechanical indicating device shall be provided to indicate the state of the springhand shall
be inscribed “Spring Charged” when the mechanism is in the condition to clesethe circuit breaker
and “Spring Free” when it is in any other condition.

One pair of normally open and normally clgsed contacts shall be proyided for the thdaication circuitry
to the substation control panel for indication of the “Spring Chafged” andh "Spring Discharged”

conditions.

Auxiliary contacts shall be provided for operation in copjuniction with the protection and other
auxiliary circuits specified. At least one spare pair of ngamallf*epen and one spare pair of normally
closed contacts shall be provided.

Circuit breaker control switches shall be proyvidedSern the circuit breaker mechanism. They shall
return automatically to the neutral position when the Randle is released after being turned to either
the "close" or "trip" positions.

Local/Remote selector switches shall belprovided on the circuit breaker mechanism and shall be of
the two-position type. The switch shall havew@ "off" or "neutral” position.

Provision shall be made that when'the circuit breaker is switched to the local position, the protection
and trip circuitry to the cigetit Breaker shall not in any way be by-passed.

Mechanical operatiog shall’be provided on the circuit breaker for any closing or trip release, which is
normally electrically cperateds

The circuit brealgr shall be provided with a no volt coif with a mechanical latching mechanism, which
will trip, JoCkout andfinhivit the circuit breaker from closing when the no volt coil is de-energised.
Refer fo Tgafisnet Freight Rail's drawing No. CEE-TBK-27 which forms part of this specification, for
detdils of the,control circuitry for the no volt protection.

The'io volt coil circuitry with its associated mechanical latching mechanism shall operate separately
frem {he trip colf circuitry.

A counter shall be provided on the circuit breaker to indicate the total number of operations of the
breaker.

Tenderers shall advise the number of circuit breaker operations under full load and fauit conditions,
after which maintenance andfor measurement of contact wear is recommended.

The circuit breaker operating mechanism including its controls and relays shalt be housed in a metat
enclosure.

The enclosure housing shall be manufactured from stainless steel or hot dipped galvanised steet.

The coaling of the enclosure if galvanised shall comply with the requirements of Transnet freight
rail's specification CEE.0045.

The degree of protection of the enclosure shall be in accordance with SANS 60529 and shall be
IP 55.
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6.34
6.34.1

6.34.2

6.34.3

6. 35
6.35.1

6.35.2

6.35.3

6.35.4

6.35.5

6.35.6

6.36
6.36.1

8.36.1.1

Provision shall be made for the enclosure to be pad-lockable.
The enclosure shall be provided with a gland plate for bottom entry of the contro! cables.
VACUUM CIRCUIT BREAKERS. -

Vacuum switching devices shall be evacuated and sealfed in accordance with the latest technology
and accepted practice.

The pre striking and chopping current shall be kept below 5 amperes. Tenderers shall give full
details regarding these characteristics.

Where vacuum circuit breakers are specified in Appendix 1 they shall be either of the motor wound
spring operating mechanism or magnetic actuator operating mechanism type.

SULPHUR HEXAFLOURIDE CIRCUIT BREAKERS. (SF6)

The SFB circuit breaker shall be fitted with a pressure gauge/densiometer fo monitor the
gas pressure.

The pressure gauge/densiometer circuit shall be provided with a minimum of two sets of ¢Ontacts for
alarm and indication for the substation's annunciator or flag circuit.

The supplier shalt wire the SF6 circuit breaker locat controt circuit, such that in the eventof a gas
ieakage or drop in gas pressure, the SF8 circult breaker will trip and lockout.

A set of normally closed contacts shall be provided in the circuit breaker @ieshanisi¥ control box for
the low gas trip circuitry.

The SF6 circuit breaker shall trip and lockout before the minimum safe SF6 gas pressure is reached.

In terms of the Occupational Health and Safety Act No 85 of11993. Code 1704 (pressure vessels)
the successful tenderer shall furnish a certificate of manufdétate complying with the terms of the Act
for the circuit breakers.

INSULATION LEVELS, CREEPAGE DISTANCGESAND CLEARANCES
INSULATION LEVELS

The rated insulation levels of the AC cirguit breakers shall comply with the requirements specified in
Table 1.

Table 1 lists the nominal systerfwoltages present on Transnet freight rail and the required insulation
levels as specified in accordance with' SANS 1019.

Highest phase-to-phase ¢ Neminalgystem Rated fightning Rated short duration
r.m.s voltage for phasgrto-phase impulse withstand power- frequency
equipment. (Um) raf’s. voltage voltage peak. withstand r.m.s voltage.
24V 22 kV 150KV 50 kv
36.kv 33 kv 200 kv 70kY
52 kv 44 kv 250 kv a5 kv
72,5 kv 66 kV 350 kV 140 kv
380 kV 150 kv
100 kv 88kv 450 kV 185 kv
550 kv 230 kv
145 kV 132 kV 650KV 275 KV
850 kV 360 kV
245 kv 220 kv 950 KV 395 KV
insulation levels for highest voltage for equipment Uy, < 100 kV are based on an earth fault factor
equal to ¥ 3 and for Uy, > 100 kV an earth fault factor equal to 0,8 3.
Where more than one insulation level is given per voltage system, the higher level is appropriate
for equipment where the earth fault factor is greater than 1,4

TABLE 1: Standard Voltages and insulation levels in accordance with SANS 1018:2008 {1]
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6.36.1.2.

6.36.2
6.36.2.1

6.36.2.2

6.36.2.3

6.38.3
6.36.3.1

6.36.3.2

For the 25 kV and 50kV single phase ac traction systems the ac high voltage circuit breakers shatl
be designed to the following nominal system phase to phase r.m.s voltages and withstand insulation
levels:

Lt

» For the 25 kV (phase 0 earth) ac traction systems the ac high voltage circuit breakers current
transformer shall be rated for a nominal system phase o phase r.m.s voltage of at least 44 kV
and designed to withstand the required insulation leve! for that nominal system voltage.

¢ For the 60 kV {phase to earth) ac traction systems the ac high voltage circuit breakers shall be
rated for @ nominal system phase to phase rm.s voltage of at least 88 kV and designed to
withstand the required insulation level for that nominal system voltage.

CREEPAGE DISTANCES

The standard creepage distance betwaen phase and earth shall be in accordance with table ii of
SANS 80815,

For coastal areas and very heavy poliuted inland areas the standard creepage distanceeshall be
the very heavy polluted level ie. 31mm/kV of the highest rm.s phase to phase voitage U, for

egquipment.

For inland areas the standard creepage distance shall be the heavy polluted level, i.e. 25mm/kV of
the highest r.m.s phase to phase voltage Up, for equipment.

CLEARANCES

The following minimum safety outdoor earth clearances shall bg maintained between any live
conductor or metal and earthed metal: -

Highest phase to 24k 36kv 48ky 2kv 100kV 145kV 2458V
phase r.m.s
voltage for
equipment.
Qutdoor distance 320mm 430mm 540mm 770mm | 1000mm { 1450mm | 1850mm

The following minimum safety cleafances shall be maintained between any live conductor or metal
and ground surface level: -

Highest phase 24K\ 36kV 48kV 72.5%kV 100kV 145kV 245kV
to phase rm.s

voltage for

equipment.

Nopiinal phiase 22kv 33kV 44kv 66kvV 88Kv 132kV 220kV

10 phase r.rg
systém voltage

Within security 2820mm | 2930mm | 3040mm | 3270mm | 3500mm | 3850mm | 4350mm

fence.
{Restricted
access way)

Outside security | 5200mm 5300mm | 5400mm H700mm 5800mm | 6300mm 6700mm
fence but within
Transnet freight
rail's reserve

Qutside 5500mm 5500mm 5500mm 5700mm 5900mm 6300mm 6700mm

Transnet freight
rail’s reserve
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SUPPORT STEELWORK.

The circuit breaker shall be provided with its own support steelwork, which shall be hot- dip
galvanised in accordance with specification SANS 121 and shall comply fo requirements of
SANS 1431: for weldable structural steels,

Support steelwork exposed to a high pollution/corrosive atmosphere shall be painted in accordance
with specification CEE.0045.

SPECIAL TOOLS, SERVICING AIDS AND MANUALS AND SPARES LISTS.

The tenderers shall submit a separate offer for special tools and servicing aids necessary for the
servicing and maintenance of SF8 circuit breakers.

Three copies of instruction/maintenance manuals, spares list's and wiring diagrams of the circuit
breakers in accordance with Transnet freight rail's specification CEE.0224. shall be supplied upon
delivery.

TRAINING.

The tenderer shall submit details with the tender of the training courses, which will be conducted by
the supplier for the training of Transnet freight rail mainienance staff in the opetation and
maintenance of the circuit breaker. The courses shall include theoretical as wellas practical tuition.
The date and venue of this fraining course shall be arranged with the mainteRgnge manager of the
depot. The cost of the training shall be quoted for separately.

TEST CERTIFICATES.

The manufaciure shall make available type test certificateg for the efuipment (as specified in
SANS 62271-100 when required. Routine test cerlificates gshallbe supplied with each circuit breaker.

GUARANTEE AND DEFECTS.

The contractor shall guarantee the satisfactorys@feration of the circuit breaker supplied and accept
liabitity for maker's defects, which may appear(in design, fhaterials and workmanship.

The guarantee period shall expire after: £
A period of 12 months commencingon theadaté of energising of the circuit breaker.

Any specific type of fault occutring three times within the guarantee period and which cannot be
proven to be due to othep 1aultylequipment not forming part of this contract, shall automatically be
deemed an inherent géfect, Sueh inherent defect shall be fully rectified to the safisfaction of the
maintenance manageref thedepot and at the cost of the Supplier.if urgent repairs have to be
carried out by Tranpsnet freight rail staff to maintain supply during the guarantee period the supplier
shall inspecteuch fepaits to ensure that the guarantee period is not affected and should they be
covered by'the guarantee, reimburse Transnet freight rail the cost of material and labour,

INSBECTION,

] ranshietfieight rail reserves the right to carry out inspection and any tests on the equipment at the
works, of the supplier/ manufacture.

Arrangements must be made timeously for such inspections to be carried out before delivery of the
equipment to the client,

PACKAGING AND TRANSPORT.

The tenderer shall ensure that the equipment be packed in such a manner that it wilt be protected
during handling and transport.

The tenderer shall provide transport for the delivery of the equipment to the site where required.
BIBLIOGRAPHY
{11 SANS 1019, 2008. Edition 2.8

END
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APPENDIX 1

SCHEDULE OF REQUIREMENTS
{To be completed by client)

SYSTEM DETAIL

AC Circuit Breakers: substation/location.

Follution level: Heavy Very Heavy

Quantity of AC Circuit Breakers.

Nominal phase to phase voltage for 3 phase system: KV,

Nominal phase to neutral voltage for single phase systems: kV.
Frequency: Hz

Circuit breaker control DC voltage: Y

Circuit breakers to be used for the following:

o 3 kV DC Traction substations. Yes/No
» Distribution substations. J-YeslNo
* 25 kV AC Traction substations. Yes/No
¢ 50 kV AC Traction substation. Yes/Ng

DETAIL OF AC CIRCUIT BREAKERS.
Type of circuit breakers reguired:

Vacuum: Yes/No

Gas (SF6) Yes/No

Number of circuit breakes§ reguired:

Number of poles:

Rated Voltage: kv

Rated shéri-cifeuit breaking current: kA
Ratéd narmah€urrent; Ampere.

END
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APPENDIX 2

TECHNICAL DATA SHEET
(To be completed by tenderer)

DETAIL GF CIRCUIT BREAKER
Make and manufaciurer

Rated Voltage kV.
(Highest rated voltage for equipment)

Rated Insuiation level iKV.
(Rated lightning withstand Voltage)

Number of Poles:

Rated short circuit breaking current KA.

Rated normal current: Ampere.

Breaker operating time:

Closing: ms.

Opening: ms,

Number of operations after which breaker gontatifmaintenance / measurement is required:

Under full load conditions

Under fault conditions

First Pole to Clear Factor

DC control voltage: \Y

A Division of Transnet Limited Registration Number 1990/00900/08 Page 10 of 10
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SCOPE

This specification covers Transnet Freight Rail's requirements for the design, manufacture, delivery,
installation and commissioning of the high voltage AC primary circuit breaker controf panel and
AC/DC distribution panel for 3 kV DC traction substations. The purpose of the AC primary circuit
breaker control panet and AC/DC distribution panel is to house the protective and control eguipment
for the suitable operation of the substation,

BACKGROUND.

3 kV DC traction substation comprises of a high voltage outdoor yard and a building housing the
indoor equipment. The outdoor yard equipment consists of HV disconnects, primary circuit breakers,
current and voltage transformers, and main traction - and auxiliary supply transformers. The indoor
equipment comprises of a 3 kV DC rectifier with its associated control equipment,

3 kV DC high speed circuit breakers, 110 V hattery charger unit and batieries.

STANDARDS AND PUBLICATIONS.
The following publications are referred to:
IEC - INTERNATIONAL ELECTROTECHNICAL COMMISSION

IEC 60255-5: Electrical relays - 5. Insulation coofgination for measuring
relays and protective equipment- qeguircnent€ and tests.

[EC 60529; Degrée of protection provideffl by Bnclesures. (IP code.)

[EC 60051-1: Direct Acting Indicating Analdgue Flectrical Measuring
Instruments and their 8ccessories. Part 1 - Definitions and
general requirement&common to afl parts,

SOUTH AFRICAN NATIONAL STANDARDS

SANS 158 Mouldéd Case Circuit Breakers.

SANS 1091; National Sefélirs standard for paint.

SANS 1274; Coatings applied by the powder-coating process.
SANS 10142: installation and wiring of premises.

TRANSNET FREIGHT RAIL’S\SPECIFICATIONS

CEE.0224: Drawings, catalogues, instruction manuals and spares list
for electrical equipment supplied under contract.

BBBO04T. Preparation of drawings for Transnet Freight Rail
Infrastructure,

BEB2502: Requiremenis for battery chargers for 3 kV DC trackion
substations,

TRANSNET FREIGHT RAIL'S DRAWINGS

CEE-TBD-7: Earthing arrangement for 3 kV DC traction substation.
CEE-TBK-0027: Control circuit diagram. No-volt coil protection.
APPENDICES

The following appendices form part of this specification:
Appendix 1: Shows the recommended layout of the AC/DC Distribution Panel.

Appendix 2. Shows the recommended fayout of the AC Primary Circuit Breaker Gontrol Panel.

Appendix 3: Schedule of requirements.
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7.1.

TENDERING PROCEDURE

Tenderers shall indicate clause by clause compliance with this specification. This shall take the form
of a separate document lisfing all the specifications clause numbers indicating® the individual
statement of compliance or non-compliance.

The tenderer shall motivate a statement of non-compliance.

Tenderers shall submit schematics and wiring diagrams, general constructional details and principal
dimensions of the panels.

Failure to comply with clauses 5.1, 5.2, and 5.3 could preciude a tender from consideration.

SERVICE CONDITIONS

The primary circuit breaker control panel and AC/DC distribution panel shall be designed and rated
for continuous operation under the following conditions:

ATMOSPHERIC CONDITIONS

Altitude: C to 1800m above sea level.

Ambient temperature: -5°C to +45 °C.

Relafive humidity: 10% to 90%

Lightning Conditions: - 12 ground fldshes \p&r square kilometre
per annum,

Pollution: Heavily, salt laden or polluted with smoke
fromindustrial sources.

MECHANICAL.

The substation in which the panels will be installed is Situated next to a railway line and the
equipment will therefore be subjected to yibration, The design must take appropriate counter
measures to ensure reliability of equipment thablare sensitive.

ELECTRICAL
Nominal DC control voltags? 110 V (Minirnum being 88 V and maximum128 v
Nominal AC auxiliary supplf: 400V / 230V, 50Hz

The existing main protegfion current transformers are of the bushing or free standing post type.
The class gf{hescurtent fransformers are 10P10

The burdén rating 19%f the order of 15VA or greater

The ratiosafe of the order as listed below:

Supplyeltage Ratio

132k 30/1 or 30/5
8&kV 50/t or 50/5
B6kY 751 or 7515

Equipment within the substation-building environment is subjected to electromechanical interference
as well as voltage surges.

GENERAL REQUIREMENTS OF CONTROL /DISTRIBUTION PANELS.

The successful supplier shall be responsible for the design, the ratings of all, cabling, wiring,
protection circuitry, sizing of contactors, relays, moulded circuit breakers, (mceb's) lsolators, fused
isolators, fuse ratings, terminations and any other equipment and circuitry used.

fn the event of a dispute, Transnet Freight Rail staff's shall make ithe final decision on technical
malters.
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7.2

7.3

7.4

7.5

76

7.7

8.0

8.1
8.1.1

8.1.2

8.1.3
8.14

8.1.5
818
8.1.7

The construction of the control/distribution panels shall be either two separate panels or a
combination of both into one panel with the AC and DC circuitry separated. Refer to Appendix 1
Clauses 1.0, 2.0 and 3.0.

The controlfdistribution panels shall be so designed that the control switches are accessible and
indicating lights, flag indicators, volt and ammeters are visible without opening the doors.

.

Appendix 1 and Appendix 2 show the recommended layout of the control equipment on the front
door of the substation control paneis.

All circuitry shall be wired in the fail to safe mode I.e. refays and contaclors must be
de-energised under fault conditions.

All relays, control switches, indicating lights, and control push buttons, ete. which are mounted on
panel door shall be suitably [abslled to clearly indicate their function. The labels shall be engraved
with white lettering on a biack background and permanently fixed with miniature

screws, rivets or high quality adhesive.

Laminated plastised labels shall be used for labelling inside the panel and panel docr. The lettering
shall be elther engraved or efched.

AC PRIMARY CIRCUIT BREAKER CONTROL PANEL

The panel shall be fitted with the following:

« Flag relays and associated LED Annungiator panel. (Clause 8.1)

o AC Primary circuit breaker control circuitry and equipment (Clause,8.2)
+ Rectifier control circuitry and equipment. {Clause 8.3)

» Main AC thermal overload and instantaneous ovégcugfent protection relays. (Clause 8.4)
= Auxiiiary transformer overload protection refay. {Clause 8.7)

« AC earth leakage protection relay. (Clause 8.5)

« DC Earth leakage protection relay. (Clause’8.6)

» Main and auxitiary transformerpgdtection circuitry. {Clause 8.7)

+ local and remote gonirobeircuitry and equipment. {Clause 8.8)

* Emergency stdp buttor (Ciause 8.11)

» Lock oubresetbition and indication. (Clause 8.12)

FLAG ANNUCIATOR UNIT

The plrpese of the flag annunciator unit is to give an alarmfindication of the status of the
substation equipment and shall not be used as a tripping mechanism for any of the protection
gircuits or form part of the fripping circuits.

The design of the flag annunciator unit shall aliow any input condition to trigger the flag
annunciator alarm and the corresponding indicator shall illuminate,

All inputs shall be latchable and shail continue to indicate even after a power failure.

The flag annunciator alarm shall be equipped with a "Test bution” which will apply power supply
voltage to all inputs for test purposes.

The alarm annunciator system shall be supplied with a "Reset button" to clear any alarm.
When buzzers or flashing indicators are fitted an alarm "Accept button™ shall be provided.

The flag relay and annunciator unit shall make provision for a minimum of 20 annunciator
circuits.
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8.18 The annunciator shall have the following minimum indications.
o Main overload.
¢ Main overload protection relay fault. (Watchdog facility)
« Auxiliary Overtoad (If applicable).
+ Ol temperature.
o Winding temperature.
s DC Earth Leakage.
o AC Earth leakage.
e Main transformer Bucholz operation.
+ Aux transformer Bucholz aperation (If applicable).
o Rectifier Attenuation and over temperature.
o Rectifier diode failure
+ Reclifier fan failure,
s Battery undervoliage.
» 400V 3 phase auxiliary supply phase failure.
» Low SF8 gas pressure (If applicable).
8.2 AC PRIMARY CIRCUIT BREAKER CONTROL ANDUNDICATION
8.2.1 Pravision shall be made for the following:
= |ocal/ Remote two position switch. The switch shall have no “off” or “neutral” position
+ [ocal indication. Open/Trip {gregn) and€iosed (Red).
« Lockout indication. (Amiser)
2.3 RECTIFIER FAN CONTROL AND PROTECTION CIRCUITRY
8.3.1 Provision shall be\made topthe following:
« [an métor prétegtion circuitry.

¢ _Fan faillre gircuitry (vane switch).
The circuitry shall be fail-safe and shall provide a signal fo the flag annunciator panel when the
fan fafls.

+ Rectifier current sensing circuitry.
The operation of the rectifier fan/fans shall be dependent on the fuil load current rating of the
rectifier as well as the temperature of the reclifier.
The rectifier current sensing control circuitry shall operate at 50% (adjustable) of the full load
current rating of the rectifier. The current sensing circuitry shall be adjustable between 10% and
80% of ull load of the rectifier.
In order to avoid oscillatory pumping action of the fans a timing circuit shall ensure that fans
remain energised for a period of at least 3 minutes after each and every start Irrespective of the
load condition in that time span.

¢ Diode supervisory circuitry.

s Fan test switch {switch on front of panel).
A spring-loaded self-resetting switch shall be provided for the manual testing of the fan/fans.
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8.4

8.4.1

8.4.2

8.4.3

8.4.4

8.4.5

8.4.6

8.47

8.4.8

8.4.9

8.4.10

8.5
8.5.1

8.5.2

8.5.3

854
8.6
8.6.1

862

MAIN AC THERMAL OVERLOAD AND INSTANTANEQUS OVERLOAD PROTECTION RELAYS.
The protection refays shall be of the type readily avaifable on the open market,

The protection relays shall be in accordance to IEC 60255-5 and shalt be flush mounted.
Electronic protection relays shall be provided with a password system to prevent any unauthorised
changing of the relay setfings.

The protection relays shall incorporate a watchdog facility, which shall energise in the event of
faifure of the relay or relay functions.

The high voltage AC primary circuit breaker shall be provided with AC thermal overload and
instantanecus overload protection on each of two phases

The protective elements of the relay shalf be suitable for operation in conjunction with the main
current fransformers. The secondary current ratings are 5 ampere and 1ampere.

In the event of protection relay failure, the relay shall fail-safe and shall trip the AC primary gircuit
breaker.

The therma! overload protection shall be provided to permit loads not less than the spegified load-
rating curve of the 3 kV rectifier, which is tabled below and shall not exceed the manufacters,
declared rectifier rating.

2 x fult ioad for 30 minutes

3 x full load for 1 minute

3.5 x full load for 10 seconds. -

4.25 x full load instantaneous

Short circuit proof for 200 milli seconds

The operating level of the overioad elements and time del@jrsettings shall be Independently
adjustable.

For AC overload the protection relay shall havearfaipinium calibrating range from 3 to 6 times the
full load fine current of the rectifier equipment,

The AC overload protection shall be profided witheeh adjustable time delay to prevent operation as a
result of inrush currents during switching\of theltransformer, and to provided sufficient time delay of
operation to ensure that only the 3%V DChigh speed track circuit breakers operate under fault

conditions.
AC EARTH LEAKAGE PROTECGTION RELAY

An instantaneous relay Tdf thesC earth leakage protection shall be supplied. The relay may be
separate or incorperated asfa function of the main overload relay.

The AC eafth fatiitprotection shall trip and lockout the AC primary circuit breaker in the event of
any flasfioveror earih leakage which may occur on the outdoor AC high voltage equipment

Tiie reiay shall be suitable for operation in conjunction with its associated earth fault current
transformer. The relay shall have a calibration range of between from 50 to 100 amperes adjustable.

The relay shall be fitted in the primary circuit breaker control panet.
DC EARTH LEAKAGE PROTECTION RELAY.

The DC earth leakage relay shafl not be fitted in the control panel but on the outside of the control
panel. In the case of space constraints (single unit substations) the relay may be mounted on a wall
or other location, which shall be decided after consultation with Transnet Freight Rail's staff.

The steelwork of all 3 kV DC equipment Installed in a traction substation is connected to a DG earth
feakage busbar which is mounted on Insulators. This busbar is connected ta the substation negative
(which is near earth potential) through the DC earth leakage relay by means of two 95mm?2 PVC
insulated copper cables. In the event of a failure of the 3 kV DC insulation, the fault current flows to
rail (substation negative) by way of the relay causing its operation at the calibrated current setting.
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8.6.3

8.6.4

8.6.5

8.6.6

8.6.7

8.6.8

8.6.9

8.6.10
8.6.11

8612

8.6.13

8.6.14

8.6.15

8.6.16

8.6.17

8.6,18

8.7

871

8.7.2

8.8
8.8.1

The DC earth leakage busbar may also be installed so that its passes through the aperture of the
DC earth leakage relay. The one side of the busbar is connected fo the substation negative and the
steelwork of the electrical equipment is connected on the other side.

e

A suitable DG earth leakage relay shall be provided that will trip at a predetermined value in the
event of failure of the 3 kV DC insulation.

The DC earth lealkage copper busbar dimensions minimum 50x10 mm? shall be provided for.
Provision shall be made for a minimum of ten 95 square mm conductor lugs.

The connection between the DC earth feakage primary busbar and the steelwork of the equipment
inside the substation shall be made by means of 95 mm? PVC insulated conductors.

{Drawing CEE-TBD-7 which shows a typical layout of the interconnections befween the steetwork of
the equipment and the DC earth leakage busbar.

The DC earth leakage relay shall be robustly constructed and protected against the ingress of dust,
dirt and moisture.

The DC earth leakage refay shall have provision for lead-and-wire sealing to prevent unauthorised
tampering with the calibration.

Once the DC earth leakage relay has operated it shall remain fatched in the tripped positiofyuntil it is
manually reset.

The operation of the DC earth leakage relay shall be instantaneous.

J

The DC earth leakage relay shall be provided with a flag indicator and facilities®or efectrical remote
flag indication.

The DC earth leakage refay shall incorporate sufficient auxiliaryl contacts to enable the correct
operation of the circuit. The contacts shall be continuguBiy ratedito carry and make or break a 5 A,
110V inductive cirouit.

The aperture of the magnetic core of the DC edrth leakade relay shall be large enough to
accommodate two 85mm? PVC insulated cepper condlictors, which connect the DC earth leakage
busbar to substation negative. (See Engineering Thstruction 8.013 Issue 2).

The DC earth leakage relay shall b& capable.ef operating under shott-circuit conditions where the
fault current could be in the orderof 80 kA DC and the possible rate of rise between 3 and 6 kA per

second.

The trip setting of the BC earth feakage relay shall be easily adjustable in the range 10—~ 200 A.
The trip setting shalllbe Ttlicated on a dial and pointer to facilitate calibration.

The calibration must be'$table and accurate to plus minus 10 percent of the trip setfing of the DC
earth leakage relay, 4

The RE eagth leakage relay shall be protected from accidental damage or contact by a sturdy
eftlosure marufactured from a suitable transparent non-conductive material,

The cepper busbar shall be insulated from the mounting surface by means of suitable insulators etc
and provision shalt be for the termination of the earthing conductors.

MAIN AND AUXILIARY TRANSFORMER GAS ACTUATED AND TEMPERATURE PROTECTION
RELAYS CIRCUITRY

Pravision shall be made for the main transformer Buchoiz relay and oif and winding temperature
relay alarm and trip circuits.

Provision shall be made for the auxiliary transformer Bucholz relay and oil / winding temperature
alarm and trip circuits as required.

OVERLOAD PROTECTION FOR AUXILIARY TRANSFORMERS

An overload relay shall be supplied for the protection of the primary winding of the auxifiary
transformer.
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882

3.9

8.10

8.1

812

8.13

The overioad protection refay shall be the Strike FP2604 or other type approved by Technology
Management.

LOCAL AND REMOTE CONTROL. CIRCUITRY AND INDICATION EQUIPMENT -

Provision shall be made for the local and remote fripping and closing of the AC primary circuit
breaker.

TRIP CONDITIONS
A trip refers to a condition where a substation may be switched back on foad from local or remote

in the case where the relevant fault has cleared itself.

» Main Overload.

» Auxitiary transformer overload.

s Ol Temperature.

+ Rectifier over temperature.

¢ 400V auxiliary supply phase failure with time delay module adjustable from 0 to 80wsafonds.
e Wave filter room interlock (where fitted)

LOCKOUT CONDITIONS

A lockout refers to the condition where the AC primary circuit breaker is trippedand inhibited from
being closed by either focal or remote control signal. In order to bring\the substation back on load
the relevant failure has to be addressed and rectified from inside the stibstation.

» DC Earth Leakage. Complete substation lockout,
» AC Earth Leakage.

+ Profection relay failure. {(Watchdog)

= Rectifier first diode fallure.

» Rectifier attenuation failure.

¢ Battery undervoitage.

e Buchelz main trapsformeér.

» Bucholz auxiliary transformer (if applicable).
o low SF6 gas (IRapplicable).

s Winding\temperature.

%) Rectifier fan failure.

« No volt coil protection. Refer to Transnet Freight Rail's drawing No CEE-TBK~27 for centrol
circuitry.

EMERGENCY STOP

A mushroom head (red) latched push button shall be provided. The operation of the pushbutton shalf
completely shutdown and isolate the substation from all supplies by the tripping of the high voitage
AG primary circuit breaker(s) and all the 3 kV DC track breakers. It shall not be possibie to carry out
local and remote control of the equipment until the emergency push button has been reset,

LOCK OUT RESET BUTTON AND INDICATION.

Provision shall be made for the manual reset of a lock out condition, which occurs in the substation.
The reset of the lockout condition shalf only be possible with the operation of the annunciator flag
reset and lockout reset button.
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9.0

9.1

9.1.3

AC/DC DISTRIBUTION PANEL

The panel shall make provision for:

o AC Distribution (400 V, 3 Phase) (Clause 9.1.)

e DC Distribution (110 V DC) (Clause 9.2)

» DC Control and supervisory circuitry and track breaker control. (Clause 9.3)
AC DISTRIBUTION. (400V, 3 PHASE)

Provision shall be for the following:

e 3 phase 15 kA short circuit rated, 415 V moulded case circuilt breaker / fused isolator for the
profection of the three-phase auxitiary transformer supply. The fused isolator shall be the AEG or
equivalent fype that has been approved by Technology Management,

« busbars protected by clear Perspex barriers shall be marked with a danger sign and 408 "

= current transformers in the control panel for the measurement of the low voitagegurrénts for each
phase of the 400 V supply.

+ ammeter and volimeter for the measurement of the 3 phase currents and Vieltages.

« suitable four-way rotary selector switches for the measurement of thie 3\phaseturrents and
voltages.

400V 3PHASE DISTRIBUTION SUPPLY

The following 3 phase supplies are normaily required but cOUlg vary for each substation.
These supplies shall be individually protected by mefilded case'¢ircuit breakers.

+ 60 A calibrating set supply.

+ Substation distribution board.

« Substation bullding fan.

« Battery room fan including @vérlead protection.

+ Spare supply points@s required.

* 40 A supply for Tegelierative breaking absorption equipment where specified,
3 PHASE DETECTIONWAILURE RELAY.

One thige phase detection failure relay shall be installed in the panel. The relay shall monitor the
400 patiel supply for the following:

» WPhase¥ailure.
s  Seguence reversal,
o [Excessive phase unbalance.

« The relay shall have of hysteresis of not more than 5% and a reaction time of 3 seconds or
better,

» An adjustabie time delay setting shall be incorporated on the front of the detection relay to
prevent the operation of the relay due to Eskom supply dips. The time delay adjustment shall be
between 0 to 60 seconds.

230 V SINGLE PHASE DISTRIBUTION SUPPLY

The following single phase supplies are normally required but could vary for each substation. These
supplies shall be individually protected by moulded case circuit breakers.
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9.1.4
2.1.4.1

8142
8.1.5

9.2
.21

9.2.2
6221

8222

89223

9224
82256

¢ Telecontrol supply.
» Eskom metering supply.

¢ 3pin 230V, 15 A socket outlet protected by earth leakage unit in accordance with
SANS 10142,

o Battery charger supply.

= Substation distribution board and lights.

« Supplies to the primary circuit breaker control panel.
400V AUXILIARY SUPPLY CHANGE OVER SYSTEM

Unless otherwise specified a 400 V auxiliary supply change over system shall be installed in the
panel {o provide a continuous 400 V supply in the substation for the following situations.

¢ Where in a double unit substation two auxiliary transformers are installed and one unit 18
switched off or

» Where itis required to supply the traction substation from a standby auxiliary,supply in the event
of the traction substation been switched off.

The contactors for the change over syster shall be mechanically and electiigailnteriocked.
INDICATING INSTRUMENTS FOR THE 450 V AC DISTRIBUTION

The panel shall be fitted with the following indicating instrumenit for thewA€ distribution auxiiary
supply.

o One 0 to 400 V voltmeter with its own selector switch. Jhe instrument shall be labelled
"AC VOLTS”

« One 0 to 100 A ampere meter with its own Selector switch. The instrument shall be labelied “AC
AMPERES"

110 DC VOLT DISTRIBUTION

The 110 V DC supply shail be dbtaiped from the substation battery bani, which is charged by a
freestanding battery chargerunityRefer to Transnet Freight Rail's Specification BBB 2502 latest
version. The instailatiqif of g, battey charger in the AC/DC distribution panel is not acceptable.

Provision shall befmage ap AC/DC distribution panel for the following:

INDICATING INSTRUMENTS

One 0 tog1 56V DC volimeter tabelled “DC VOLTS" to indicate the battery output voitage. The
voltmeler Shallbe provided with a selector switch to be able select any of the following positicns:

s DC Volts.
 Battery earth fault between battery positive and negative DC earth leakage busbar. (Frame)
+ Battery earth fault between battery negative and negative DC earth leakage busbar. (Frame)

One 0 1o 160 V DC valtmeter labelled “HOLDING COl. VOLTS” to indicate the holding coil supply
voltage.

One 0 to 30 A DC ampere meter labelled “HOLDING COIL AMPERES” to indicate the holding coil
current.

One ¢ o 30 A DC ampere meter labefled “DC AMPERES" to indicate the battery output current.

One DC ampere meter labelled "BATTERY FLOAT CHARGE" to indicate the fioat charge to the
battery. A short circuiting spring loaded switch shall be provided to protect the instrument against
fault conditions i.e.
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Charging batteries at the maximum rate.

Reverse current through the ammeter when the battery charger is disconnected.

1

9.3 110V DC DISTRIBUTION SUPPLY

8.3.1 The following 110 V DC suppites are normally required but could vary for each substation.
These supplies shall be individually protected by moulded case circuit breakers.

Panel lamps and swifches.

Primary circult breaker control panel.
3 pin 110V, 15 A DC socket outiet,
Substation distribution board.

Eskom metering.

Telecontrol.

3 kV DC undervoliage retay.

For the 110 V battery supply a double pole, 100 to 150 A DC Isolator or MOB, depestiant on the
ampere-hour rating of the batteries shall be provided.

Protection and control circuit supplies for regenerative braking equipment.if specified).

8932 For the track breaker control circuitry the foliowing size mcb's §hall bewegtired:

-

The 110V positive (busbar) supply for the closing coilyeqliites 80 amperes or less depending on
type of track breaker.

The 114V negative (bushar) supply for the £losing ceil requires 80 amperes or less depending
on type of irack breaker.

The 110 V constant voltage positive Supplyfor the holding coit requires 5 amperes.
The 110 V positive (busbar),supgly for the holding coil requires 5 amperes.

The 110 V negative (buShar)supily for the holding coil reqgtiires 8 amperes,

8.4 DC CONTROL AND SUPERVISORY CIRCUITRY AND TRACK BREAKER CONTROL,

The DC control ang stgervisory system shail have the following circuitry fitted:

Battepfunderveliage relay adjustable from 80 to 110 V DC.
lfGekouk relay.

Earth leakage slave relays.

3 kV DC High Speed Circuit Breaker control circuitry (dependant on number High Speed Circuit
Breakers.)

Selector and control switches.

Measuring instruments for DC amperes, DC voitages, Holding coils voltage and holding coil
current.

10.0 PROTECTION RELAYS

10.1 The protection relays (see clause 8.4 and 8.5) shall be flush mounted on the panel door.
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11.0 CIRCUIT BREAKERS, CONTACTORS, RELAYS AND INDICATING LAMPS.

11.1 All contactors and relays shall be protected from the ingress of dirt or dust by means of suitable
non-flammable dust tight covers. The relays shall have a protection rating of IP 34 as defined in
IEC 60529,

11.2 All circuit breakers, contactors, relays and indicating lamps shall be readily available on the
open market.

11.3 Contactors and relays shall be of the sturdiest construction and shall not be affected by vibration.

11.4 DC operated relays shall be capable of satisfactory operation between 85 Volts and 140 Volts

without any damage to the relays.

11.5 AC operated relays and contactors shall be suitably rated for the auxiliary supply voltage, which
could vary due fo the tapping range of the main and auxiliary transformers.

11.6 The contractor shall supply and install surge protection for the 400 volt 3 phase AC and 110.volt DG
supplies to the control paneis.

11.6.1 Dehn type surge protection units or equivalent shall be provided for the 110 volt DCsupply and shali
be connected as follows:

+  One unit connected between the 110 Volt DC Positive and Negative.
¢ One unit connected between the 110 yolt DC Positive and the pameleaith.

e  One unit connected between the 110 volt DC Negative and thepanel @arth.

11.6.2 A DehnGuard MTT pole surge protection unit or equivalent shall be provided for the 400 volt three
phase AC supply to the control panels.

11.7 All low voltage circuits in the panel, which require profestion, shall be suitably protected by
moulded case circuit breakers, which comply with the réguirements of SANS 156,

11.8 The low voltage moulded case circuit bregKers shall be of suitable rating and rupturing capacity.

11.9 Selector switches used for the DC yoltmeter shall be of the make before break type.

12.0 ELECTRICAL MEASURINGINSTRUMENTS

12.1 The type of measuring jpStrumiegts shall be readily available on the open market.

12.2 Al analogue electrical indicatigh meters shall be in accordance with IEC 60051-1. The meters shall
be flush mounted.

12.3 Analoguegnetersshall be used for the measurement of AC values and shall have a class index of
1.5. Théqanalogue face of the meters shall not be less than 96mm x 96mm with a 90 degree
dispia

12.4 Anaibgue Or digital meters may be used for the measurement of DC voltage and current.

12.5 Digital instruments shall have a display of 3.5 digits, 12 milli meters high and have an accuracy of
0.5%.

13.0 TELECONTROL

Provision is made for the closing, monitoring and tripping of the substation eguipment from a

Control office.
Telecontrol signals are incorporated in both the AC Primary Circuit Breaker and the AG/DC

Distribution panels. Provision shall be made for the termination of the telecontrol signals to a
common terminal strip. This is connected to the telecontrol panel by means of a multicore cable.
Provision shall be made for the following signals:

13.1 AC PRIMARY CIRCUIT BREAKER

« Open, Close and Lockout conditions,

A Division of Transnet Limited Registration Number 1990/00900/06 Page 13 of 20



BBB2721 Version 10

13.2 3 kV DC HIGH SPEED CIRCUIT BREAKERS.
+ Qpen, Close and Lockout conditions.
13.3 TRANSFORMERS (Main and Auxiliary where applicable)
¢ Transformer Overioad.
o Qver temperature (Oil / winding).
s Bucholz operation.
13.4 EARTH FAULT CONDITIONS
« [C Earth Leakage,
o AC Earth Leakage.
13.5 RECTIFIER FAILURE
» Over temperature.
» Diode failure.

s Fan failure,

13.6 SUPPLY VOLTAGE FAILURES *
s 400 V AC auxiliary supply phase failure,
« 110V DC Failure,
» 3 kV DC undervoltage relay failure.
13.7 BATTERY
¢ Battery undervoltage.
13.8 MAIN OVERLOAD/AC EARTH LEAKAGERELAY FAILURE

+ Protection reiay failure. (Watchdeg)

14.0 WIRING AND TERMINALS.

14.1 Sufficient terminalgtrips shallbe provided for the number of circuit breakers to be controlled.

14.2 All terminalgomveguipment such as switches and relays shall be suitably numbered and reflected
on the substation schematics and wiring diagrams.

14.3 Allgerminaiblogks and groups of terminal blocks shall be suitably numbered.

14.4 Ali wires shall be provided with identification tags at terminals and shall be marked as reflected on

fire panel-wiring diagram. The diagram markings and wire markings shall be the same.

14.5 Terminals shall be provided near the bottom of the panels for the connection of cabiles from
ducts, pipes efc. The terminal strips shall be grouped together and arranged so as to facilitate
the removal of connections,

14.6 Suitabte terminal strips shall be provided to facilitate wiring between the various items of
equipment and to the remote control station or telecontrol.

14.7 All wiring shall be carried out on the loop-in system and the looping-in shall be done at the
terminal strips. "X" type wiring will not be acceptable.

14.8 The method of loop wiring from one relay to another without protection for the individual circuits is
not acceptable.
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14.9

14.10

1411

14.12

14.13

14.14

14,15

14.16

14.17
14.18

16.0
15.1

16.1.1

15.2

15.3

16.4

185

15.6

The cross-sectional area of all smalf conductors for low voltage circuits shall be not less than that
required to ensure sufficient mechanical strength. The conduciors shall be stranded to ensure
flexibility.

T

All wires and conductors for low voltage circuits shall be a minimum of 2.5 square mm with the
exception of the main battery supply cables between the main battery switch and busbars, which
shall be at least 16 square mm.

The conductors for the multicore telecontrol cable shall be at least 1,5 square mm per conductor.
Provision shall be made for 10% spare conductors in the multicore telecontrol cable supplied.

Ali wires and conductors shall be routed via PVC channel frunking with a removable cover. Use
should be made of trunking of sufficient capacity to easily hold the conductors and wires,

Where low voltage busbars are mounted inside panels, they must be mounted in such a manner as
not to cause a hazard to maintenance staff working in the panels. These busbars shall be provided
with translucent Perspex barriers to prevent accidental contact with the live busbars. The barriers
shali be provided with warning signs.

Where equipment is mounted on the doors of the panels, adequate flexibility of the wiring shall be
provided to eliminate any damage to the conductors.

The panels shall be provided with earthing studs for 96mm earthing cables. (QEESIBD-Z Earthing
arrangement for 3 kV DC traction substations.)

PROTECTION TEST BLOCK -

A test block shall be provided for the main overload protection relaysiand shall be fitted in the control
pane! at & height of one metre from the botiom of the control

The test block shali be the PK2 or Chamberlain & Hoolé type!

The test block shall form part of the circuitry fromuthe Se€ondary wiring of the current transformers
that terminate in the control panel and the overload protektion refays.

PANEL CONSTRUCTION.

The panels shall be constructed from steghsheting of at least 2mm thickness. The panels shall
be of a rigid construction with fagilitiés for lifting purposes.

Only on special request will the panel®be constructed from stainless steel or other rust resistant
steel.

The minimum diménsignsishall be:

Height 2100mm (InCluding metal plinth)
Width 1000mm
Depth 200, mm

ARy, deviation from the above dimensions shall be discussed with Transnet Freight Raif's electrical
staff'

The panels shali be supplied with rigidly constructed removable gland piates fitted at least 100 mm
above the metal plinth to ailow for easy access to cables. All required holes shalf be punched into
the gland plates by the successful tenderer. Any deviation from this shalt be discussed with

Transnet Freight Rail.

The panels shall be provided with hinged front doors o alfow easy access to the control equipment.
The doors shali he fitted with a handle or panel key locks. A minimum of two keys shall be supplied
with each panel.

The panels shall be fitted with dummy interior covers so as to ensure that when components are
mounted, no bolts, nuts or screws are visible on the exterlor of the panels.

The control panel(s) shalf be powder coated in accordance with SANS 1274. The finishing colours
shall be Eau-de-Nil to SANS 1091 colour No H 43 on the outside and white gloss on the inside of the

panels.
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15.8
15.9

16.10

15.11
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17.3

17.4

17.5

18.0
8.1

18.2

18.3

18.4

18.6

19.0
19.1

19.2

The controf panel shalf be mounted and secure onto 2 75mm high metal plinth.
The panels shall be insulated from the concrete floor to reduce stray currents flowing into the pansls.

The control and protective equipment shall be mounted on or within suitable panels cc;nstructed of
sheet metal and fitted with front opening hinged doors to all allow for easy access to the equipment,

The panels shall be so constructed that controf switches, indicating lamps, voltmeters and ammeters
as well as LED type flag indication devices are visible without opening the hinged front doors.

The layout of the control equipment fitted on or in the panels, which includes relays, contactors,
bushars, terminal strips efc shall provide for easy access.

The panels shall be provided with a 230V AC light with its own standby battery supply. The light
shall be switched on by means of a micro switch when the panel door is opened.

Three pin 15-ampere industrial piugs shall be supplied for both the 230V AC and 110V DC supplies.
QUALITY ASSURANCE

Transnet Freight Rail reserves the right to carry out inspection and any tests on the eguipment at
the works of the supplier/ manufacture.

Arrangements must be made timeously for such inspections to be carried out before delivery of the
equipment to the client.

SITE TESTS AND COMMISSIONING.

The contractor shall be responsible for carrying out on-site funétional testsbefore the commissioning
of the eguipment.

Acceptance by the Maintenance Engineer or the delegtedstaff of satisfactory completion of on-site
tests in no way refieves the contractor of his obligationosfectify defects which may have been
overlooked or become evident at a later stage.

Commissioning will only take place after aifdefeats have been rectified to the satisfaction of the
Maintenance Engineer or the delegated Staff.

Commissioning will include the energising of€quipment from the primary isclator to the track feeder
circuits. The contractor must proveathe satisfactory operation of equipment under live conditions.

On completion of commigSioninghe contractor will hand the equipment over to the Maintenance
Engineer or the delegaled staff in terms of the relevant engineering instructions.

DRAWINGS, INSTRUCTION MANUALS AND SPARES LISTS

Drawingsginstructionimanuals and spare parts catalogues shall be supplied in accordance with
Transnetkigight Rail's specification CEE.0224 and BBB0041.

The tepderershall supply three copies of an instruction/maintenance manuals, schematic and wiring
diagrams.

Approved schematic and wiring diagrams, which are supplied for maintenance and faultfinding, shafl
be A3. (28,7cm x 42cm).

The contractor shall submit details of spares required in accordance with specification
No. CEE.0224,

All spares recommended for normal maintenance purposes that are not available locally {requires
importation} must be highfighted.

SPECIAL TOOLS AND/OR SERVICING AIDS

Special tools or servicing aids necessary for the efficient maintenance, repair or calibration of the
equipment shall be quoted for separately.

Tenderers shali submit detailed offers for special tools and servicing aids including alf specialised
equipment required for the servicing and maintenance of the equipment supplied.
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20.0
20.1

21.0
211

21.2

21.3

214

22.0
22.1

222

TRAINING

The tenderer shalt submit details with the tender of the training courses, which will be conducted

by the contractor for the training of Transnet Freight Rail's maintenance staff in the operation and
maintenance of the equipment supplied. The courses shall include theoretical as well as practical
tuition. The date and venue of this training course shall be arranged with the maintenance manager.

GUARANTEE AND DEFECTS

The contractor shall guarantee the satisfactory operation of the complete electrical instailation
supplied and installed by him and accept liability for maker's defects, which may appear in design,
materials and workmanship.

The guarantee period for all substations shall expire after:
A period of 12 months commencing on the date of completion of the contract or the date the

equipment is handed over to Transnet Freight Rail whichever is the tater,

Any specific type of fault occurring three times within the guarantee period and which cannat be
proven to be due to other faulty equipment not forming part of this contract e.g., faulty logomotive or
overhead track equipment, etc., shall automatically be deemed an inherent defect. Such inherent
defect shall be fully rectified to the satisfaction of the Maintenance manager and at th&%suest of the

Contractor.

If urgent repairs have to be carried out by Transnet Freight Rail's staff to maintalin sipfly during the
guarantee period the contractor shall inspect such repairs to ensure that the dtarantee period is not
affected and should they be covered by the guarantee, reimburse Tiénsniet Freight Rail the cost of

material and labour.
PACKAGING AND TRANSPORT.

The tenderer shall ensure that the equipment be packéd ih suchVa manner that it will be protected
during handling and transport.

The tenderer shall provide transport for the defivery ofjthe equipment to the site where required.

END
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1.0
2.0
3.0
4.0

SCHEDULE OF REQUIREMENTS
(To filled in by the client)

OPTIONS OF CONTROL PANELS CONSTRUCTION.

Singte AC primary circuit breaker controf panel. YES / NO
Single AC/DC distribution panel. YES /NO
Combination of 1.0 and 2.0 into one panal. YES/NO
Name Plate of substation o be fitted on the control panels YES /NO

APPENDIX 3

A Division of Transnet Limited Registration Number 1990/00900/06
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SCOPE

This specification covers Spoomet's requirements for the supply of outdoor, 3 phase, 50 hertz
disconnectors combined with earthing switches for voltages above 1 000 V.

Equipment is required for instalfation at the end of overhead transmission lines to control the
power supply to traction substations and step- down points and shall consist of a 3 pole
disconnector to be connected o the line and provided with facilities to earth the "load" side of the
circuit.

STANDARDS AND PUBLICATIONS
The following publications and documents (fatest edition) are referred to herein.

SOUTH AFRICAN NATIONAL STANDARDS

SANS 121 : Hot dip galvanized costings for fabricated iron or
steel article.

SANS 60273 : Characteristics of indoor and outdodfpost insulators
for systems with nominal woltages greater than
1000 V.

SANS 60815 : Guide for selection Of “msulators in respect of
poiiuted conditions

SANS 62271-102 : High voltage swifehgear and controlgear part 102:
Alternating Current @is€onnectors and earthing
switches

SPOORNET SPECIFICATIONS

CEE.0224 : Drawings, catalogues, instruction manuals, spares
list for electrical equipment supplied under contract.

TENDERING PROCEDURE

Tenderers shall indicate clause by clflise compliance with the specification. This shall take the
form of a separate documentlisting all the specifications clause numbers indicating the individual
statement of compliance,onnons¢ompliance.

A statement ofnog-eémpliance shall be motivated by the tenderer.
Tenderers shall camplete annexure 2. “Technical data sheei.”

Tengerers Shall submit descriptive literature consisting of detailed technical spedcifications,
general constructional details and principal dimensions, together with clear illustrations of the
equipmept offered.

Failure to comply with clauses 3.1, 3.2, 3,3 and 3.4 could preclude a tender from consideration.
ANNEXURES

The following annexures form an integral part of this specification and shall be read in
conjunction with it.

Annexure 1 - "Schedule of Requirements"

Fhis annexure details the specific requirements for this application.

Annexure 2 - "Technical Data Sheet"

This annexure calls for specific technical information o be furnished with tenders.
This annexure is used during adjudication of tenders to assess the equipment offered.

Equipment described in annexure 2 shall comply with, and be supplied in ferms of this
specification, No changes or substitutions will be allowed without the written consent of Spoornet.
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4.2.3

4.24
5.0
5.1

6.0
6.1

7.0

7.1

7.2

13

7.4
7.5

7.6

Acceptance of the equipment detailed in this annexure in no way relieves the tenderer of his
obligation to fulfit his statement of compliance with the specification.

Tenderers are responsible for the accuracy of information submitted in this annexure.

SERVICE CONDITIONS

The equipment shail be designed and rated for continuous operation under the folfowing
conditions:

Alfitude : 0 to 1800m above sea level.

Ambient temperature : -5 °C to +45 °C

Relative humidity : 10% to 90%

Lightning Conditions : 12 ground flashes per square kilometre
per annum.

Poliution : Heavily salt laden or poliuted with smoke

from industrial sourges.
CLEARANCES

The following minimum safety clearances shall be maintained betWeen any live conductor and
earthed metal: -

Nominal phase fo | 22kV 33kV 44kV B8BkvV 88Kv 132kV
phase r.m.s system

voltage

Highest phase to | 24kV 36kV 48kV 72kV 100kV 145KV

phase r.m.s vollage
for equipment.

Safety clearance 320mm 430mm 540mm 770mm 1000mm | 1450mm

DISCONNECTORS CQMBINED WITH EARTHING SWITCHES
This section shall'besfead,in conjunction with SANS 62271-102

The combined AG disconnector and earthing switches shall be designed, manufactured and
testedgn ascordance with SANS 62271-102,

Disegpfiectors and earthing switches shall have been type tested to verify performance and
safetyy Psoof of these tests in the form of type test certificates shall be included in the tender
gdoeuments.

‘The disconnectors shall be provided with & means for earthing the “load" side of the circuit, either
by means of a separate earthing switch interfocked with its operating mechanism or contacis so
placed that when the disconnector Is in the “open” position, the "load” side is earthed.

The disconnectors shall be of the air-break type with the blades operating in a horizontal plane.

The disconnectors shall be so mounted that the phase-to-phase clearance for both the "open and
earthed" and "closed" positicas, shall not be less than;

22kV - 355mm
33kV - 510mm
40kV - B10mm
86kV - 88%0mm
88kv - 1,14metres
132KV - 1, 7metres

The operation of the disconnector shall be manual. (Dependent or independent).
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11.4.1

The operating mechanism shall be constructed of anti-corrcsive materal to prevent sticking due
to rust. All ferrous materiat shall be galvanised.

The operating handle shall be provided with suitable attachments to enable it to be locked in the
up (closed) position and in the down (open and earthed) position by standard locks, supplied by
Spoornet.

The operating assemnbly shall be fixed at a satisfactory operating height of approximately 1m from
the bottom of the structure.

A mechanism shall he provided to mechanically interlock the operating handle with the
associated primary circuit breaker 1o ensure that operation is only possible when the circuit
breaker is in the "open" position,

it must, however, be possible to close the primary circuit breaker when the earthing switch is in
the "earthed" position.

Electrical contacts shail be fifted to interlock the operating handle with the associated primary
circuit breaker. In the event of accidental operation or movement of the operating handle the
primary circuit breaker will be tripped before the main contacts of the AC discBhnector stars
opening.

A notice with the following inscription shall be mounted next to the operatingymnéefanism:
‘DO NOT OPERATE UNDER LOAD"

Refer to clause 11.4.2 of specification.

SUPPORT STRUCTURES

The combined AC disconnector and earthing Switches shall be rigidly mounted on robust, hot-
dipped galvanised supporting steel slructupgs®es, pdestals in accordance with SANS 121.

The supporting steel structures or pedestals shajl provide a minimum clearance of 3,6 metres (up
to 88 kV) or 4,1 metres (above 88 KV} fromi™he€ lowest "live" high voltage connection to finished
yard level, Qutline drawings submitied withitenders must indicate the actual clearances proposed.

CONNECTIONS

All high voltage cophedtiogns mitst be of the solderless, concentric grip, or other approved
solderless type, @nd_gnust™be of adequate cross-seclional area to suit both electrical and
mechanical reqliirengenisgAll connections to the disconnectors must be flexible so as not to affect
smooth operationief the'blade mechanism,

POSFINSULATORS
Fhis s€ctiop’shall be read in conjunction with SANS 80273,
Al 'pBst insulators shall be designed, manufactured and tested in accordance with SANS 60273,

Unless otherwise stated in Annexure 1, ereepage distances for heavy poliuted atmospheres shali
be in acecordance SANS 60815 Clause 4.

NAMEPLATES AND LABELS
All nameplates and labels shall be in English.

In addition to the data called for in SANS 62271-102 the nameplate of each device shall indicate
the Spoornet contract number.

Labels other than interchangeable labeis shall be fixed by screws or rivets.

All labels shall be made of composite sandwich type plastic material of the following colour
combinations:

ldentification labels: White lettering on Black background. Letters must be of sufficient size to be
clearly legible from a distance of 3 m.
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Danger labels: White lettering on Red background. Letters must be of sufficient size to be clearly
legible from a distance of 3 m.

The following is a list of approved labels referred to in the body of this specification.

on{H)

Off (D)

Open (Verb.)

Close {Verb.)

Closed

Open

Do not operate link under load.
Open and earthed.

DRAWINGS AND INSTRUCTIONS
All drawings shalt be in accordance with specification CEE-0224,

The successful tenderer shall supply the following drawings and/or instructioi®™ail.of which shall
be included in the tender price and be to the satisfaction of Spooret.

Before delivery to site three (3) sets of detailed operating and maintéhanee instructions, with
illustrations where necessary. These instructions shall be supplied with theas built" drawings.

Late submission of drawings and instructions shall incur délivery penaliies on the full contract
price.

INSPECTION

Spoomet reserves the right by prior arangefentAo inspect the equipment at any stage during
manufacture,

TOOLS AND APPLIANCES

One set of any special tools and dpplianges required for normal operation and maintenance shall
be supplied. All fittings, including “helding down hoits, etc. for the complete installation of the
equipment offered shall lie,supplied.

SPARES
Tenderers shall submit @ separate quote for recommended spares for maintenance purposes.

A detailed description of each item including manufacturer's catalogue number and item number
whepé applicable shall be furnished. Separate prices for each item shall be indicated.

Ihegparelist shall be divided into two parts, one covering items used in 38 12 month period and
thoselikely to be used in a 10 year period.

Tenderers shall aiso state whether a complete range of spares is held in stock by their loca!
representatives for subsequent purchase by Spoomet as and when required.

PACKING

The equipment shall be packed in such a manner that it will be adequately protected during
handling and transport.

END
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ANNEXURE 1

SCHEDULE OF REQUIREMENTS

Required for ..................
Number of sets required .. .........oooveeeeeee e,

System of supply ............. kV, 50 Hz, 3 phase,..............neutral

DISCONNECTOR  EARTHING SWITCH

Rated voltage: ... kv RO 47)
Rated frequency: 50 Hz 50 Hz
Rated normal current: ... A el LA
Rated shortfime ... = O T kA

withstand current;

...................................................................................................................................
...................................................................................................................................
...................................................................................................................................

END
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1.0

2.0
3.0
4.0
5.0
6.0
7.0

7.1

7.2

8.0
8.0

10.0

1.0

12.0
13.0
18,1
13.2
13.3
14.0
15.0

TECHNICAL DATA SHEET
(To be completed by tenderers and submitted as pari of their tender)

ANNEXURE 2

Spoornet Tender NUMbBEE: .. ..o e e

Name of manufacturer,
Type number

Number of poles.
Indoor/Gutdoor.

Rated voltage.

Rated insulation ievel.

Rated 1 minute power frequency
withstand voltage.

Rated lightning impulse
withstand voltage.

Rated frequency.
Rated normal current.

Rated short circuitmaking
current.

Rated shorftime withstand
current:

Massof complete unit.
Mimmum clearance in air:
Between poles.

To earth.

For isclating distance,

Type of closing mechanism.

Height above ground of lowest
HV connection,

DISCONNECTOR

EARTHING SWITCH
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16.0

17.0
17.1
172
18.0

18.1

18.2

DISCONNECTOR

Length of insulator
(taut string measurement)

Type test cedificate

Testing authority

Testnumber e
Insulators

Type test certificate
number

Testing authority

END \k

4\@\&

ANNEXURE 2

EARTHING SWITCH
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SCOPE
This specification covers Spooret’s requirernents for cables used for;

= Medium voltage reticulation systems, distribution systems, traction substation supplies, and
3 kV DC feeder applications {3,3/3,3 kV to 19/33 kV).

» Cables used far fixed installations {300/500 V to 190:/3300 V).
STANDARDS

The following publications {latest version) are referred to herein.
SOUTH AFRICAN NATIONAL STANDARDS

SANS 97 Electric cables - Impregnated paper insulated metal-sheathed cables
for rated voltages 3,3/3,3 kV fo 19/33 kV (excluding, qpressure
assisted cables).

SANS 1339 : Electric cables — Cross-linked polyethylene (XLPE) TfiSulated cables
for rated voltages 3,8/6,6 kV 1o 19/33 kv.

SANS 1507 : Electric cables with extruded solid dielectric. insulationfof fixed
instaliations 300/500 V to 1900/3300 V,

Part 1-General,
Part 3-PVC Distribution cables,

Part 4-XI.PEdistribution csgbles,
Part 5-Halogen free distyiblition cables.

APPENDIX
The following appendix forms an integral part of this specification.

Appendix 1 : Sghedule of Requirements; Details of the cable to be supplied.

TENDERING PROSEDURE

Tenderers shall indicate clause-by-clause compiiance with the specification. They shalt take the
form of awgeparate document fisting all the specifications clause numbers indicating the
individual statement of compliance or nan-compiiance.

The tendsfers shall motivate a statement of non-compliance.

Lhe tenderer shall submit technical specificalions of the cables offered.

Failure to comply with clauses 4.1, 4.2 and 4.3 could preclude a tender from consideration.
MEDIUM VOLTAGE CABLES

IMPREGNATED PAPER INSULATED.

Paper impregnated lead sheathed (PILC) cables used for reticulation systems and traction
power supplies and other applicafions shall be in accordance with SANS 97.

The voltage range for the cables shall be between 3,3kV and 33kV.
The cables shail be three core with stranded copper conductors.

The cables shall be paper insutated, screened type, lead sheathed provided with an exiruded
PVC bedding.
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51.8
51.7

51.8
519

5.1.10

51.11

5.2
5.2.1

522
52.3
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5286
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5210
5.2.11

5.1.12

5212

5213

6.0

6.1

6.2
6.3

The armouring shall be galvanised steel wire with outer extruded PVC over sheath over the
armouring.

The cable shall be so manufactured that it is fully protected against the effect of electrolysis.

Single core cables used for 3 kV DC application shall withstand a test voltage of 10,5 kV for one
minute.

Cables shali be suitable for laying directly in soil and concrete trenches.

The cables shall withstand exposure to water, corrosive conditions as well as high ultra violet
conditions caused by direct sunlight.

The cables shall be fested in accordance with SANS 97. Type test certificates shall be
submitted with the cables offered.

The packing, marking and sealing of cables and cable drums shall be in accordance with
SANS 97,

CROSS - LINKED POLYETHYLENE INSULATED (XLPE).

XLPE cables used for reficulation systems, 3kV DC traction feeders and traction power supplies
and other applications shall be in accordance with SANS 1339,

The voltage range for the cables shall be batween 3,8kV and 33e%,
Cables shall be single or three core with stranded copper condluctors,
The cables shall be type A (armoured) for single and.thrée core cables,

Single core type A cable shall be copper tape gtreehed, aluminium wire armoured and provided
with a PVC outer sheath,

Single core cables shall be rated for 3,816 6kV.

Single core cables used for 3 kV DC application shali withstand a test voltage of 10,5 kV for one
minute,

Three core type A cablg shaill be copper tape screened, galvanised steel wire armoured and
provided with a PVC dutershaath.

The manufactufe ofsthe sifigle and three core cables shall be such that the cables are fully
protected agaiust the effect electrolysis.

The cables shall be suitable for laying directly in soil and concrets trenches,

The cables snall withstand exposure to water, corrosive conditions as well as high ultra violet
gonditions’caused by direct sunlight.

The¥cables shall be tested in accordance with SANS 1339. Type test cerificates shall be
submitted with the cables offered.

Where specified flame-retardant and halogen free cables shall be in accordance with
SANS 13349,

The packing, marking and sealing of cables and cable drums shali be in accordance with
SANS 1339,

CABLES FOR FIXED INSTALLATIONS

Uniess otherwise specified single and multi-core, wire amoured, extruded PVC insulated
cables shall be used for fixed installations. The cables shall be in accordance with SANS 1507
part 1 and part 3.

The voltage range is between 300/500 V to 1900/3300 V.

Cables shall have siranded annealed copper conductors.
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The cables shall be marked according to SANS 1507 part 3. Core identification shall be by
means of colour code or numbering of the insulation.

The cable shall be so manufactured that It is fuily protected against the effect of electrolysis.

Where XLPE or halogen free cables are specified the cables shall be in accordance with
SANS 1507 parts 4 and 5.

The cables shall be fested in accordance with SANS 1507 paris 3, 4 and 5. Type test
certificates shall be submitted with the cables offered.

The packing, marking and sealing of cables and cable drums shall be in accordance with
SANS 1507,

QUALITY ASSURANCE

Spoornet reserves the right to carry out inspection and tests on the equipment at thesworks of
the supplier/manufacturer.

Arrangements must be made timeously for such inspections and type/feuiiie tests in
accordance with the cable specifications are carried out before delivery of the cables 10 the site.

INSPECTION AND TESTING

Spoornet reserves the right to carry out inspections and any tests on gables at the factory of the
supplier/ manufacture.

Arrangements must be made with The Senior Engin€es,Jechnology Management Spoornet for
inspections to be carded out before delivery of thé equipment,
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APPENDIX 1

SCHEDULE QF REQUIREMENTS
(To be completed by the client)

1.0 MEDIUM VOLTAGE CABLES
1.1 PAPER IMPREGNATED LEAD SHEATHED {PILC)
1.1.1 Rated Volage (V). .. e e e
1.1.2 Number of cores: ........................
1.1.3 Length of cables (M) ... e e e
1.1.4 Size of CoNdUCLOrs (MM ... oo e oo
1.2 CROSS LINKED POLYETHYLENE INSULATED (XLPE)

(XLPE is recommended for 3 kV DC Applications)
i.2.2 Rated Voltage (V). ... M
1.2.3 Number of COres: ... e Moo
124 Length of Cables (M) ..o e e e
1.2.5 Size of conduclors (MM®): .....ooveeeee s e e
1.2.6 Flame retardant (required/not required): ... J....

21 CABLES FOR FIXED INSTALLATIONS
211 Type of cable required:

¢ PVC Distribution®sablesy (Yes! NOY: ... e e

«  XLPE Digthibuli@n calles: (Ys/NO): ...ouiviiii et
212 Rated MORAZE (V)1 .7 o e e e
213 NUmMBBFOf COres: ..ot iveis e
214 LTGRO CabIES (M) ..o e e e e e

211.5 SIZ8 0f CONAUCIOTS (MIT): oo oo.o oo oo oo

END
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SCOPE

This specification covers Transnet Freight Rail's requirements for the installation, laying,
terminating, jointing, testing and commissioning of low and high voitage cables.
APPENDICES

The following appendices form an integral part of this specification and shall be read in
conjunction with it

Appendix 1 - "Scope of Work" - to be completed by Transnet Freight Rail (Client).
Appendix 2 - "Schedule of Requirements” — (to be completed by Tenderer).
Appendix 3 — "“Normative SANS references”

STANDARDS, PUBLICATIONS AND DRAWINGS

Unless otherwise specified this specification must be read in conjunction with the current
edition of the relevant SANS, BS and Transnet Freight Rail's specifications.

British Standards

BS 5467:  Electric cables ~ thermosetting insulated, armoured cables for voliages of
600/1000Vand 1900/3300V.

BS 6480:  impregnated paper — installed lead or lead alloy sheathe@electic €ables of rated
voitages up to and including 33 000V

South African National Standards

SANS 32:  Internal and/or external protective coatings forlsteel (9§ - Specification for hot
dip galvanized coatings applied in automatiesplants.

SANS 8§7: Electric cables - Impregnated paperdfisulated ‘Wnetal-sheathed cables for rated
voltages 3,3/3,3 kV to 19/33 kV (excluding pressure assisted cables)

SANS 121: Hot dip galvanized coatings on(fabricated iron and steel articles - Specifications
and test methods.

SANS 1339: Electric cables - Cross-liiked polyethylene (XLPE) insulated cables for rated
voltages 3,8/6,6 kV toy19/33%V

SANS 10142-1: The wiring of premises Part 1: Low-voltage installations.

SANS 10142-2: The wiripg of premises Part 2: Medium-voltage instaliations above 1 kV A.C
not exceeding™22 kV A.C and up to and including 3 000 kW installed
capacity

Transnet Freight Rail Instructions

BBD 8210 #Generaliwork and works on, over, under or adjacent to a railway lines and near
high voltage equipment

CEEQ012 - Megthod of Tendering
CEE.0R45 - Painting of steel components of electrical equipment.

GEE.0089 - Drawings of electrical equipment supplied under electric light and power
cohtracts.

Electrical Safety Instructions 2012 - High Voltage Electrical Equipment
Transnet Freight Rail Drawings

CEE PA-0105 - Precast concrete slab cover for cable protection.
CEE-PK-14 - Electrical cable route marker.

CEE-MA-307 - Route marker electrical cables.

FG 263 - Accommodation of cables in Railway formations

Statutory Requirements

Occupational Health and Safety Act and Regulations, Act 85, 1993

A Division of Transnet Limited Registration Number 1990/000900/30 Page 3 of 20
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Any items offered in accordance with other standards will be considered at the sole discretion
of Transnet Freight Rail. The tenderer shall supply full details stating where the item differs
from these specifications as well as supplying a copy (in English) of the recognised standard
specification(s) with which it complies.

TENDERING METHODS

Tenderer shall indicate clause by clause compliance with the specification. This shall take the
form of a separate document listing all the specifications clause numbers indicating the
individual statement of compliance or non-compliance. This document can be uséd by
tenderer to elaborate on their response to a clause.

A statement of non-compliance shall be motivated by the tenderer.
Tenderer shall compiete Appendix 2 — “Schedule of requirements”.

Tenderer shall submit descriptive literature consisting of detailed technical specifications,
general constructional details and principal dimensions, together with clear illustrations of the
equipment offered.

Failure to comply with clauses 4.1, 4.2, 43 and 4.4 could preclude &=ender from
consideration.

SERVICE CONDITIONS

The equipment shall be designed and rated for installation and contingous opération under the
following conditions:

Altitude: 0 to 1800m above sea lével.

Ambient temperature: -10°C to +55 °C.

Relative humidity: 10% to 90%

Lightning Conditions: 12 groundfflashies per square kilometre per annum.

Pollution; Heavilyesalf laden or polluted with smoke from industrial
soufces.

GENERAL REQUIREMNETS

The tenderer shall submit all drawings in accordance with Transnet Freight Rails Specification
CEE.0089

Where joints and temminationsyare to be done by others, the contractor shall submit detailed
instructions regardig the prdcedure recommended by the cable manufacturer.

The electrica) installation shall conform to the requirements of SANS 10142 part 1 and 2 and
shall be tefthe satisfaction of Transnet Freight Rait.

Galvafising'whefe specified shall be in accordance with SANS 32 and SANS 121.

WWerk\gn the high voltage equipment shall be carried out in accordance with the Transnet
Frelght'Rail's Safety Instructions 2012 - High Voltage Electrical Equipment.

Al work done must comply with the requirements of Occupational Health and Safety Act and
Regulations, Act 85, 1993

SURVEYS

The Contractor shall within 30 days after being awarded the contract carry out a pre-
installation route survey which shall include digging test holes and guided by the Transnet
Freight Rail's drawings to determine a suitable route.

The contractor shall determine where cables are liable to be subjected to chemical,
electrolytic, mechanical or other damage and shall submit his recommendation to the Depot
Maintenance Manager (Electrical) for approval.

The Contractor shall submit in triplicate plans of the cable routes selected to the Depot
Maintenance Manager (Electrical) for approval. Plans may be submitted in sections as the
survey progresses.
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No excavation of any section of the cable route shall commence before the Contractor is in
possession of the relevant approved plans and the Depot Maintenance Manager (Electrical)
has authorised the commencement of work on the section concerned.

After completion of all cable laying and jointing and before commissioning of any cable the
Contractor shall carry out a final "as laid" survey of the cable routes and submit plans on
fransparencies suitable for reproduction.

The cable route plans shall include the following information:
Overall length, type, size and voltage of each cable.

Accurate indication of the position of each cable joint by indicating two distances to each joint
from permanent structures.

Pipes and chambers provided.

EXCAVATIONS

Excavations shall be carried out in strict compliance with the specification BBD #8210 for
general work and works on, over, under or adjacent to a railway lines and near high voltage
equipment.

Trenching procedure shall be programmed in advance, approved by the, Depot Maintenance
Manager (Electrical) and shall not be departed from except with the cohsént of the Depot
Maintenance Manager (Electrical).

The Contractor will be advised of any known buried services sugh as gables, pipes, etc. in the
vicinity of the cable route.

When trenching the contractor shall take all necessary precautions to prevent damage to
underground services.

On encountering any uncharted service, the CogtraCtor shall promptly advise the Depot
Maintenance Manager (Electrical) who wil” gite “the necessary instructions. Additional
excavations shall be paid for at scheduled rates.

Should any underground service, watel mains,"foad pavement, drainage system, building or
any other structure be damaged hy thé\Confractor's staff, it shall be reported immediately to
the Depot Maintenance Manager (Electrical), who shall arrange for the necessary repairs. The
Contractor shall be responsiblefonthe cost of repairs.

The removal of obstructins alghg the cable routes shall be subject to the approval of the
Depot Maintenance Mahagér (Electrical) and shali be paid for at the agreed rates.

The Contractor shail net feénch beneath any railway line without departmental supervision.
Should the coftsact@r wish to carry out such work, a minimum of 14 working days notice is
required Dy the Depot Maintenance Manager (Electrical) to arrange for the necessary
supervigiomdhe gost of such supervision shall not be charged to the Contractor.

Excayvatiéns c¥ossing oil pipe lines shall not commence until an authorised representative is
present on site. The Depot Maintenance Manager (Electrical) shall be advised 14 days in
advance’when such excavations will take place.

Cable crossings of oil pipe lines shall only be at right angles.

Trenches across roads, access ways or foot-paths shall not be left open. If trenching, cable
laying and backfilling cannot be done during the same shift, the portion of trench across the
full width of the road, etc., must be temporarily backfilled and consolidated sufficiently to carry
the traffic concerned without subsidence. Alternatively, adequately strong cover plates shall
be laid across the trench.

Power driven mechanical excavators may be used for trenching operations. Transnet Freight
Rail shall not be responsible for any damage to other Services in close proximity when using
mechanical excavators.

The Contractor shall provide shuttering in places where the danger exists of the trench
collapsing, and causing damage to formations or other nearby structures.

Shuttering shall be paid for at scheduled rates.
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Trenches shall be as straight as possibie and the bottom of each cable trench shall be firm
and of smooth contour without sharp dips or rises which may cause tensile forces in the cable
during backfilling.

Trenches shall have no sharp objects which may cause damage to the cable during laying or
backfilling.

The unfinished depth of trenches unless otherwise stated shall be as follows:
HV cables and associated pilot cables = 1 000 mm.
LV cables and separate pilot cables = 750 mm.

The width of the french unless otherwise stated shall be 500 mm for one or two HV cables and
associated pilot cables, and shall increase by 300 mm for each additiona! HV cable and ifs
associated pilot cable.

The width of the trench at any bend or places where cable slack is required, shall be such that
the bending radius of the cables shall not be less than that specified for the particular cable as
per specifications SANS 97 and SANS 1339.

Trenching in railway formations shall be in accordance with Transnet Freight Rail$ drawing
FG 263,

The material excavated from each french shall be placed in such a magnér astto prevent
nuisance or damage to adjacent ditches, railway lines, drains, gatewéjssanthotfier properties
and shall not interfere with traffic.

Where, owing to certain considerations, this is not possible the'excavated materials shall be
removed from site and be returned for refilling the trench onfcomplétiefi of iaying.

When excavating close to railway tracks, the ballast mUiStshe covered by tarpaulins or other
sheeting to prevent soiling.

Removal of accumulated water or other liquid fref¢répches shall be done by the Contractor at
his expense. The Contractor shall provide alllpump$ and appliances required to carry out this
operation. Water or any other liquid peffioved _shall be disposed of without creating any
nuisance or hazard.

Transnet Freight Rail reserves the Fight to'aiter any cable route or portion thereof prior to cable
laying. Payment in respect of afyhadditional work involved shall be at scheduled rates.

CABLE LAYING

GENERAL

All possible care,shall be'exercised in handling cables on site.
Any drum&f cable showing signs of damage shall not be used.

The ptitef covgsing (insulation) of cables shall not be damaged in any way and cables shall
nobbe\bent'at radii less than allowed by the manufacturer.

When cable is supplied by the contractor, the drums thereof remain the property of the
Ceptractor and shall be removed from the site and disposed of by the contractor.

Cable pulling and laying shall be done manually unless otherwise approved by the Depot
Maintenance Manager (Electrical). No cable shall be subjected to a tension exceeding that
stipulated by the cable manufacturer.

IN TRENCHES

High Voitage cables shall be spaced at a minimum of 300 mm apart (centre to centre).
Low Voltage cables shall be spaced at a minimum of 150 mm apart {centre to centre).
Pilot cables shall be laid beside the associated power cables.

High Voltage and Low Voitage cables (and pilot cables not associated with High Voitage
cable} shall be spaced at a minimum of 300 mm apart.
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Pilot cables, when they are routed separately from their associated power cables, may be run
next to one another,

Single core low voltage cables to be clamped in trefoil formation.

Where the cable cannot be laid down at the specified depth, prior authority shall be obtained
from the Depot Maintenance Manager (Electrical} by the Contractor to protect the cable by
means of 150 mm diameter half round concrete pipes with 50 mm concrete slab coverings or
other approved methods.

Where cables have to be drawn around corners well lubricated skid plates shall be used. The
skid plates shall be securely fixed and constantly examined during cable laying operations.

Suitable rollers may be used during the laying of cables.

Cables shall be visually inspected for damage during and after laying. Any damage shall be
reported immediately to the Depot Maintenance Manager (Electrical) who will issue the
necessary instructions.

IN SLEEVE PIPES

All cables crossing beneath roads and pavements shall be enciosed in cement or RVC pipes
with a minimum internal diameter of 150mm. The Depot Maintenance\Mapager (Electrical)
shall be advised timeously of the locations and guantity of pipes fo beydaid andehambers to be
provided by others. Separate lengths of pipe shali be properly joinied.

Pipes shall maintain or exceed the specified cable spacing.
Only one High Voltage cable shall be laid per pipe.

Pipes shall extend at least 1 m on either side of #f&yoad er pavement formations and shall
maintain the specified cable depth. All pipes shall\bg/graded for water drainage: the required
grade is 1:400.

All cables crossings underneath railway=tsacks shall be in pipes in accordance with Transnet
Freight Rail's drawing FG 263.

IN DUCTS AND BUILDINGS
Concrete ducts and pipes withi Buildings will be provided by others.

Before installing cable$, the duets are to be inspected to ensure that they are suitable and
clean as not to damiagetthe cables.

The cables arg to be neéatly positioned and cross overs are to be avoided,

Steel cheCkep plateés over ducts will be supplied by others. The tenderer will however be
requized, tefcutgall the slots for emerging cables. These slots are to be neatly cut and
smgothed todvoid damage to the cable.

The Ceptractor shall supply all cable trays, racks, wooden cleats or other supports required to
atlequately support cables not laid in ducts.

Cable trays or racks shall be of reinforced glass fibre or steel suitably treated to prevent
corrosion, Steel trays, racks and other supports shall be galvanised in accordance with
SANS 32 and SANS 121 when used within 50 km of the sea or inland exposed conditions.

Where cable enters buildings sufficient measures shall be installed to ensure no
moisture/water is digressing into the ducts. A sealing system based rubber modules from multi
removable layers may be used.

UNDER BRIDGES AND IN TUNNELS

Where a cable route can only be against the concrete wall of a bridge or tunnel the cabie shall
be supported on:

Suitable brackets at 750 mm intervals or.
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Brackets shall be of robust design and shall be galvanised and painted in accordance with
Transnet Freight Rail's specification CEE.0045.

The height of the cable route on the brackets or strain wire shall be determined and agreed
upon on site.

The brackets or strain wire shall be supplied and installed by the contractor.
CROSSING OF PIPELINES AND OTHER CABLES

Cables shall pass beneath pipelines with a 300 mm minimum clearance between the top of
any cable and the bottom of any oll pipe.

The level of any cable at an oil pipeline crossing shall be maintained for not less than 3 m on
either side of the centre line of the pipeline or on either side of the centre line of the outermost
pipelines where there is more than one pipeline on the same route.

Where cables cross communication or signal cables, at least 300 mm of fill shall be provided
between the two cables. In addition a concrete slab in accordance with Transr@tkgeight Rail's
drawing CEE PA-0105 shall be placed between the two cables parallei to the lower Gable.

IN RAILWAY FORMATIONS

Cables to be accommodated in railway formations shall be laidsfmaceordance with Transnet
Freight Rail's drawing FG 263.

SECURED TO POLES

Cables to be terminated at disconnectors (isolators) mdunted on wood, concrete or steel
poles, shall be clamped onto such structures by means of stainless steel straps applied at
such a tension that the cable or cable sheatinis\iot damaged. Straps shall be located at
intervals of not more than 1,2 m.

Cables shall be protected by a pipe @r boxetms€ction of galvanised steel or other approved
material for a distance of 250 mm ‘kelow/land 600 mm above ground level, strapped or
screwed to the pole at a minimum of twe™Points and connected to the earth connection, if of
steel construction.

Straps and pipes shall b€ supplied and installed by the Contractor.
EXPOSED CONDITIONS

Whenever cables enten buildings or tunnels, or where excavations are not permitted down
banks or giits, thesngkposed portion shall be suitably protected by means of concrete slabs, or
suitable Steglpipes or boxed sections which shall be galvanised in accordance with SANS 32
and SANS 21

These pipes or boxed sections shall be firmly secured to the bank or cut, at regular intervals.
All such material shall be supplied and installed by the Contractor.

Stake routes shall only be supplied when specifically called for in Appendix 1.

CABLE TERMINATIONS

GENERAL

All cables shall be terminated and connected to the respective equipment, whether provided
by the Contractor or by others.

Jumpers between cable end boxes and disconnectors shall either be short enough to be
rigidly self supporting, or shall be supported on suitably pfaced pin insulators.

Termination of cables on outdoor equipment shall not be done during inclement weather
conditions.
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Both ends of each cable shall be identified by means of embossed stainless steel strips
clamped around the cables. The characters shall have a minimum height of 6 mm.

All materials necessary for cable termination shall be provided by the Contractor.
The confractor shall ensure that correct phase rotation is maintained throughout.

Glands of cables terminating on equipment provided with frame leakage protection shall be
insulated from the frame by high grade non-deteriorating, non-hygroscopic insulation, at least
2 mm thick, capable of withstanding a test voltage of 4 kV DC for one minute.

HV Cables

The cable armouring shall be bonded with an approved copper bond to the cable end box at
one end of the cable only as directed by the Depot Maintenance Manager (Electrical). This
bond shail be easily removable for testing purposes.

Where for any reason a cable cannot be terminated, sufficient length of cable shall be left to
reach the cable end box position. The cable shall be coiled and buried or otherwise(protected.
The cable end of paper insulated cables shall be capped immediately with a_plumbed lead
seal. Other cables shall be sealed with suitable tape.

LV Cables {and Pilot Cables)

All cut ends of cables are to be sealed with suitable tape, or other apprG¥edyneans until they
are ready to be terminated.

The cables shall terminate in compression type glands, brass%er bfonze, suitable for PVC
SWA ECC cables.

The glands shall be fitted with neoprene shrouds ofcBiTosion guard to prevent the ingress of
moisture and dust at the point of cable entry.

CABLE JOINTS
General

Jointing shalt be carried out strictly in aceardance with the manufacturer's jointing instructions
and by artisans thoroughly exgeienced and competent in jointing the classes of cables used.
They shall be adequately sugeryisedito ensure the highest quality of workmanship.

Jointing shall not be cafriedfout during inclement weather.
The cores of cables shall hgfointed number to number or colour to colour.
The joinis shali ffetimpair the anti-electrolysis characteristics of the cables.

The condUetér bridging the armouring shall be adequate to carry the prospective earth fault
curgght.

A through joint shall only be permitted after every full drum length of cable.

Each cable joint shall be identified by a non-corrodible label fixed securely to the top of the
joinit. Each label shall have stamped on it, in characters having a minimum height of 10 mm,
the identification of equipment at each end of the cable concerned.

Transnet Freight Rail reserves the right to be present during jointing operations to familiarise
themselves with any special technigues.

No joint shall be situated inside a cable pipe.
COVERING, BACKFILLING AND REINSTATEMENT

Filling of trenches shail not commence before the Depot Maintenance Manager (Electrical) or
his authorised representative has inspected and approved the cables and cable joints in situ in
the section of trench concerned.
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11.2

11.3
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Trenches in railway formations shall be backfilled and reinstated in accordance with Transnet
Freight Rail's drawing FG 263,

All other trenches shall be backfilled and reinstated as follows:

Two 75 mm thick layers of soil sifted through a 6 mm mesh shall be laid directly under and
over the cables respectively and consolidated by hand ramming only.

11.3.1.1 Only soil with a thermal resistivity of 1,5 degrees C.m/watt, or lower may be used for this

PUrpose.

11.3.1.2 When necessary imported fill shall be arranged by the Contractor and paid for at scheduled

rates.

11.3.1.3 The backfill material shall be free from rubble/stones or foreign material.

11.3.2

11.3.3

11.3.4

11.3.5

HV cables shall, where likely to be mechanically damaged as decided by the Depot
Maintenance Manager (Electrical), be protected by concrete slabs (to Drawing CEE RA-0105)
to be supplied and laid by the Contractor on top of the sifted soil. These slabs shall be laid
close-butted, convex end to concave end, directly above each HV cable theoughout the
underground portion except where otherwise protected as by pipes, etc. Oply unbroKen cable
protection slabs may be used, and only slabs actually laid will be paid for.

Reinforced resin protection trench covers might also be used instead of'eaciete slabs. These
covers shall be made of material which is flame retardant, non toxi€ and €orrosion resistant.

The minimum dry densities of backfilling after compaction shall be notJess than 1600 kg/cubic
metre.

All excavations made (whether for the purpose of cable layigg, joint bays or trial holes) shall
be back-filled in 150 mm layers, the earth in eachYayer being well rammed and consolidated
and sufficient allowance being made for settlefient, The back-filling shall be completed to the
satisfaction of the Depot Maintenance Manager (Efgctrical). If necessary, water shall be used
to obtain the specified compacted depSity. Any£able damaged during backfilling shall be
replaced by the Contractor at his own expensg.

11.3.5.1 Backfilling at pipe entries shall Be such as not to stress or damage the cable during

11.3.6

11.4

11.5
11.6

12.0
12.1

compaction from the top.

A continuous plastic cable warmiig tape, to drawing CEE-MA-307 shall be laid directly above
each HV cable, 150 qurmibélow,the normal surface leve! and run for the fulf length of the cable
before completing the hackifilling.

The back filled trench shall be maintained in a thoroughly safe condition by the contractor for
the duratieh ofthe contract.

All haCk fillinghof road crossings shall be mechanically rammed.

Final surfacing of roads shall be restored by others unless called for under "Scope of Work",
AppendiX 1.

Concrete cable route markers shall be provided and installed by the contractor in accordance
with drawing CEE-PK-14.

Pipes shall be filled with a sand/water mixture to also have a thermal resistivity of 1,5 degrees
C.miwatt or lower when dry. The sand used in the mixture shall be chemically tested not to be
harmful to the cable outer sheath.

MEASUREMENTS

All measurements for payment purposes shall be made jointly by representatives of the
Contractor and Transnet Freight Rail and shall be agreed upon by both parties. The
Contractor shall be responsible for obtaining the Depot Maintenance Manager (Electrical)'s
signed approval of such measurements.
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12.2

12.3

12.4

12.5

12.5.1

12.5.2

13.0
13.1
13.2

133

13.4

135
13.6
13.6.1

13.7

13.7.1

13.7.2

13.7.3

Measurements of cable length shalt be made from centre to centre of cable joints and to the
cable ends and will exclude any wastage due to jointing and terminating.

When cable is drawn through pipes, only the portion remaining in the pipe will be paid for at
the rates quoted for "as installed in pipes".

Determination of trench volume for measurement purposes shall be based on measured
length and specified width and depth. No allowance shall be made where trenches have to be
widened at the bottom to accommodate cables, cable joints and protection slabs.

The classification of different types of ground for measurement purposes shall be as follows:

Soft rock will be taken as broken or friable rock which can be removed by pick or mechanical
excavator or paving breaker. This includes hard clay.

Mard rock will be taken as rock which cannot be removed by a mechanical excavator and
requires drilfing and blasting or splitting. This includes reinforced or plain concrete.

TESTS
The costs of all post-installation tests shall be borne by the Contractor.

The Contractor shall be responsible for remedial work necessary due % damages caused
during tests.

Transnet Freight Rail reserves the right to carry out any further te€ts deetied necessary, using
either the Contractor's instruments and equipment or its own, orboth. The costs of such tests
will not be charged to the Contractor.

Test instruments shall be of the accuracy class. Calibratign certificates from a recognised
testing authority shall be available for inspection an@ shall not’be older than one year.

Time measurements shall be carried out using’an&pproved digital timer.
The final commissioning site tests will bgs€arried out by Transnet Freight Rail.

A suitably qualified staff member of the'€ontractor shall assist Transnet Freight Rail during the
tests and shall carry out any remedijal work"Where necessary.

The contractor shall notify 4he\Depdt Maintenance Manager (Electrical) in writing 4 weeks
before the commissioning datésand shall have carried out the following site tests before such
date:

Prove the continuity\and,instlation resistance of the multicore pilot cables.

Verify thathe insulation level between frame and earth of switchboards fitted with frame
leakage prete€tion is not reduced by the installation of the cables.

Thedollowing Voltages withstand tests on each completed cable run:

13.7.3.4Paper insulated cables:

(M\Rating up to 12,7/22 kV shall be tested in accordance to SANS 97.
(ify Rating 19/33 kV shall be tested in accordance to BS 6480.

The extruded PVC impermeable serving shall withstand a test voltage of 10 kV DC between
armouring and earth for 1 minute.

The insufation between armouring and lead sheath shall withstand a test voltage of 4 kV DC
for 1 minute.
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13.7.3.2 XLPE Insulated Cables:

13.7.4

14.0
14.1

14.2

14.3

14.4

14.5

14.6

All cables rated up to 19/33 kV shall be tested in accordance to SANS 1339, and cables rated
up to 1,9/3,3 kV shall be tested in accordance to BS 5467.

Where a new XLPE cable is o be joined to an existing XLPE Cable, the test shall differ, in that
a 4 kV DC test voltage shall be applied for one minute between the brass screens of the cores
and the armouring. The outer sheath shall withstand a test voltage of 10 kV DC for 1 minute
between the armouring and earth.

The Contractor shall submit three copies of certified test reports to the Depot Maintenance
Manager (Electrical) within three weeks after completion of the tests.

GUARANTEE

All work undertaken by the Contractor shall be subject to a guarantee for a period of one year
against faulty and/or inferior workmanship and material.

The guarantee period shall commence the day the installation is formally handed fover to and
accepted by Transnet Freight Rail.

The Contractor shall undertake to repair all faults or defects due to bad Werkmanship and/or
faulty materials, and to replace all defective equipment or materials during ife guarantee
period.

Any defects that may become apparent during the guarantee [period\shali be rectified to the
satisfaction of, and free of cost to Transnet Freight Rail.

The Contractor shall undertake work on the rectificatien,of any defects that may arise during
the guarantee period within 7 days of his beingfGtified ey Transnet Freight Rail of such
defects.

Should the Contractor fail to comply with thg requirements stipulated above, Transnet Freight
Rail shall be entitled to undertake the ngeessary repair work or effect replacement of defective
apparatus or materials, and the Contrdct shall réimburse Transnet Freight Rait the total cost of
such repair or replacement, including the labour costs incurred in replacing defective material.
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15.0

1.0

APPENDIX 1
SCOPE OF WORK
(To be filled by the client)

Site inspection required (Yes/No)..............

N
Client's Signature: ................................. !
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16.0  APPENDIX 2

SCHEDULE OF REQUIREMENTS
(To be filled by Tenderer)

ITEM NO. DESCRIPTION ESTIMATED UNIT UNIT TOTAL
QUANTITY RATE
1.0 Route surveys compiete
2.0 Excavations in
a) Hard rock /eubic metre
b) Soft rock fcubic metre
c) Soil lcubic metre
3.0 Transportation of soil /cubic metre
4.0 Shuttering /m
5.0 Concrete slabs supplied each
and installed
6.0 Plastic cable warning

tape supplied and

instalied /m
7.0 150 mm dia. half round

concrete pipes supplied

and installed /m
8.0 150 mm dia. Cement or PYC

pipes suppiied and installed m
9.0 Cutting of checkef

Plates /m cut
10.0 Backfiliing of trenches

with soil feubic metre
11.0 Backfilling of trenches

with™10:1 soil/cement mix fcubic metre
12.0 importation of soll /cubic metre
13.0 Concrete cable route

markers each
14.0 Reinstate tarred

Surface fcubic metre
15.0 Reinstate concrete

Surface /cubic metre
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ITEM NO.

16.0
16.1
16.1.1

16.1.2

16.2
16.2.1

DESCRIPTION ESTIMATED
QUANTITY

Installation of cables
installed in trenches
High Voltage Cables
240 mm sq

185 mm sq

120 mm sq

95 mm sq

16 mm sq

Other sizes

Low Voltage Cables

Installed in sleeve pipes
High Voltage Cables
240 mm sq

185 mm sq

120 mm sq

95 mm sg

16 mm sq

Other sizes

16.2.2 Low Voltage Cables

16.3 Installed in ducts
16.3.1 High Voltage Cables
240 mm sq

185 mm sq

120 mm sq

95 mm sq

16 mm sq

Other sizes

UNIT

/m

m

mm sq
mm sq
mm sq

mm sq

m

/m

mm sq
mm sq
mm sq

mm sq

m

UNIT
RATE

TOTAL

A Division of Transnet Limited Registration Number 1990/000900/30
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ITEM NO. DESCRIPTION ESTIMATED
QUANTITY
16.3.2 Low Voltage Cables
..... Core
..... Core oL
..... Coren i,
..... Core...ovniii L

17.0 Installation of cables
(Special conditions)
17.1 Cable supports
17.1.1 High Voltage Cables
240 mm sqg
185 mm sq
120 mm sq
85 mm sq
16 mm sq
Other sizes
17.1.2 Low Voltage Cables

17.2 Securing cables to poles
17.2.1 High Voltage Cables
240 mm sq
185 mm sg
120 pim'sq
95%NM sq
146 mm sq
Other sizes
17.2.2 Low Voltage Cables

UNIT

m

mm sq
mm sq
mm sq

mm sq

/m

/m

rm sq
miusa
mm sq

mm sq

/m

/m

mm sq
mm sq
mm sq

mm sq

UNIT
RATE

TOTAL

A Division of Transnet Limited Registration Number 1990/000900/30

Page 16 of 20



CEE-0023 1852012

ITEM NO. DESCRIPTION ESTIMATED

17.3

17.3.1

17.3.2

17.4

17.4.1

17.4.2

18.0

QUANTITY
Securing cables to
concrete/tunnel walls
High Voitage Cables
240 mm sq
185 mm sq
120 mm sq
95 mm sq
16 mm sq
Other sizes

Low Voltage Cables

instaliation of cables
in track formations
High Voltage Cables
240 mm sq

185 mm sq

120 mm sq

95 mm sq

16 mm sqg

Other sizes

Low Voltage Cables

Cable terminations
complete (Supply
material, terminate

and connect up).

UNIT

m

m

mm sg
mm sq
mm sq

mm sq

fm

/m

mm sq
mm sq
mm sqg

mm sg

UNIT
RATE

TOTAL

A Division of Transnet Limited Registration Number 1990/000900/30
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ITEM NO.

18.1
18.1.1

18.1.2

18.2
18.2.1

18.2.2

XLPE cable
High Voltage
terminations
240 mm sg
185 mm sq
120 mm sq
95 mm sq

16 mm sq
Other sizes
Low Voltage

terminations

PILC SWA cable
High Voltage
terminations

240 mm sq

185 mm sq

120 mm sq

95 mm sq

16 mm sq

Other sizes

Low \iéliage

tefmindtions

DESCRIPTION ESTIMATED

QUANTITY

UNIT

each

each

mim sq
mm sq
mm sq

mm sq

eath

each

mim sq

mm sq

mm sq

mm sq

UNIT
RATE

TOTAL

A Division of Transnet Limited Registration Number 1990/000900/30
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ITEM NO. DESCRIPTION ESTIMATED UNIT
QUANTITY
19.0 Cable joints complete
(Supply material, terminate and connect up)
19.1 PVC to PVC each
240 mm sq
185 mm sqg
120 mm sq
95 mm sq
16 mm sq
Other sizes
19.2 XLPE to XLPE each
240 mm sqg
185 mm sqg
120 mm sq
895 mm sq
16 mm sq
Other sizes
19.3 PILC to PILC €ach
240 mm sq
185 mm sq
120 mm sq
95 mm sq
16 mm sq
Other sizes
19.4 XLPE to PILC each
2404Mmisq
185 mim sq
¥20 mm sq
95 mm sq
16 mm sq

Other sizes

UNIT
RATE

TOTAL

A Division of Transnet Limited Registration Number 1980/000900/30
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17.0 APPENDIX 3

SANS 1411 - 1:
SANS 1411 - 2:
SANS 1411 - 3:
SANS 1411 - 4.
SANS 1411 - 5:
SANS 1411 - 6:
SANS 1411 - 7:
SANS 1507 — 1:
SANS 1507 — 2:
SANS 1507 - 3:
SANS 1507 — 4:
SANS 1507 ~ 5:

SANS 10198 - 1:

SANS 10198 - 2:
SANS 10198 - 3:
SANS 10198 — 4:
SANS 10198 - b:
SANS 10198 - 6:

SANS 10198 - 7:

Materials of insulated electric cables and flexible cords Part 1: Conductors.
Materials of insulated electric cables and flexible cords Part 2: Polyvinyl chloride
{PVC).

Materials of insulated electric cables and flexible cords Part 3: Elastomers.
Materials of insulated electric cables and flexible cords Part 4: Cross-linked
polyethylene (XLPE).

Materials of insulated electric cables and flexible cords Part 5: Halogen-free,
flame-retardant materials.

Materials of insulated electric cables and flexible cords Part 6: Armour.

Materials of insulated electric cables and fiexible cords Part 7: Polyethylene
(PE).

Electric cables with extruded solid dielectric insulation for fixed installations
(300/500 V to 1 900/3 300 V) Part 1. General.

Electric cables with extruded solid dielectric insulation for fixed instaliations
(300/500 V to 1 900/3 300 V) Part 2: Wiring cables.

Efectric cables with extruded solid dielectric insulation for fixed installations
(300/500 V to 1 800/3 300 V) Part 3: PVC Distribution cables

Electric cables with extruded solid dielectric insulation far fixed instaliations
(300/500 V to 1 900/3 300 V) Part 4: XLPE Distribution cables

Electric cables with extruded solid dielectric insulation, forfixed installations
(300/500 V to 1 900/3 300 V) Part 5: Halogen-free diStribution cables.

The selection, handling and installation of electrig, powgr cables of rating not
exceeding 33 kV Part 1: Definitions and statut@ry requisefents.

The selection, handling and instaliatigfief elgtric power cables of rating not
exceeding 33 kV Part 2: Selection of Gable type and methods of installation.

The selection, handling and ingtalfation, of electric power cables of rating not
exceeding 33 kV Part 3: Earthing syst@ms - General provisions.

The selection, handling afd installation of electric power cables of rating not
exceeding 33 kV Part 4: Gurrentfratings.

The selection, handling anduiriStallation of electric power cables of rating not
exceeding 33 kV Rart §: Determination of thermal and electrical resistivity of soil.
The selection,shandiifg) and instaliation of electric power cables of rating not
exceeding 33 kV Paft 6: Transportation and storage.

The selectiogn’ handling and installation of electric power cables of rating not
exceeding, 33k¥ Part 7: Safety precautions.

A Division of Transnet Limited Registration Number 1990/000900/30
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SPECIFICATION NO. CEE.0111.99

SPOORNET
(INFRASTRUCTURE)(ELECTRICAL)

THIS {SSUE CANCELS
SPECIFICATION NO.
CEE.0111.84

SPECIFICATION FOR 25K¥AC TRACTION SUBSTATIONS

This specification covers Spoornet'siréquitements for the design, manufacture, testing, installation and
commissioning of 25kVYACL Single phase substations for an electric traction system.
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SECTION 1 - SUBSTATION DESIGN INFORMATION

1.0 SCOPE

1.1 This specification covers Spoornet’s requirements for the design, manufacture, testing, installation
and commissioning of 25kV 50 herfz AC single phase traction substations for feeding the
overhead track equipment of the Spoornet’s AC traction system. Adjoining the Spoornet substation
yard will be an Eskom yard. The equipment in the Eskom yard, including the earth mat wiil be
provided and installed by others.

2.0 STANDARDS

2.1 Unfess otherwise specified all materials and equipment supplied shatl comply with the current
edition of the refevant SABS, BS, IEC or Spoornet publication where applicable.

The following publications are referred to in this specification:

2.2 South African Bureau of Standards

SABS 03-1985 - The Protection of Structures against Lightning
SABS 150 - PVC insulated Electric Cables and Flexible Cords
SABS 156 - Moulded Case Circuit Breakers

SABS 555 - insutating Qil for Transformers and Switchgear (uninhibifeey
SABS 763 - Hot-dip Galvanised Zinc Coatings
SABS 780 - Distribution Transformers

SABS1019 - Standard Voltages, Currents and Insulation Levels.for Electricity Supply

SABS1035 - Insulated Bushings

SABST1091 - National Colour Standards for Paint

SABS51222 - Enclosures for Electrical Equipmenit

SABS1289 - Direct Acting Indicating Electrical Medsuring Instruments and their
Accessories

SABS(0142 - The Wiring of Premises

2.3 International Electrotechnical Commission
IEC 56 - High Voltage AlternatingsGufrent Circuit Breakers
[EC 76 - Power Transfarmers
IEC 129 - Alternating, CtirrehiiDisconnectors and Earthing Switches
IEC 354 - Loading Guidefor Oil Immersed Transformers

24 British Standards Institution
BS 159 - Busbars and Busbar Connections
BS 162¢ Electric Power Switchgear and Associated Apparatus
BS2692 - Fuses for Voltages Exceeding 1000V AC
BS291¢ - Surge Diverters for Alternating Current Systems
BS3038 - Current Transformers
383955 Electrical Controls for Domestic Appliances
BS4360 - Specification for Weldable Structural Steels
BS5311 - AC Circuit Breakers of Rated Voltage above 1kV

25 Spoornet

CEE.0224.94 - Drawings, Catalogues, Instruction Manuals and Spares
CEE 0040.83 - Manual or Motor Operated 25kV Track Sectioning Switches
CEE.0045.96 - Painting of Steel Components of Electrical Equipment
CEE.0085.84 - Self Contained Battery and Battery Charger Units

2.6 Any items offered in accordance with other standards will be considered at the sole discretion of
Spoornet. The tenderer shall supply full details stating where the item differs from these
specifications as well as supplying a copy (in English) of the recognised standard specification(s)
with which it complies.
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3.0
3.1

4.0
4.1
42

4.3
4.4

4.5

4.6

47

4.8

49

5.0

51

52

5.3

5.4

5%

6.0
6.1
6.2

APPENDICES

The following appendices form an integral part of this specification:
APPENDIX 1 : Substation sites (names and locations) and degree of poliution.
APPENDIX 2 : Schedule of requirements for AC traction substations.
APPENDIX 3 : Schedule of drawings supplied by Spoornet,

DEFINITIONS
"Single unit substation” refers to a substation to be provided with one traction transformer.

"Double unit substation " refers to a substation to be provided with two traction transformers, a
busbar coupler and associated equipment.

“Substation” refers to a traction substation

“Local” operation refers to a condition in which a circuit breaker can only be switched bygoperating
the breaker controls provided in the substation.

‘Remote” operation refers to a condition in which a circuit breaker can only be switched by
operation of a control system from a location remote from the substation

Breaker "remain open” refers to a breaker that trips and stays in the opempositien aifd can be
closed from local or remofte.

A circuit breaker that is open and has an “operational inhibit” refers to a cendition in which the
breaker can not be closed until certain conditions return to normal. {thersgal protection,
undervoltage protection etc.)

"LLockout” of a circuit breaker refers to a condition wherylocaltmanuat reset of the control circuit is
required before any attempt to close the circuit bredker gan be made.

“Technical Officer” Is the person appointed by/Spoarnet to manage and administer the contract
works.

TENDERING PROCEDURE

Tenderers shall submit a maipyofféy in duplicate, complete in every respect in compliance with the
specification.

Tenderers shall indiegite clause By clause compliance or non compliance with the specification.
This shall take the$ormfof a separate document listing all the specifications clause numbers
indicating the individual Statement of compliance or non compliance. This document can be used
by tenderersito elaborate on their response to a clause.

A statemesit of non compliance shall be motivated by the tenderer.

Bauipmenttype test certificates as specified shall be submitted with the tender. These shall be in
English or a certified translation,

Tenderers shall submit descriptive literature consisting of detailed technicat specifications, general
constructional details and principal dimensions, together with clear illustrations of the equipment
offered.

GENERAL REQUIREMENTS
The primary supply voltage shall be as specified in the schedule of requirements.

The locations of the substations to be provided, as well as the differing requirements to suit any
particular substation are given in Appendices 1 and 2.
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6.3

6.4

6.5

6.7

6.8

6.9

6.10

7.0
7.1

Equipment / Installations supplied shall be in terms of this specification. Deviations from the
specification will not be atlowed without the written consent of the Technicat Officer.

Spoornet reserves the right to subject material and equipment offered to test or inspection to check
compliance with the clauses of this specification prior to adjudication or at any stage during
manufacture.

The onus to prove compliance to the specification shall rest with the tenderer during the tender
stage and with the successful tenderer once the contract has been awarded.

The successful tenderer wilf be responsible for all costs caused by modifying or replacing
equipment accepted by Spoornet on the grounds of his statement of compliance and found by
Spoornet not to comply.

Acceptance by the Technical Officer of the equipment / installation offered in no way relieves the
successful tenderer of his obligation to fulfil his statement of compliance with the specification,

All equipment shall be adequately earthed, insulated, enclosed and interlocked to ensure the safety
of staff (operators) as well as equipment,

Any portion of the equipment which may be likely to cause injury to staff or fire by beingfverloaded
or failing, or by an arc set up by the equipment in operation, shall be so arranged as,to prevent the
possibility of injury to staff as well as preventing damage to other equipment.

SERVICE CONDITIONS

The equipment shall be designed and rated for operation under theifollowing service conditions '

Altitude : Grtg,1'800m above sea level
Ambient temperature range : Minus 5°C to plus 50 °C
Relative humidity 0% to 90%

Wind pressure on

equivalent projected

area normail to direction

of wind 1 750Pa

Lightning conditions : 5,5 Flashes/km?annum
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8.0

8.1

8.2

8.3

9.0

9.1

9.2

INSULATION LEVELS

Insulation levels for high voltage equipment shall be in accordance with the recommendations of

SABS 1019.

Secondary equipment at 25kV {phase to earth) shall have a rated insulation level based on an
equivalent 3 phase system with a highest voltage for equipment of 52kV rm.s, i.e., a rated lightning
impulse withstand voltage of 250kV peak, and a rated power frequency withstand voltage of 95kV

.m.s.

Primary equipment (voltages phase to phase r.m.s) shali have a rated insulation Jevel based on an
equivalent 3 phase system as indicated in the following table:

Nominal system voitage

Highest voltage for equipment

Rated lightning impuise
withstand voltage

Rated power-frequency
withstand voltage

CLEARANCES

86kV

72,5kV

350kV

140kV

88kV
100kV
380KV

150kV

220kV
245K\,

850kV

360kV

The following minimum earth clearances shall be maintdimed between any conductor or metal
normally alive and earthed metal -

Nominal System
Voltage

Outdoor

indoor

29kV

540mm

300mm

66k

770mm

88kV

1000mm

132kV

1450mm

220KV

1850mm

The following minimg@m safety clearances shail be maintained between any conductor or metal
normally alive apdiground sutface level:-

Nominal system
voltage

Vifithin €ecurity fence

Qdtsidersecurity
fence but within
Spoornet’s reserve

Quiside Spoornet's
reserve

25kY

3400mm
5400mm

5400mm

86kV

3270mm

5700mm

5700mm

88kY

3500mm
5900mm

5900mm

132kV 220kV
3950mm 4350mm
6300mm 6700mm
6300mm 6700mm
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10.0
10.1

10.2

10.3

1.2

1.3

11.3.1

11.3.2

11.3.3

CREEPAGE DISTANCES

The insulators or bushings provided on all high voltage AC disconnecting switches, circuit breakers
and transformers shall comply with the requirements of SABS 1035.

Secondary equipment at 25kV {phase to earth) shall have creepage distances based on an
equivalent 3 phase system with a highest voltage of the system of 48kV r.m.s, i.e. 960mm and 1
200mm for normal and extremely polluted areas respectively.

Primary equipment (voltages phase to phase) shall have creepage distances based on an
equivalent 3 phase system in accordance with the following table:

Nominal system voltage BEkY 88kY 132kV 220kV
Highest voltage for equipment 72,5kV 100kV 145kV 245kV
Normal or light poltution 1150mm 1600mm 2320mm 3920mMm
Heavy Pollution 1660mm 2300mm 3340mm 6640mm

PREVENTION OF CORROSION
Preparation of outdoor structural steelwork.

Steelwork for outdoor installation in inland areas, i.e, at a distance gréafer than 20km from the
coast, shall be hot-dip galvanised to SABS 763.

Steelwork for outdoor installation in coastal areas, €e, within 20km of the sea, shall first be hot-dip
galvanised to SABS 763, followed immediatelyatthe\§alvanising plant by the application of the
Sterling paint system in accordance with spegification GEE.0045.

Preparation of steel buildings.

Where it is impractical to galvani§e largéaieas of sheet steel, surfaces for outdoor exposure in
both infand and coastal areasshallbe prepared in accordance with specification CEE.0045.

Handling and final tredtmént'of painted steelwork.

Painted steel shallipe@indled with care and/or suitably packed to avoid damage during transport
and instaliation.

Any damage towpainted surfaces shall be repaired, after installation after which a final finish coat of
the pdint specified in specification CEE.0045. shall be applied.

The following table specifies the colours to be used:;

+ \Coastal structural support steel Tower Grey

+ Traction transformer tank Navy light Grey (G35)
+ Traction transformer conservator tank White

+ Substation building White

+ Interior of building and all outdoor enclosures White

+ Indoor equipment/control panels Navy light Grey (G35)
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12.3.1
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12.4.2.3

12424

12.4.3

SUBSTATION OPERATIONAL PROTOCOLS

All traction substation circuit breakers shall trip and remain open (operationat inhibit} should the
circuit breakers tripping power supply (110V DC) be lost completely or fall below 70% of nominal
battery voltage. It shall only be possible to close the circuit breakers when the supply voltage
reaches 85% of the nominal value.

PRIMARY ISOLATOR
it shall not be possible to operate the primary isolator unless the primary circuit breaker is open.

It shall not be possible to earth the load side of the primary isolator before the isolator blades are
completely open.

With the isolator in the open position it shall be possible to operate the primary circuit breaker for
test purposes.

PRIMARY CIRCUIT BREAKERS

The primary circuit breaker shall trip and remain open for the following events:
Inverse Definite Minimum time operation. (primary)

Transformer winding and or oif temperature.

The primary circuit breaker shall trip and lockout for the following dvents!

When the SF6 gas pressure falls to the first warning pressuré value\hefore it reaches the safe
operational threshold)

Transformer Bucholtz operation
Transformer restricted earth fault
Transformer biased differential
SECONDARY ISOLATOR (25kV)

it shalf not be possible to opetate, the secondary isolator unless the 25kV Incomer circuit breaker is
open.

With the isolator in the gffen position it shall be possible to operate 25kV Incomer circuit breaker for
test purposes.

SECONDARYLCIRCUIT BREAKERS (25kV)

Incomer€ircuit breaker

Rhe26ik Incomer shall trip and remain open for the following events:

When the SF6 gas pressure falls to the first warning pressure value.

Inverse Definite Minimum time operation. (secondary overcurrent)

Intertripping with the primary circuit breaker. If the primary circuit breaker is tripped by any of the
transformer protection relays, then the incomer circuit breaker shall trip and shall not be able to

close until the primary circuit breaker is closed.

In the case of substations connected in parallel (will be specified in the schedule of requirements),
the incomer will frip and remain open, in the event of reverse current fiow.

It shall not be possible to parallel incoming 25kV supplies through a substation busbar coupler in
double unit substations. (it must not be possible to close both Incomer circuit breakers with the
Busbar coupler in the closed position) Where a busbar coupler is required in a single unit
substation, this feature shall be provided for future use when the incoming supply is doubled.
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12.4.4

12.4.5
12486
12.486.1
12.4.6.2

12.48.3

12.4.6.4

12465

The operation of the Busbar coupler (opening or closing) shall only be possible if all the Secondary
Circuit Breakers (Incomers and Track feeders) are in the open position.

Track feeder circuit breakers
The track feeder circuit breakers shall trip and remain open for the following events:
When the SF6 gas pressure falls to the first warning pressure value.

Operation of the thermal overload relay. The breaker shall trip and remain open (operational inhibif)
untit the relay resets. The auto reclose function shall not be initiated by this refay.

Impedance distance protection operation. The breaker shall trip and the single shot auto reclose
sequence will be initiated. Should the breaker trip again after the auto reclose sequence, it shall
remain open. {no lockout or auto reclose)

When local operation of a circuit breaker is selected any auto reclose feature provided shall be
rendered inoperative.

When closing any circuit breaker from remote any auto reclose feature provided shallbe rendered
inoperative for a period of 30 seccnds.
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SECTION 2: - TRACTION SUBSTATION EQUIPMENT

13.0
13.1

13.2
13.3
13.4
13.5

13.6

13.7

13.8

13.9
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STEELWORK

The design, supply and installation of all steel structures for the support of equipment and
tensioning of conductors shall be the responsibility of the successful tenderer.

Structural steel shall comply with BS 4360.
All welded joints shall be seal welded with no gaps or blow holes.
All steelwork shall be hot-dip Galvanised to SABS 763.

A lattice type steel gantry (25kV gantry) shall be provided on which for secondary circuit breakers
of the outdoor structure mounted type the following items of equipment shalt be mounted:

¢ 25KV lsolator

+ 25kV Busbar

+ Lightning arrestors (for each feeder circuit)

+ Auxiliary transformer

+ Voltage transformer

+ Ali Secondary Circuit Breakers (Incomer as well as the track fegders)

+ Al track feeder overhead feeders (500 mm? Aluminium) shall be made off on this
structure with the span length being the distanceoithe Overhead track equipment switch
structure which will be provided by others

A typical layout of the above arrangement is shown, of{Drawings No’s CEE-TDB-41 sht's 182
which form part of this specification.

Support steel structures for the followind equipment’shall be provided:
+ High voltage double pole isolator.

+ High voltage lightnigg,armestors. (structure shall be similar to that shown on Sketch No. 1
in Appendix Nogd)

+ Primary ciretit breaken

+ High voltage'@urgeht Transformer. (structure shall be similar to that shown on Sketch No
1 in Appendix No.3)

The maptfacturedf any steelwork shall not take place prior to the approval by the Technical Officer
of the @esigh drawings.

Spoorhet'shall inspect the steelwork at the manufacturers works prior to dispatch.

PRIMARY AND SECONDARY ISOLATORS
Isolators and earthing switches shall comply with the requirements specified in IEC 129.

Isolators and earthing switches shall be of the air break type suitable for outdoor installation and be
designed for manual operation from ground level.

The primary isolator shall be of the double pole type.
The secondary isolator shall be of the single pole type.

Interlocking shall be provided on the primary isolator to ensure that the isofator can only be opened
with the primary circuit breaker in the open position.
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Interlocking shall be provided on the secondary isolator to ensure that the isolator can only be
opened with the incomer circuit breaker in the open position.

The primary isolator shall be provided with means to earth the load side of the isolator when in the
open paosition.

The isolators shall be rated to suit the associated equipment.

Tenderers shalf provide details of the isolators offered and the proposed method of interlocking.

LIGHTNING ARRESTERS
Lightning arresters shall comply with the requirements of BS 2914,
Heavy duty station class arresters shall be provided.

Lightning arresters shall be connected to each phase of the incoming primary supply. The supply
system may be considered to be effectively earthed.

Lightning arresters rated for 39kV rms shall be provided for connection to eagh 28kV circuit feeding
the overhead track equipment.

Lightning arresters rated for 3,3kV rms shall be provided for connegtitfto the main transformer
return current bushing.

All tightning arresters earth lug shall be connected fo the substation niaih earth mat by means of
the specified conductor,
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PRIMARY CIRCUIT BREAKERS

Primary circuit breakers shall be of the SF6, gas filled type. Circuit breakers shall comply with IEC
56 in so far as that specification is applicable to the type of circuit breaker offered.

The circuit breaker shall be of the double pole type for outdoor operation.

The circuit breaker shall be suitably rated for the substation equipment's electrical rating as
specified in the schedule of requirements.

The rated short-circuit breaking current shall be at least 16kA .
The operating mechanism shall be provided with shunt release for both opening and closing.

The circuit breakers shall be designed for electrical operation at 110V DC from the substation
battery supply.

Tension springs shail not be used for either closing or tripping mechanisms.
The circuit breaker shall be of the trip-free type.

A visuat mechanical indicating device shall be provided to show whether the.cireuit breaker is
closed or open.

The operating mechanism shall be constructed of non-ferrous matesiaher gadmitm plated steel.

Auxiliary contacts shall be provided for operation in conjunction with the protection and other
auxiliary circuits specified. At least one spare pair of normall§§ open @nd®ne spare pair of normally
closed contacts shall be provided.

The circuit breaker shall be provided with a control@anel in the’substation building on which are
mounted the protection relays, control switches,andasSociated equipment.

Circuit breaker controf switches shalf be provided onthe control panel as well as on the circuit
breaker mechanism. They shall returngutématically to the neutral position when the handie is
released after being turned to either the "clogg" or "trip" positions.

Local/Remote selector switches shall be provided on the control panel in the substation buiiding as
well as on the circuit breaker meghanism and shall be of the two-position type (no "off’ or "neutral”
position).

Mechanical operatioRysh@lt be provided on the circuit breaker for any closing or trip release which is
normally electriéallyyoperated.

The circuit Dreaker shall be provided with a no volt coil which will trip and ock out the breaker when
the cqilfis de-enérgised. Drawing No. CEE-TBK-27 forming part of this specification, details control
Circuitrg,

if shalhbe possible o close the circuit breaker only when the control voltage is above 85% of the
neminal value, and the circuit breaker shall trip automatically when the control voltage falls to 70%
of the nominal value.

A counter shall be provided on the circuit breaker to indicate the total number of operations of the
breaker.

A counter shall be provided on the control panel to indicate the number of trips initiated by the
protection scheme.,

Tenderers shall advise the number of circuit breaker operations under full load and fault conditions,
after which maintenance and/or measurement of contact wear is recommended.
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17.1
17.1.4
17.1.2

17.2
17.2.1

TRACTION TRANSFORMER

GENERAL

The transformer shall comply with IEC 76.

The transformer shall be suitable for providing supplies to a single phase railway traction system
and as such will be subjected to cyclic overloads up to 2 per unit {maximum duration 2 minutes).
For thermal considerations the overall loading requirements of 1EC 354 will not be exceeded. In
addition the possibility exists that a high incidence of short-circuit faults will be applied to the
transformer secondary terminals. Tenderers must comment on the ability of transformers offered to
meet these requirements and provide this comment and the following details of transformers

previously built for traction supplies with the tender -

+ User

+ Where installed.
+ Date installed.

+ Quantity supplied.
+ MVA rating.

+ Voltage ratio.

+ BIL of Primary and secondary windings.

+ Range of tappings.

+ Location of tappings.

+ In addition to the above any information relating to reliability and in-service performance
should be submitted in suppgft of the.above.

TECHNICAL REQUIREMENTS.

The following are the technical feguirements of the required transformer:

Frequency
Type

Cogling

Rated power
Rated voltages
Fap changer
Tapped winding

Tapping range in 6
equal steps.

Winding connections

insulation

50Hz

OUTDOOR

ONAN

20MVA

As specified in schedule of requirements
OFF LOAD

Secondary

Minus 0 %
Plus 15 %

Primary Phase to phase.
Secondary Phase to earth,

Primary and secendary fully insulated
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17.2.2

1723
17.3

17.3.1

17.3.2

17.3.3

17.3.4
17.3.5

17.36

17.3.7

17.3.8

17.3.9

1703.90

17.3.11
17.3.12

Impedance Limits on any tapping Max 12%
at 75 °C and at rated Min 10%
frequency expressed
in percent of
(Nominal Voltage)?

MVA

Protection current transformers on the primary side shall be fitted on the transformer primary
bushings for primary voltages of 88kV and less. For voltages above 88kV the primary protection
current transformers will be separate units. All protection current transformers on the secondary
side (25kV) shall be fitted on the transformer secondary bushings.

Transformer oil shall conform to SABS 555.
ANCILLARY EQUIPMENT

The following shall be provided :-

A conservator tank which shall be painted white, fitted with a silica gel dehydrating breather and an
oil-level gauge and drain cock.

The connecting pipe fo the conservator shall extend at least 50mm into the tank fo form a
sediment trap. All pipe connections shall have flange joints.

A weather-proof dial type thermometer graded in °C for registering "top oil ™emgerature. The
instrument shall be fitted with a resettable maximum temperature in@icator\Adjustable trip and
alarm contacts shall be fitted to the thermometer. The contacts shall normally be set to operate at a
temperature of 890 °C,

A single-float Buchholz relay to provide tripping facilitiess

A thermal type overioad relay fo protect the transfofmer Windings against sustained overloads. This
refay shall have a load-temperature characteristig,appfoximately the same as the transformer
winding hot spot. Suitable means of compengation for Variation of ambient air temperature shall be
provided.

The relay shall be provided with trip afd alarm contacts. The contacts shall normally be set to
operate at 100 °C.

A oil drain cock, oil sampling €0ek @nd thermometer pockets on the main tank. The sampling cock
shall be so arranged that @il sampling bottle may be easily filled.

Two cocks, one on tap afd one at the lowest point on opposite sides of the main tank shall be
provided, for copnegting, upAo an oil filtering system. The cocks shall be screwed 50mm gas or
metric equivalentferiigle’thread. If desired, the cock at the lowest point of the tank may be
combinegdwitiathe drain cock required above by the addition of a suitable fitting having a 50mm
gas ofgfmetric eqUivalent female thread.

Assiiitable explosion vent may be provided on the main tank if considered necessary by the
waptifacturer, but the provision of such a vent shall not effect the efficiency of the Buchholz relay in
the event of a transformer fault.

Bushing stems and terminals of a size to ensure sufficient mechanical strength for attaching and
supporting external connections, which shall not in any case be smaller than 26mm diameter
(primary and secondary). At least two earthing terminals on opposite sides of the transformer shall
be fitted on the outside of the transformer tank to facilitate connection to the substation main earth
mat.

All pipe joints and inspection covers shall be sealed using O-ring gaskets.

Pockets for the temperature indication probes shall be located in areas where the oil is freely
circulating, thus avoiding the possibility of incorrect oil temperature measurement.
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17.6.2
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18.0
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A separate quote for the optional supply of the following on the transformer is required:

+ A "Bagged conservator” (A bag installed in the conservator tank which prevents air from
coming into contact with the transformer oil)

+ A Chainings UAU transformer filter system
¢+ Aonload tap changer
TANK AND COOLING RADIATORS

The transformer tank and its associated components shall have adequate mechanical strength and
rigidity to permit the complete transformer minus cooling radiators but filled with oil, to be fifted,
jacked and skidded in any direction. Welded seams shall not be covered by stiffeners.

The transformer tank shall have a welded top cover.

Transformers shall not be fitted with roflers, but shall be provided with a substantial base that is
rectanguiar (has no protruding lugs or protrusions) and is so constructed that it can be sipported
on a flat concrete plinth that has a raised portion the same size as the transformer base,to prevent
the possibility of water standing in contact with the transformer base. Provision shall b&made on
the transformer for the attachment of a tackle for the purpose of skidding. Jacking fugs shall be
provided for lifting the transformer complete with oit,

The transformers shall be fitted with removable cooling radiators which shall Beshipt-dip galvanised
externally. Suitable valves shall be provided so that the radiators caft be fempved without having to
drain the oil from the transformer tank.

RATING PLATES
A non-corrosive metal plate shall be fixed to each trafisfarmer tank (not cooling tubes).

Comprehensive information shall be provided#f the rating plate in respect of both elecirical and
mechanical aspects.

Details must be submitted to Spoornetffor approval prior to construction.
TESTING

The transformer shalf be tested,in agcordance with IEC 76, including a test with lightning impulse
chopped on the tail.

Spoornet will copdligt an ouf tank inspection of the transformer prior to the transformer being
tanked as weli aswithigssing all the routine manufacturers tests carried out at the works. The co-
ordinationofmanufacturers testing shall be the responsibility of the successful tenderer.

Type test gertificates of the transformer design offered shall be submitted with the tender. Should
type test'cerificates not be available, the required tests shall be carried out, the cost of which must
e inCluded in the tender price quoted as a separate item.

Shotlld the transformer offered not have a short circuit type test certificate available, a simulated
computer model of this test may be submitted for Spoornet's approval, but should this model be
unacceptable short circuit tests will be required and shall be conducted in accordance with IEC 76
Part 5 . An out of tank inspection shall be carried out after completion of the tests. The tests shall
comprise two short circuits on each of the extreme and centre tappings. The short circuits on each
tapping shali be of opposite asymmetry. Short circuit duration shall not be less than 0,5 seconds.
Short circuit current shall not be less than that calculated for a fault on the secondary terminals of
the transformer with rated voltage on the primary terminals from a supply of not less than 2
500MVA .

CURRENT TRANSFORMERS

Current transformers shall be of the bar-primary type and comply with BS 3938. Ratings, ratios and
class of accuracy shall be determined by the protection scheme as shown on Drawing No. CEE-
TBB-109. A margin of 5VA shall be provided for testing purposes.
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ff the primary supply voltage is 88kV and below, then the current transformers for main transformer
protection shall be installed in the transformer bushings. If the primary supply voltage exceeds
88kV then only the current transformers on the secondary side of the main fransformer shall be
mounted in the transformer bushings, with the primary side's current transformers being of the post

type.
Secondary protection current transformers shall be mounted in the transformer bushings.

Current transformers shall be installed on the load side of the associated circuit breaker. It shall be
possible to remove the current transformers with the minimum of disturbance to other equipment.

Separate current transformers shall be provided for main and back-up protection on all 25kV track
feeder circuit breakers.

Since the accurate measurement of harmonics in the traction supply witt be necessary from time to
time, current transformers offered shall be suitable for this purpose.

VOLTAGE TRANSFORMERS

Voltage transformers shall be single phase and have a ratio of 26,4kV/110V . They shalil comply
with the requirements of BS 3941 and be class E for protection.

Voitage transformers shall be outdoor structure mounted, oil filled type.

The return side of the primary winding shall have a bushing insulated fogd3k\andfnust not be
connected fo the Voltage Transformer's tank.

The secondary winding shall be terminated in a cable box.

AUXHLIARY POWER TRANSFORMERS

Unless otherwise stated two 16kVA 27 500V/240V gingle phasetransformers mounted on the
substation portal structure shall be provided by the sug€essful tenderer.

The transformers shall comply with SABS 780,

The transformers and the connected equipmeht shall be capable of operating satisfactorily for a
supply voltage varying between 2 5kViand 22,0kV. Main transformer secondary voltage under
traction no-load conditions wilhnorfally be 27,5kV and auxiliary equipment shall be capable of
operating continuously at this voltage.

Each transformer shall be provided with a suitably rated drop-out fuse link provided in the high
voltage supply conductaf.

BUSBAR CQUPLER

The 28KV béisbars of each unit at all double unit traction substations shall be connected together by
means of a bushar coupler. A busbar coupler shall be provided in single unit substations where
gpecified iisthe Schedule of Requirements.

Forgecondary circuit breakers of the outdoor structure mounted type, the busbar coupler shall be a
motor operated 25kV AC track sectioning switch supplied in accordance with specification
CEE.0040.83.

The track sectioning switch shall be rated at 1500A and the operating voltage of the switch
mechanism shall be 110V DC.

SECONDARY CIRCUIT BREAKERS

GENERAL REQUIREMENTS

Secondary Circuit breakers shall be of the vacuum type. Circuit breakers shall comply with BS
5311 in so far as that specification is applicable to the type of circuit breaker offered.

Circuit breakers of a service proven design are required and full-supporting details in this respect
shall be furnished with tenders. The circuit breakers shall be single pole.
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Circuit breakers shall be of the outdoor structure mounted type and shall be mounted on a suitably
designed structure, in the manner indicated on Drawing No's CEE-TDB-41 sht's t & 2

The mounting method of the circuit breaker and the operating mechanism shall be adjustable to
allow for alignment.

The circuit breakers shall have a rated voltage of 44kV, and the system frequency is 50Hz.
The rated continuous current shall be at least 1 200A.

The rated short-circuited breaking current shall be 12kA at a nominal voltage of 25kV . In addition
the circuit breaker shall be capable of interrupting 6kA at a recovery voltage of 44kV in the case
where a short circuit between phases occurs.

Fault making current shall be 30kA peak and at least 12kA for 3 seconds.

Opening time on low impedance track faults including relay operating time shall not exceed 0,1
seconds, for track feeder circuit breakers.

Tenderers shall advise the capability of circuit breakers offered to interrupt :-
+ Capacitive currents.
+ Currents with a high harmonic content.

Tenderers shall advise the chopping current levels of the circuit breakeRBfferethand what steps are
taken to keep these values to a minimum.

Tenderers shall also advise whether special precautions are required to dimit the effects of chopped
current and to give details.

The operating mechanism shall be constructed of nop-fefrots material or cadmium plated steel.
The operating voltage shall be 110V DC.

The circuit breaker operating mechanism shall be Roused in a weatherproof enclosure, and shall
be accessible by means of a lockable doer.

The foliowing shall be provided withinithe englosure:

+ A thermostatically contreifed ‘anti-condensation heater,

+ A fluorescent light operated bya door switch.

+ A 15A, 220V ACsetket ouflet in accordance with SABS 0142,

The circuit breaker mectanism shall be of the spring operated type with shunt release for both
opening afidyclosing. The closing operation shall charge the tripping spring.

it shall nat'be possible for the circuit breakers to close while the spring is being charged.
Thelspringfshall be fully charged before it can be released to close the circuit breaker.

itghall be possible to charge the spring when the circuit breaker is closed and if the spring can be,
and is released, the circuit breaker shall not open.

There shall not be any danger of a fully charged spring being released by vibration caused by the
opening of the circuit breaker under any conditions.

A visual mechanical indicating device shall be provided to indicate the state of the spring and shall
be inscribed "Spring Charged" when the mechanism is in the condition to close the circuit breaker
and "Spring Free” when it is in any other condition.

Means shall be provided for charging the spring by hand.

Means shall be provided for discharging the spring when the circuit breaker is in the "open” position
without the cireuit breaker attempting to close.

Facilities shall be provided for locking of the local manual release of the closing spring mechanism.
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The closing springs shall recharge automatically after the completion of a closing operation.
Tension springs shail not be used for either closing or tripping mechanisms.

Facilities shall be provided to permit manual slow closing of the circuit breaker for maintenance
purposes.

The mechanism shall be trip-free. The contacts shall make before the breaker starts to open.
If the circuit breaker fails to fatch on closing it shall trip before any significant damage can occur.

A visual mechanical indicating device shall be provided to indicate whether the circuit breaker is
closed or open.

Unless the design of the circuit breaker mechanism is such that compensation for interrupter
contact wear is provided automatically, a visible indication shall be provided to show when
adjustment is needed. In the case of circuit breakers incorporating more than one interrupter it
shall be possible to make such adjustments individually to suit the requirements of each interrupter.

Auxiliary contacts shall be provided for operation in conjunction with the protection and Gther
auxiliary circuits specified. At least one spare pair of normally open and one spare pairdf normally
closed contacts shall be provided.

Local/Remote selector switches on the circuit breaker equipment shall be of the two-p@sition type
{no “off” or "neufral” position).

Circuit breaker control switches shall be arranged to return automftically fo the neutral position
when the handle is released after being turned to either the "close™or "trip” positions.

A counter shall be provided on each circuit breaker to indigate the total number of operations of the
breaker.

A counter shall be provided on each track feedengirufit breaker control panel to indicate operations
{trips) initiated by any of the track feeder profection‘telays.

Tenderers shall advise the number of gircuit breakér operations under the following conditions,
after which maintenance and/or meastrement of contact wear is recommended -

+ Rated breaking capacity.
+ Breaking 6kA.

+ Breaking 15004.

Page 19 of 40




SPECIFICATION NO. CEE.0111.99

23.0

23.1

23.2

23.3

234

23.5

238
237

23.8

23.9

23.10

TRACTION substation building

The building to be provided shall be of the prefabricated steel modular type. It shall be robust,
waterproof, vermin proof and of sufficiently strong construction to resist all weather conditions
encountered in South Africa.

Details of a suggested design are shown on Drawing No. CEE-TEC-28. This design or variations
thereof may be used but tenderers are free to offer alternatives that comply with this specifications
requirements.

When a single unit substation is required, the building design shall facilitate extension to
accommaodate equipment for a double unit substation in the future.

Steelwork shall be treated in accordance with the prevention of carrosion requirements specified in
clause 11.

The building shall have a "double-skinned" roof construction to allow a free circulation of air
between the skins.

The outer skin shall be of flat sheet steel of the same thickness as the building.

The inside walls shall be thermally insulated to the equivalent of 40mm of glags-fibre #Fhe tenderer
shall give full details of the material he intends to use as weli as the fixingPmethad of the material to
the walls (Glue is not acceptable}. Protection against mechanical dasage Yo the Thsulation shall be
provided.

The building shall be large enough to accommodate alt equipment that®il be contained within the
building with enough space for comfortable maintenancesef the equipment. The following major
items of equipment as called for in this specification plist be dgcommodated within the building:

+ An aluminium self-supporting ladder with ashejghtfof 1.2m.

+ A wall mounted metal key box with adid and pravision for at least 20 keys as shown on
Drawing CEE-TCA-92.

+ Suitable brackets and/or stofage forNadder, special tools and earthing apparatus.

¢ Suitable bracket on the wall ifhediately adjacent to the annex door for mounting of a fire
extinguisher. (Fire@xtinguisher will be provided by others).

+ Suitable brackets 1ar melinting of a control selector telephone and telecommunications
distribution Board,

+ A oomplete'set of wiring and circuit diagrams for the substation.

#7 A stegl gabinet / desk combination approximately 1150mm wide, 600mm deep and 1
080mm high. '

+ Telecontrol cabinets (provided by others),
+ Battery tripping unif,

4 Primary Circuit Breaker control panels.

+ Secondary Circuit Breaker control panels.
+ Low voltage disfribution board,

One door is required for entrance into the building. The door shall be situated in the narrow wall
opposite that which contains the ventilation fan.

It shall be possible to remove, without dismantling, any equipment contained within the building
through the door provided.
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The door shall be fitted with a robust locking mechanism capable of being locked by means of a
stout padlock provided by Spoornet.

Door hinges shall be robust with hardened steel pins. Doors shall be fitted with a suitable stay to
hold them in the open position.

A foundation and plinth of concrete for the support of the building and its equipment and for the
maintenance and handling of all indoor equipment shall be provided.

The plinth shall be so designed as to eliminate the possibility of water standing in contact with the
base of the building.

Tenderers shall give details of the measures they propose taking to seal the base of the building to
the concrete plinth.

The finished level of the plinth shall not be less than 250mm above ground level .

The floor surfaces shall be durable non-slip and of pleasing appearance and shail not begtibject to
damage or marking by normal maintenance activities. In the case of a concrete fioor it $hall be
coated with "Solidkote" or similar.

Provision shall be made for the entry of cables from the outdoor yard into the Buiiding.

The building design shall be such as to provide the necessary trunking fmeablé,.entfy to all
equipment which wiil be top entry. (no underfloor trunking)

HEATING AND VENTILATION

A ventilation fan shall be provided in the substation contrglequipment building. The fan shail be
capable of providing 20 air changes per hour,

Whirlybird or similar ventilators suitable to ventilate thé building shall be provided and instalted on
the roof.

The fan shall draw air from inside the Bilding andblow to the outside through automatically closing
shutter louvers.

Thermostatically controlled heatef§ shall be provided to prevent condensation within the building.
Thermostats shall comply, with 58,3965 part 2 section 2F and be to category A.

Heaters shall be rohdst with eléments completely enclosed in a metal tube.

Heaters shall bé&positiohed and mounted in such a manner that they are not subject to damage
during normal mainteRance activities.

Detailg of the type“and rating of heaters must be supplied by tenderers.
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AUXILIARY POWER SUPPLIES
All low voltage power and lighting circuits shall comply with the requirements of SABS 0142,

Under traction foad conditions the substation supply voltage will have a high harmonic content and
equipment supplied from the auxiliary transformer shall be capable of satisfactory operation under
these conditions.

A low voitage distribution board shall be provided in the substation building. The output of the
auxiliary transformers shall be connected to two 80A doubie pole miniature circuit breakers
{MCB's) on the distribution board, The MCB's shall be withdrawable or lockable.

The output from the auxiliary transformers shall be connected to an automatic change-over
contactor which must not allow the supplies to be paralfeled under any circumstances.

Where only one auxiliary transformer is called for Spoornet will arrange for the supply from a
second auxiliary transformer to be connected to one of the 80A MCB'S called for above.

The distribution board shall be provided with MCB'S to protect and control all lightinggheating,
ventilation, socket outlets, control circuits, and supplies to the Eskom equipment. MCB'Sshall
comply with SABS 156.

Provision shall be made for six single MCB spare cut-outs for future addifions.

The distribution board must provide for a 110V 10A DC supply and'a 220V 2DA AC supply to be
cabled to the Eskom equipment in the Eskom yard, AC and DC cirguits shall be physically
separated either by means of a partition or separate distribution boarde?

At least two 15A 220V 3 pin socket outlets shall be pravided iMthe building as well as one outlet
mounted in the control panels.

LIGHTING

Lighting points shali be provided in eaclf buiidingdeprovide a general level of illumination of 20 Jux.
Light fittings shall be of the fiucrescentitype.

Two outdoor fluorescent lightsishall be provided on the outside of the control equipment building,
One shali be mounted abgve theuildings door and the other shall be mounted on the fong side of
the building facing the track\These lights shall be controlled by light sensitive switch.

Outdoor lighting shall he’proyided in at least two positions to provide a general leve! of illumination
of 20 lux in the substatiohy@rd. These lights shall be controlled from within the control equipment
building. Cagg shall betaken to avoid glare in the eyes of train drivers and the layout must be
approvedby theal echnical Officer.
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REQUIREMENTS FOR TEILECONTROL
Telecontrol and telemetering equipment will be provided by Spoornet.

The telecontrol equipment cabinet, the size of which is approx 1600x800x800 (hwd), will be housed
in the substation control equipment building. Spoornet will deliver this cabinet to site, with the
installation thereof being the responsibility of the successful tenderer,

A "Klippon" or similar terminal strip with 250 terminals shall be provided to act as the interface
between the substation equipment and the telecontrol equipment. This terminal strip can be
housed in one of the switchgear control panels (space permitting) or housed in a dedicated
enclosure. The successful tenderer shall terminate all conductors for the telecontrol functions
required on one side of this terminal strip. The successful tenderer shall supply and install the cable
required to connect the tefecontrol equipment cabinet (supplied by Spoornet) to the terminal strip.
One side of this cable will be connected to the terminal strip with the other side being made off in
the telecontrol equipment cabinet for connection by others,

The relay contacts provided in the telecontrol cabinet for remote operation of switchgeanwill have a
maximum rating of 0,5A at 110V DC.

Indication for telecontrot purposes shall be provided by means of voltage freeyopen and closed
contacts on the switchgear.

Provision shall be made for the following principal telecontrol operatiGn®Nindigations and alarms: -
¢+ Open and close command function for all circuit breakers)
¢+ Open and close indication for all circuit breakets
+ Lockout indication for all circuit breakers:
+ Indication of failure of voltage transformerjputput (protection reference voltage).

+ Indication of failure of distan€e protgctith relay supply voltage. Detection must take place
at each relay.

+ indication of chargép¥aillire for DC control batteries.
+ [ndication offransionmier pressure relief device operation.
+ Indicationoflew gés (SF6 breakers, Primary and Secondary).

The followingatransducers capable of measuring true RMS values of distorted waveforms shall be
provided -

AsturtentitrapSducer to monitor each main transformer secondary current.
ANoltage transducer to monitor each secondary busbar voltage.

The output of these transducers shall be wired to the telecontrol terminal strip.
Tenderers shall state the type and suppliers of the transducers they intend using.

Any additional telecontrol functions that might be necessary due to the supply and instaflation of
any specialised equipment offered shall be provided.

A detailed list of telecontrol commands, indications and alarms shall be submitted for approval by
the Technical Officer.
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26.2.10

CONTROL PANELS

A control panel shall be provided for each Primary and Secondary circuit breaker provided in the
substation. These control panels shall contain all the protective relays and circuit control equipment
required for the operation of the associated breaker,

PANEL CONSTRUCTION

The panels shall be constructed of steel sheeting of not less than 2mm thickness. The panel shalt
be of rigid construction with facilities for lifting.

The panels shall of the swing frame type (access to the panel being via the front swing frame and
having no rear access).

The panels shall be fitted with dummy interior covers so as to ensure that when components are
mounted, no boits or screws are visible on the exterior of the panel.

The panel shall be supplied with a gland plate which allows for cable entry from the top. The
installation contractor shall punch all required holes into the gland plate on site.

EQUIPMENT INSTALLED IN THE PANELS

All contactors and refays shall be of fiberal rating and design and of the sturdist Senststiction, they
shall not be affected by vibration and shall be silent when energised. Cofifaiets shall'be made of
silver or other approved metal to minimise damage through oxidatigpeangd Shall be designed to
maintain good contact under all operating conditions.

Relays shall be completely sealed against the ingress of dusfand diff¥means of non-
inflammable covers which are easily removable. The relayg,shall have a protection rating of IP34
as defined in SABS 1222.

All protection relays shall be housed in withdrawable héttern cases and shall be so designed and
mounted as to make them free from equipment vibrétion problems.

All relays, contactors, links, MCB's andgtest terminals shall be readily accessible so that routine
examination, maintenance and testing'may be carried out without the need to remove bolted
panels,

The control equipment proyided shalf be capable of correct operation within the voltage limits
specified in BS 5311 : Rart 341976. Tn addition the coils of all devices operated from the substation
auxiliary transformer@C sitpply Shall be capable of satisfactorily operating under the harmonic
voltage conditions‘encetinteréd in an AC traction system.

All low voltage cirguits in the panel which require protection shall be suitably protected by miniature
mouldedCase Cirgliit breakers which comply with SABS 158. The circuit breakers shall be B-curve
design.

&ll electrical conductors shall be routed in plastic channel trunking with a remaovable cover. This
trufiking must be of sufficient size to easily hold the conductors. Should trunking not be feasible, a
metal rod can be brazed onto the panel onto which the conductor bundle can be attached by cable
ties or some other suitable method. Conductors supports that are attached by adhesive are not
acceptable.

Panel bus wires shall be fully insulated and shall be run separately along the panel. MCB's shall be
provided to enable independent circuits to be isolated from the bus wires. Separate troughs or
ducts shalf be provided for the building wiring and control wiring.

Protection circuits shall be provided with PK2 type test blocks to enable the temporary connection
of instruments, meters or test equipment without interfering with fixed wiring.

All wires shall be provided with identification tags at terminals and shall be marked as reflected on
the panel wiring diagrams. The diagram markings and wire markings shall be the same,
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All cabtes shall be marked at both ends with markings the same as that which appears on the
wiring schematics and diagrams.

All relays, cables, terminal strips, switches, lamps, push buttons etc. which are mounted on panels,
shall be labelled to clearly indicate their function.

An annunciator indicating panel giving visual (LED display) indication of the reason for the gircuit
breaker’s trip shali be provided on the circuit breaker control panel.

A counter shall be provided on the control panel of each circuit breaker to indicate the number of trips
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initiated by the protection scheme.

Each protective element that causes the circuit breakers to trip shall be catered for (Bucholtz,
overload, SFB low gas, distance protection etc.). The visual alarm shall continue until the indication
alarm is accepted and reset.

No anti condensation heaters are required inside the panels.

Each panel shall have and interior fluorescent lamp which will be switched by a door switch.

INDICATING INSTRUMENTS

All indicating instruments shall be designed, manufactured and tested in accBrdahce with SABS
1289, and shall be flush mounted.

The dials of instruments shall be marked with the ratio of the assogfatedinstiument transformers.
The full-scale deflection of instruments shall be not less than@5mnanddhe scales shall be;

¢+ Voltmeters 0 - 30kV

¢+ Ammeters 0-1 500A

A voltmeter shall be provided to indicate the Voltage|of each section of the 25kV bushar.

An ammeter shall be provided fo indicate the primary and secondary current.

DC BATTERY AND CHARGER

The DC control battery anthehargerehall comply with specification No.CEE.0085 except where
special arrangementsfare pecéssary to suit the design of equipment offered. The Tenderer shall
complete appendix N@.2°0f that specification.

The rating of the'battegy and charger to be installed in each substation shall be based on the
burden ofthe‘eguipment to be supplied.

Thenominal veltage of the battery shall be 110V.

Thebatteries shall be of the nickel cadmium sealed type and shall comply with the requirements of
CKE 455 if the capacity thereof is lower than 10 ampere hours otherwise they shall be of the non-
sealed vented type.

Page 25 of 40




SPECIFICATION NO. CEE.0111.99

28.0

28.1

28.2
28.2.1

28.2.1.1
28.2.1.2
28213
28.214
28.2.1.5
2822

28.2.21
28222
28.22.3
28.3
28.3.1
28.3.2

28.3.3
28.3.3.1
283.3.2

28.3.4

28.34.1

28342

28343

28.3.44

PROTECTION

Drawing No. CEE-TBB-109 shows the principal protection requirements for a substation and must
be read in conjunction with the following specific requirements.

Separate current fransformers shall be provided for main and back-up protection on all 25kV track
feeder circuit breakers.

PRIMARY CIRCUIT BREAKER TRIPPING

The following protection relays shali be provided and when operated shall cause the primary circuit
breaker to trip and lockout: -

Buchholz.

Restricted earth fault on both primary and secondary windings.
Transformer percentage biased differential.

Primary circuit breakers SF6 low gas.

Traction transformer pressure relief valve,

The following protection relays shall be provided and when operated shall cause the primaty circuit
breaker to trip only, allowing reclosure from remote.

Transformer winding and oil temperature.

Inverse Definite Minimum Time ({DMT) operated from transformer primany ctirrent,
Circuit breaker tripping supply undervoltage detection.

SECONDARY CIRCUIT BREAKER TRIPPING

Secondary circuit breaker protection relays shall befCircuit specific:

The following protection relays shall be providéd and When operated shall cause the secondary
circuit breaker to trip only, allowing reclosure from remote.

Incomer circuit breaker
[nverse Definite Minimum Time (IBMT) oVefcurrent relay,

in the case of double unit&ubsiations feeding parallel fed sections, a reverse power relay which will
operate in the event offthe reverse flow of power,

Track feeder circtit breaker

Distance lifipedanice rélay with directional mho characteristics suitable for electrified railway
systems (GEC Alsthom Optimha relay). A track feeder circuit breaker will normally be the only feed
into a Section of rallway line and will therefore not be required to discriminate with other track
fgeder ciiguitbreakers. The refay shall provide for instantaneous tripping up to a relay setting
equivalent to an overhead equipment impedance of 64 ohms at an angle of 65° The relay
characteristic shall be designed to discriminate between load and fault current conditions at high
impedance settings.

Thermal overload relay to match the thermal characteristics of the overhead equipment which
permits a continuous current of 780A, 950A for 5 minutes and 1 720A for 1 minute.

Single shot auto reclose relay with dead time and reclaim time independently adjustable from 5 fo a
total of 25 seconds. An operations counter shall be provided. The auto reclose sequence shalf only
be initiated by the impedance distance protection relay

Low SF6 Gas pressure detection.
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AUXILIARY TRANSFORMER PROTECTION

Each 16KVA auxiliary transformer shall be provided with a 1 Amp dropout fuse in the primary
supply conductor.

RELAYS AND CIRCUITRY PROTECTION
All circuits supplied by the auxiliary transformers shall be protected by an earth leakage relay.

All circuits, regardiess of source of supply shall be protected by suitably rated miniature circuit
breakers. (MCB’s)

Due to the susceptibility of protection relays to damage due to poor quality of supply as well as
lightning surges, the tenderer must state what measures will be implemented to safeguard this
equipment.

CONDUCTORS, CABLES, AND SMALL WIRING

The following electrical conductors shall be used in the construction of a substation:

+ Primary (HT) flying busbar/jumper 160 mm? Al (stranding 19/3.35)

+ Secondary (25kV) overhead 500 mm? Al{stranding 37/425)
conductorsfumpers

+ Earth mat 3%30 mm Cu strap (9O

+ Steelwork earth mat connections cast 95 mm? Cu eqiivalentERICO cadstrap
in concrete foundations earth tails

+ Earth connections from isolator earth 95 mm? Cu equivalent ERICO cadstrap
blade to earth mat egrth tails

+ Earth connections from all lightning 160/Mmm? Al stranded insulated cable
arresters to earth mat

+ Neutral return overhead conductor 500 mm?® Al (stranding 37/4.25)

+ Auxiliary transformer and VT neutral 70 mm’ stranded Cu unarmoured cable
conductors insulated for 3,3kV

+ Auxiliary transformer positive 50 mm? stranded anneated Cu
conductor

+ Earthing harness 95 mm” stranded annealed insulated

conductor

The 25KV busbamghall be Aluminium and shall have a continuous rating of 1500A. Busbars shall
complyywith BS 159,

Outdeor high voltage conductors shall be of all aluminium composition. ACSR conductors are not
agCeptable.

All iow voltage cables shall be 600/1 000 Volt PVC insulated sheathed in terms of specification
SABS 150.

Cables for indoor use only may be unarmoured. Cables for outdoor use shall be armoured, and
suitable for laying direct in the ground.

Small wiring and termination’s shall comply with BS 162. The current ratings for the various sizes of
conductors shall not be exceeded.

Altinstrument and control wiring shall be a minimum size of 2,5mm? cross-section with stranded
copper conductors. Wires connected to the current transformers shali have a minimum cross-
section of 4mm? .
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SECTION 3: - INSTALLATION OF EQUIPMENT

30.0 SUBSTATION SITES

Details of substation site sizes and positions (orientation to track) are shown on substation layout
drawings listed in Appendix 1.

301 SITE PREPARATION

All substation sites will be cleared i.e. shrubs, bush, stumps and debris shall be completely
removed from the site. Trees shali be uprooted and removed.

302 SITE LEVELS
30.2.1  The site level shall be raised 500mm above the natural ground level.

30.22  The final level of the earthworks on site shall be at a cross fall of not less than 2% farallel to the
shortest rectangular dimension of the site. The fall must be in the same directign as the prevailing
fail of the natural ground level parallel to the shortest rectangular dimension:

30.23  The site must be flat.
30.3 MATERIAL

30.3.1  The in situ material may be used for the bottom layer in a cutlo fill operation if the material can be
compacted as per compaction requirements. Should thiS'metbe the case the material may not be
used.

30.3.2  Material of quality G5 must be used for earthworks,
304 COMPACTION

3041 The material shall be deposited in layets, notexceeding 300mm prior to compaction. Material shall
be compacted to 95% Mod. AASHTO at'@mC.

3042  All substation sites shall be, inspeti€d and signed off by the Technical Officer prior to any
construction taking placde.

30.4.3  Each substatiop Sife shall be’fenced by a stock/boundary fence as well as by a security fence in
accordance withthefgnce’lines shown on the substation layout drawings listed in Appendix No. 1

30.44  The exfeft of Kébing to be installed at each substation site is shown on the substation layout
drawiings listed in Appendix No. 1.

304.5 <hegecunty fence and kerbing shall be installed in accordance with the drawing specified in
AfpendiX 2 and shall not be installed prior to the installation of all steelwork and equipment and the
making off of all overhead conductors. The technical Officer shall authorise the installation of the
fencing and kerbing.

3046  The stock/boundary fence shall be installed in accordance with Drawing No CCE Type 1-45. This
installation shall occur simultaneously with the security fencing.

30.4.7  After completion of construction a suitable weedkilier to be approved by the Technical Officer shall
be applied throughout the site within the boundaries of the small stock/boundary fence, in
accordance with the manufacturers instructions. The successful tenderer shall exercise the
greatest care to avoid contaminating private property.

3048  After treatment with the weedkiller, a 100mm layer of 25mm crusher stone shall be laid over the
whole area of the Spoornet yard (within the kerbing).
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Access to the sites shall be by means of Spoornet maintenance roads. Should the tenderer feel
that these roads are not adequate, a separate quotation for any work deemed necessary shall be
submitted with the tender.

FOUNDATIONS

The successful tenderer shall be responsible for the design and installation of foundations for all
the structures, equipment and buildings within the substation yard.

The successful tenderer shall carry out his own survey in regard to soil types and their load bearing
capabilities.

Tenderers must ensure that provision (financial as well as time) for excavations in a range of soil
types is allowed for in their tenders.

Equipment support foundations shall be finished off 200mm above the finished earth level of the
yard. The design must be such as to prevent standing water.

All foundations edges shall be bevelfled, and the surfaces must be fioat finished.
All support foundations shall be at the same level.

An earth mat conductor shall be cast in the concrete foundation for the conn@gtion, of stipport
steelwork to the earth mat. This shali be done in accordance with Drawifgehlo, GEESTEE-173 shi's
1-3.

This earth conductor shall be electrically connected to the foundatian boltigroup such that in the
event of the visible earth connection being removed, a earth €onnectiesVia the bolt group is
maintained. This shall be done in accordance with Drawigg No CEE-TEE-173 sht's 1-3.

A plastic pipe shall be cast into all concrete foundatfons for earth/control cabling to be taken up the
structure and shall be done in accordance with Brawing No CEE-TEE-173 sht's 1-3.

If the foundation for the main traction transfotimer is larger than the transformer base plate, then a
portion of the foundation the exact sizefof the Base/plate must be raised at least 50mm to prevent
the possibility of standing water against the trinsformers base plate.

CONCRETE
The 28-day strength of @ll Cenctete Used shall be a minimum of 20Mpa.

The successful tepdeter’shail arrange for sampling and testing of all concrete used, and shall
submit full records 1g the F@chnical Officer. Spoornet reserves the right to undertake testing of
concrete samples andithe successful tenderer shalf furnish test cubes if requested by the
TechnicalOffiter.

Hang miXed concrete is not acceptable, it must be mechanically mixed.

The addition of water to a concrete mix reduces the strength of that concrete very significantly and
onQo account shall water be added to a mix after test cubes have been taken.

There shall be a minimum of 100mm concrete cover for all steel reinforcing.
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INSTALLATION OF SUBSTATION EQUIPMENT

The instaliation of the equipment required for the construction of the required substations will be
carried out in accordance with the substation layout drawings listed in Appendix 1. These drawings
will indicate the particular requirements for each substation.

All fasteners (nuts & bolts) shall be secured using flat as well as lock washers.

Requirements for the installation of substation equipment are as follows:

PRIMARY ISOLATOR

The primary supply conductors will be made off by the supply authority on a terminal structure
which shall be supplied and installed by the successful tenderer. Tails and clamps for the
connection of the primary supply to the primary isolator will be provided by the successful tenderer.
These tails will probably be Wolf conductors, which must be confirmed by the Technical Officer,

The earth connection of the earthing blades shall be connected to the substation earth fat.

MAIN TRANSFORMER

The interface between the traction transformer plinth and the steel tank musthe Seale@ using a
outdoor UV resistant silicone sealer.

A 150mm diameter PVC pipe shall be cast into the transformer plifith to allow for the routing of
control and protection cables. This pipe shall be installed based onithe principles indicated on
Drawing No. CEE-TEE-174 sht's 1-3. This pipe shall be positioned sUEh that the cables enter the
transformer control cable terminal box vertically.

The earth conductors connecting the transformer t@nk to'the earth mat at two places shall be cast
into the transformer plinth such that a minimupwefthelconductor is exposed, based on the
principles indicated on Drawing No. CEE-TEE-174 sht’® 1-3. This conductor must be cast into the
plinth in such a manner as to prevent thesgonductor being damaged during the installation of the
transformer.

The secondary transformer bushihg thatwilfbe designated as the positive (25kV) bushing is the
bushing on the feft side of théteansformer looking at the transformer from the secondary side.

The negative secondasy bushipg shali be connected to the substation earth mat via a lightning
arrestor rated at 3,3kV. J#e lighthing arrestor must be mounted on the transformer tank in close

proximity to the pegative bushing. The conductor to be used for this connection to the earth mat
shall be similar tg thaj spécified for the earth connection of the primary isolator.

VOLTAGE TRANSFORMER

Borsecondapy circuit breakers of the outdoor structure mounted type, the voltage transformers
shallsbe mounted outdoors on the secondary switchgear gantry. (25kV gantry)

Thedlive side of the primary winding shall be connected to the 25kV busbar.

The neutral side of the primary winding of each voltage transformer shall be connected to the
overhead neutral return current conductor.

The secondary winding shall be connected to the appropriate circuits through MCB's.
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AUXILIARY TRANSFORMER

The primary positive pole of the auxiliary transformer shall be connected on the traction
transformer side of the secondary isolator and should a second auxiliary transformer connected to
the 25kV supply be required, its primary positive pole shall be connected to the overhead track
equipment on the load side of the track feeder switch (see Drawing No. CEE -TBB -109).

The auxiliary transformer connected fo the main transformer side of the isolator shall be mounted
on the 25kV gantry. it shall be mounted in such a manner as to allow space for the drop out fuse to
be mounted and to function safely, above the auxiliary transformer.

The second 25kV auxiliary transformer (see schedule of requirements) shall be mounted on one
leg of the overhead frack equipment track switch structure. {see Drawing No. CEE-PFB-30 for
typical mounting detaiis)

The neutral of the primary winding of each 25kV Auxiliary transformer shall be connected to the
overhead neutral return current conductor.

The secondary output of the auxiliary transformers shal be cabled to a distribution board in the
substation building.

SECONDARY ISOLATOR
The secohdary isolator shalt be mounted on the 25kV gantry structuges
SECONDARY CIRCUIT BREAKERS

Secondary circuit breakers of the outdoor structure mougnted fype shall be mounted on the 25kV
gantry structure.

The outdoor switchgear shall be mounted on suitabifdésigned horizontal steel beams forming part
of the 25kV gantry structure (see Drawing Nofs CEE-TBB-41 sht's 1& 2)

The outdoor switchgear mounting arrapGementyshall aliow for lateral and vertical adjustment to
enable proper alignment of switchgearito tak€ place.

The switchgear shall be mouptedin such a manner as to allow an isolating gap of not less than
300mm between the circuit bredkgRterminals and the 25kV busbar should the jumper be removed.

SECONDARY LIGHFNING ARRESTORS

All secondary lightning arrestors shall be mounted on the 25kV gantry and shall be connected in
the circuit in accordanee with Drawing No. CEE-TBB-108.

The egfth cennection of all the secondary lightning arrestors shaif be connected to the substation
earth mat'by means of the specified earthing conductor.

25KV BUSBAR

For secondary circuit breakers of the outdoor structure mounted type, the 25kV aluminium busbar
shall be mounted between the two vertical legs of the 25kV gantry in such a manner as to allow for
a isolating gap of 300mm between the busbar and the terminals of the secondary circuit breakers
should the jumper be removed.
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33.12

33.121

33.12.2

33123
33.12
33.121

33.12.2
33.13
33.13.1

33.13.2

33.14
33.14 4

33.14.2

33.14.3

33144

33.14.5

33.146

33.14.7

38.14.8

33.14.9

33.14.10
33.14.11

33.15

BUSBAR COUPLER (DOUBLE UNIT TRACTION SUBSTATIONS)

For secondary circuit breakers of the outdoor structure mounted type the busbar coupler shall be
mounted on the 25kV gantry structure as shown on Drawing No. CEE-TDB-41 sht 2.

The installation of the busbar coupler shall be done in accordance with specification No.
CEE.0040.83.

The jumpers used to connect the busbar coupler switch to the two busbars shalt be rated at 1500A.
SUBSTATION BUILDING

The substation steel building shall be bolted to the foundation plinth and sealed to prevent the
ingress of vermin.

The orientation of the building to the site will be shown on the substation layout drawings.
EQUIPMENT INSTALLED IN THE SUBSTATION BUILDING

The fayout of the equipment installed within the building shall be in accordance with Drasing No.
CEE-TEC-28.

All equipment installed within the substation building shall be attached to.eitheRthe\fidor or the
walls,

CABLES

Cable trenches shall have a minimum depth of 500mm measured frofPground level. All trenches
shall be backfilled and compacted in layers to the compastien of the surrounding yard.

The exact position and size of each cable in the yagd shall be shown on the cable iayout plan.
These drawings shall be submitted for approval prioftefinstailation.

Asbestos-cement cable pipes shall be installéd bengatPany roadway, where the crossing of a
roadway by cables is required. These pipes shail be'not less than 150mm in diameter and shall
protrude at least 500mm on either sidg of thegoadway. The pipes shall be graded 1:400 for water
drainage.

All cables entering the controjgeguipment building shall be block jointed (50mm of armouring to be
removed) above the grouad. Thelock jointing shall be done before the cables are installed into
the control equipment biliidifig, The block joint shalf be covered by a heatshrink sleeve.

All cables shall terminate’in compression type glands, These glands shall be fitted with neoprene
shrouds.

Armoured,cables termihating on outdoor equipment shall have their armouring connected to
earthed/metal bynmeans of a suitable gland.

Cables aftd earthing conductors connected to equipment installed on steel support structures shall
Pe supporied on the steel structure vertically and horizontally by means of a cable tray. This cable
tray shallbe of the O-Line GS50 Gridspan Wire Mesh type or similar with the wire mesh having a
diameter of 4mm and a hot dip galvanised finish.

The cable trays shall be attached to the support steel in accordance with Drawing No. CEE-TDC-
10.

Should the cable termination box of an item of equipment overhang the vertical steel support
structure, the cable can be installed directly from the cable trench to the terminal box provided a
hot dip galvanised steel cable support is provided. This support must either be securely attached to
the terminal box or be concreted into the ground. (see Drawing No. CEE-TDC-10)

Cable trays for indoor instaliation shall be galvanised type O-line PT38 or similar.
The cables shall be fixed to the cable trays using UV stabilised cable ties.

INFERCONNECTION OF EQUIPMENT
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33.15.1

33152

33.15.3
33.15.4

33.15.5
33.15.6
33.15.7

33.15.8

33.16

33.16.1

33.16.2

33.16.3
33.16.4

Conductors between separately mounted outdoor equipment shall incorporate a degree of flexibility
to avoid any stressing of these connections due to foundation movement or conductor
expansion/contraction and to facilitate alignment of equipment.

All connections to the overhead conductors shall be made using clamps that are specifically
designed and manufactured to make that particular connection (ad hoc fabricated clamps are not
acceptable).

High conductive silicon grease shall be liberally applied to all connections.

All dissimilar metal connections (Cu to Al) shall be made using bi-metallic clamps that are
specifically designed and manufactured to make that particular connection (ad hoc fabricated
clamps are not acceptable).

All copper connections to steel {galvanised) shall be tinned.
The overhead neutral return conductor shall be insulated using disc insulators for 3,3kV.

The overhead track feeder conductors shalt be provided between the 25kV gantry and the
overhead track equipment portal structure.

The overhead track feeder conductors complete with insulation and fitted with guitable bi-mietallic
clamps for the connection of two 160 mm? Cu conductors (provided by others), shalt be supplied

and made off on the track switch portal by the contractor. Others shall daithe connadtion of these
conductors to the track switches. This forms the substation / overheaduiragk eqliiBment contract

boundary.

FENCING AND KERBING

The boundary/stock fence, security fence and concrefeserbing shall only be instalied once all
major items of equipment and steelwork have heenftelivered and installed and all overhead
conductor stringing is complete.

The extent of Boundary/stock fencing, securify fencig as well as kerbing for each substation site is
shown on the substation layout drawing§ TistedNinAfpendix No. 1.

The security fence required shalipe in agcordance with the drawing as specified in Appendix 2.

Kerbing shall be installed in agcogdance with Drawing No. CEE-TEA-1.
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33.17 "RETURN" CURRENT AND SUBSTATION EARTHING

33.17.1  RETURN CURRENT

33.17.1.1 ltis required that the return current from the traction system shall not return to the main
transformer via the substation earth. Therefore the principles set out below and indicated on
Drawing No.CEE-TBD-8 shall be adhered to and adapted to suit the particular equipment offered.

33.17.1.2 An overhead return conductor shall be provided between one terminal of the main transformer
secondary winding (negative bushing) and the overhead track equipment switch structure, where it
will be connected to the overhead track equipment's return circuit by others. This conductor shall
be insulated for at least 3,3kV.

33.17.2 SUBSTATION EARTH

33.17.2.1 A main earth mat shall be installed in Spoornet's substation yard in accordance with Drawing No.
CEE-TBD-8.

33.17.2.2 The earth mat shall be a trench earth system consisting of copper conductor with-asgross sectional
area of 90mm? buried in trenches at a depth of 700mm.

33.17.2.3 Shouid soil conditions be such that this depth can not practically be achievedy the redliced depth
shalt be approved by the Technical Officer. If the trench depth is beloWiB08mm, pfecast concrete
slabs shall be placed 100mm ahove the copper earth conductor instfi@drehch and backfilled.

33.17.2.4 All earth mat joints shall be brazed or exothermically welded.

33.17.2.5 The earth mat connections to structural support steel assgalled for on drawing No. CEE-TBD-8
shall be made via the copper earth connection castgfite the associated foundations. The earth mat
shall be brazed to the tails protruding from the sufiportfoundations at a depth of 6500mm.

33.17.2.6 The earth resistivity of the earth mat shall b€ less tham5 ohms.

33.17.2.7 Aring earth, not forming part of the fior, with%as9@mm? copper cross-sectional area shall be
provided in the substation building. This ring earth shalt electrically connect all steel modules, which
the building consists of.

33.17.2.8 The fences bordering the Spoomet substation yard shall be bonded to the substation main earth
mat as shown on DraWwingWe, CEE-TBD-8.

33.17.2.9 Substation equipmet shall be connected to the earth mat in accordance with the requirements
shown on Drawing\NoWCEE-TBD-8. The following connections shall also be connected to earth
mat:-
+ Cihesarth connection of all lightning arresters

+4 T hewearth connections of the earth blades on the high voltage isolator.

# A suitable terminal to allow for the connection of the secondary switchgear earthing harness’s
to the earth mat.

33.17.2.10 A mast air terminal lightning protection system, hazard class A3, with an earth electrode separate
from the substation earth mat shall be provided and positioned in accordance with SABS 03-
1985 to provide lightning protection for the complete traction substation installation.
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33.17.3
33.17.31

33.17.3.2

33.17.3.3

33.17.3.4

33.17.3.5

33.18
33.181

33.18.2

33.18.3
33.18.4
33.18.5

33.18.6

33.18.7

33.18.8

33.18.9

33.18.10

EARTHING DEVICES

Any device provided for earthing of equipment shalf comprise PVC covered 65 sg. mm Cu
conductors, link stick clamps to fit 500 sq. mm Al. Conductors similar to that shown on Sketch No,
2 at one end, and a clamp for clamping to the earth mat terminal at the other.

The clamps for the connection of the overhead feeder to the load side of the secondary
switchgear, shall be designed such that a suitable attachment for the earthing hamess is
provided.

Portable earth connections adequately designed for safety in application shall be supplied. All
portable earth harnesses shall be approved by the Technical officer.

In a single unit substation a portable earthing harness shall be provided for connecting all
secondary switchgear outdoor bushing terminals simultaneously to the substation main earth mat.

in double unit substations two portable earthing harnesses as per the previcus clause shall be
provided.

NAMEPLATES AND LLABELS

A substation nameplate shall be provided. The names of the substations shallhe as specified in
Appendix No. 1. The nameplate shall be manufactured in accordance with Dtawiag No. CEE-TEA-
2,

Danger warning notices as per Drawing CEE TA-196 shall be supplied and¥itted to the substation
building access door, on each half of the substation gate, one notige on the narrow side substation
fence and two notices on the long side substation fence.

All nameplates and labels shall be in English.
Labels shall be attached by screws or rivets or by &method approved by the Technical Officer.

All labels shall be made of composite sandwich type plastic material of the following colour
combinations ;-

Identification labels . White lettering ofi blackfbackground. Letters must be of sufficient size to be
clearly legibie.

Danger labels : White lettering'eg fed background. Letters must be of sufficient size to be clearly
legible.

The following is a listof approved labels.

On (1)

Off (Q)

Opén (Verb}
Clase’(Verb.)
Closed

Open

Trip

Local

Remote

Do not operate link under load
Open and earthed

L BN A B i N S N

Each circuit breaker and circuit breaker control pane! shall be provided with [abels to indicate the
breaker designation and telecontrol code. Spoornet (Technical Officer) will supply these
designations and telecontrol codes

The proposed labelling scheme must be submitted to the Technical Officer for approval prior to
the manufacture of the labels.
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SECTION 4: - TESTING AND COMMISSIONING

34.0
34.1

34.2

343

34.4
34.5
34.6

34.7

34.8
34.9
34.10

34.1

34.12

34.13

34.14

3495

35.0

TYPE AND ROUTINE TESTING REQUIREMENTS

Type and routine tests shafl be conducted on the equipment to be suppiied. These tests shall be
carried out at the successful tenderers expense.

Test certificates in respect of type tests conducted on identical equipment may be accepted in lieu
of type tests at the discretion of Spoornet.

Delivery of equipment shail not commence before acceptance of type test certificates has been
obtained from the Technical Officer.

Primary circuit breakers shall be tested in accordance with BS 5311.
Secondary circuit breakers shall be tested in accordance with BS 5311,
Primary and secondary isalators and earthing switches shall be tested in accordance witfNEC 129.

High voltage fuses for protection of auxiliary transformers shall be tested in accordanee with BS
2692

Voltage transformers shall be tested in accordance with BS 3941,
Auxiliary transformers shall be tested in accordance with SABS 780

The transformer shall be tested in accordance with IEC 76, includig a test with lightning imputse
chopped on the tail,

Spoornet staff will conduct an out of tank inspection pftle transformer prior to the transformer
being tanked as well as witnessing all the routine mfanufacturers tests carried out at the works. The
co-ordination of manufacturers testing shall bethe regbonsibility of the successful tenderer.

Type test certificates of the transformer desigh offergd shall be submitted with the tender. Should
type test certificates not be available, the requitedstests shall be carried out, the cost of which must
be included in the tender price quoted'as a sgparate item,

Should the transformer offereg,nohave a short circuit type test certificate available, a simulated
computer model of this tegt may besubmitted for Spoarnet's approval, but should this model be
unaccepiable short ciredit testswill be required and shall be conducted in accordance with IEC 76
Part § . An out of tark inspectioi shall be carried out after compiletion of the tests. The tests shall
comprise two shofycir¢lits oft each of the extreme and centre tappings. The short circuits on each
tapping shali be 'ef opposite asymmetry. Short circuit duration shall not be less than 0,5 seconds.
Short circyitgurrent shall not be less than that calculated for a fault on the secondary terminals of
the trapstormerwith rated voltage on the primary terminals from a supply of not less than 2
500MVA

1heguccessful tenderer shall test all concrete used for the construction of the works and the
results submitted to the Technical Officer for approval.

The following equipment shall be inspected by Spoornet staff at the place of manufacture priot to
delivery to the successful tenderers works or to site:

All structural steelwork
The substation building
Battery tripping unit

All control panels

*> > > >

SITE TESTS AND COMMISSIONING

The successful tenderer shall be responsible for carrying out on-site tests and comimissioning of all
equipment supplied and installed in terms of this specification and the contractual agreement.
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35.1

35.1.1

351.2

35.1.3

35.1.4

35.1.5

35.18

35.1.7

35.1.8

ON-SITE TESTS

Functional on-site tests shall be conducted on all items of equipment and circuitry to prove the
proper functioning and installation thereof.

The successful tenderer shall submit a detailed list of on-site tests for the approval of the Technical
Officer af least six weeks before tests are due to commence at the first substation.

The successful tenderer shall arrange for the Technical Officer or his representative to be present
to withess the on-site tests at each substation.

The on-site tests and subsequent commissioning will not commence until all construction work has
been completed. Construction staff, material and equipment shall be removed from site prior to the
commencement of testing. Testing and commissioning of the substation equipment will not be
allowed fo take place in a construction site environment.

On-site tests shall include the following ;

+ Polarity tests on all VT's and CT's

+ Ratio tests on all VT's and CT's

+ Magnetising current of all CT's

¢ Secondary injection of all relays

+ Trip testing, all relays must be checked for correct operation.

+ The functionality of all electrical circuitry must be tested. !

+ A power frequency voltage test on all 26kV equipment at 57kV for one minute.

+ A power frequency voltage test on all small wirltig ‘&t 2kV for one minute.

+ A millivolt-drop test on 25kV circuité with algurént of not less than 200A.

+ A proof of vacuum test on vaguurm Sitcuit breakers.

+ Tests on primary circuit bfeakets and other primary equipment in accordance with
manufacturer's instrtictions)

At the completionef thefon-site tests the Technical Officer or his representative, shall either sign
the test sheets (Suppliet\by the successful tenderer) as having witnessed the satisfactory
completiondheredf, orhand to the successful tenderer a list of defects requiring rectification.

Upondectifieation of defects the successful tenderer shall arrange for the Technical Officer or his
representativefto certify satisfactory completion of on-site tests for that particular substation.

Agceplance by the Technica! Officer of satisfactory completion of on-site tests in no way relieves
thetgontractor of his obligation to rectify defects which may have been overlooked or become
evident at a later stage.
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35.2
36.2.1

3622

3523

3524

35.2.6

3526

35.2.7

3528

36.0

36.1
36.1.1
36.1.2

36.1.3

36.1.4

36.2

COMMISSIONING OF EQUIPMENT

Commissioning will include the energising of equipment from the primary isolator to the track
feeder circuits. The successful tenderer must prove the satisfactory operation of all equipment
under live conditions .

On completion of commissioning the successful tenderer will hand the substation over to the
Technical Officer in terms of the relevant instructions.

Tenderers shall allow a period of at least three days per substation between satisfactory
completion of on-site tests and commissioning of equipment.

During this period the Spoornet’s Test staff will test the operation of all protective relays and circuits
and set the protection relays at each substation.

The successful tenderer installation staff shall be present during the testing and setting of the
protection to rectify any faults found.

On-site testing of the first substation must therefore commence ahead of the contract completion
date, by a period not shorter than a total of three days per substation.

The commissioning of the protection equipment by Spoornet will in no way absolvesthe successful
tenderer from any of his responsibilities during the guarantee period. It is the successfultenderers
responsibility to satisfy himseif that the commissioning of the protection equiprent has been
carried out in a satisfactory manner and in no way compromises the proper aperatiofl of the
equipment supplied in terms of the contract.

The commissioning dates for the substations will be dependent of the Availability of power supplies
from the supply utility as well as Spoornet's electrification prograf and will be defined by the
Technical Officer.

DRAWINGS, INSTRUCTION MANUALS AND SPARES LISTS

Drawings, instruction manuals and spare partsscatalggues shall be supplied in accordance with
Spoornet specification CEE.0224.94

DRAWINGS
All as buiit drawings shall be sugpliedin electronic format. (Microstation/Acad)

All drawings (paper prints) shall Be submitted to the Technical Officer for approval. No construction
or manufacturing activityawil e allswed prior to the associated drawings having been approved by
the technical officer.

The following drawinigs’are sequired for approval prior to construction and submission in as built
form at the complétiomefithe works:

+ Elegtrical schematic diagrams

+ Detajled electrical wiring diagrams

+ Foungétion design drawings (for all foundations)

%, Structural support steelwork design drawings

+ Site equipment layout plan showing equipment and conductor profiles.

+ Earth mat layout plan showing position of buried conductors.

+ Buried cable layout plan showing position of buried cables.

+ Substation control equipment building plans.

A complete set {paper copies bound in book form) of the electrical schematic and detailed wiring

diagrams shall be provided for each substation and shall be in the substation at the commissioning
stage.

INSTRUCTION MANUALS
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36.3
36.3.1

36.3.2

36.3.3

37.0
37.1

37.2

37.3

38.0

39.0

39.1

The tenderer shall supply three copies of an instruction/maintenance manual for each unique
installation. (if a number of substations are of the same design only three copies of the manual will
be required with the names of all the substations to which the manual applies to clearly indicated
on the cover)

SPARES LISTS

The successful tenderer shall submit details of spares required in accordance with specification
No. CEE.0224.94

All spares recommended for normal maintenance purposes that are not available locally (requires
importation) must be highlighted

Tenderers shall however include in their offers, separate quotes for the supply of certain major
items of equipment as strategic spares. [ndividual prices shall be given for one of each of the
following items:

20MVA traction transformer complete

HT traction transformer bushing

LT traction transformer bushing

HT primary circuit breaker complete with operating mechanism
25KV secondary circuit breaker complete with operating mechanism
27 ,6kV/240V 16kVA auxiliary transformer

26,4kV/110V Voltage Transformer

*> > > S+ S+ > »

SPECIAL TOOLS AND/OR SERVICING AIDS

Special tools or servicing aids necessary for the efficientmaintenance, repair or calibration of the
equipment shall be quoted for separately.

The tenderer shall quote for the supply of SF6 gas filling equipment as well as a distance
impedance relay test set.

Tenderers shall submit detailed offers fér Speeialtgols and servicing aids including afl specialised
equipment required for the servicing and maifitenance of SF6 and vacuum circuit breakers,
distance impedance relay calibration ang testing equipment.

TRAINING

The tenderer shall submitdetails with the tender of the training courses which wifl be conducted by
the successful tendererfor the training of Spoornet maintenance staff in the operation and
maintenance ofthe'substation equipment with emphasis on the protection scheme. The courses
shall include thedretical as well as practical tuition. The dates and venue of these training course
shall bedrrangedWith the Technical Officer.

GUARANTEE’AND DEFECTS

ThE suctessful tenderer shall guarantee the satisfactory operation of the complete electrical
installation supplied and erected by him and accept liability for makers defects which may appear in
design, materials and workmanship.
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39.2 The guarantee period for alf substations shall expire after; -

A period of 12 months commencing on the date of completion of the contract or the date the
substation is handed over to Spoornet whichever is the later, or

A period of 12 months commencing on the date of commissioning of the last substation,
whichever is the later date.

Any specific type of fault occurring three times within the guarantee period and which cannot be

393
proven to be due to other faulty equipment not forming part of this contract e.g., faulty locomotive
or overhead track equipment, etc., shall automatically be deemed an inherent defect. Such
inherent defect shall be fully rectified to the satisfaction of the Technical Officer and at the cost of
the successful tenderer.

394 If urgent repairs have to be carried out by Spoornet staff to maintain supply during the guarantee

period the successful tenderer shall inspect such repairs to ensure that the guarantee period is not
affected and should such repairs be covered by the guarantee, reimburse Spoornet the coghof

material and labour,
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APPENDIX 1

SUBSTATION SITES (NAMES AND LOCATIONS) AND DEGREE OF POLLUTION

SUBSTATION SUBSTATION X-AXIS LAYOUT PLAN
SITE NO. NAME KM POSITION DRAWING No.
1 ANTRA 2.543km CEE-TEB-177

Regree of pollution - Specify the pollution level applicable to each site. Most sites will have the sarfie degree
of pollution (average polluted area), with traction substations at the coast or in industrial areassbeitig defined
as severely polluted areas.

The X-axis km position is the position on the track to which the X-axis indicated on the Tayotit dratving for a
traction substation site must be aligned to.
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1.0
1.1

1.2

APPENDIX 2

SCHEDULE OF REQUIREMENTS FOR AC TRACTION
SUBSTATIONS

The Number of substations required and their Primary voltage must be specified.

The specific requirements for each traction substation must be specified eg. (No. of breakers, what
type of security fence is required, extent of security fencing and kerbing, any special design
considerations efe.)

The foliowing table must be completed quantifying the major items of equipment required at each
traction substation.

P.l. P.CB. M.T. S.L I.F. T.F. B.C. AT. V.T
1 1 1 1 1 2 0 2 1
NOTE 1;

P Primary isolator.

P.C.B. Primary circuit breaker.
M.T.Main transformer.

S Secondary isclator.

iF. Incoming feeder.

TF.  Track feeder.

B.C. Bus coupler.

AT.  Auxiliary transformer.
V.T. Voitage transformer.
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APPENDIX 3

SCHEDULE OF DRAWINGS SUPPLIED BY SPOORNET

DRAWING No.

CEE-TCA-92
CEE-TDB-41 sht 1
CEE-TDB-41sht2
CEE-TDC-10
CEE-TDF-15 sht 1
CEE-TDF-15 sht 2
CEE-TDF-16
CCE-TYPE 1-45
CEE-TEA-1
CEE-TEA-2
CEE-TEB-177
CEE-TEB-178
CEE-TEB-179
CEE-TEB-180
CEE-TEE-173 sht 1

CEE-TEE-173 sht 2
CEE-TEE-173 sht 3

CEE-TEC-28
CEE-TBK-27
CEE-TBB-109

CEE-TBD-8
CEE-TA-196
CEE-PFB-30

CCE-FG-263

SKETCHES

TITLE

Key box 25kV AC fraction substation

Double unit switch gantry 25kV AC traction substation

Single unit switch gantry 25kV AC traction substation

Cable tray details in yard 25kV AC traction substation
Substation security fence detail 25k AC traction substation
Gate detail for security fence 25kV AC traction substation
Substation Palisade fencing detait 25kV AC traction substation
Boundary / stock fencing

Kerbing for substation 25kV AC traction substation

Traction substation nameboard

Antra substation yard layout - 25kV AC traction substation
Intshamanzi substation yard layout - 25kV AC tractioms@bstation
Nseleni substation yard layout - 25kV A@straction substation
Ekupheleni substation yard layout - 28kv AC traction substation

Pipe and earth details in smail fdundatidn28kV AC traction
substation

Pipe and earth details indafge fouhdation 25kV AC traction
substation

Pipe and earth détailsortransformer plinth 25kV AC traction
substation

Substatiof buildingwetail and layout 25kV AC traction substation
No volt colffor circuit breakers

Singl& line diagram and protection requirements 25kV AC traction
supstation

Bafthing arrangement 25kV AC traction substation
Sign warning, electric shock hazard 25kV AC traction substation

Typical mounting arrangement for Aux transformer on track
structures

Details of cables in Spoornet's formation

Thefoliowingsketches are part of this appendix and are referred to in the specification:

SKETCH No. 1
SKETCH No. 2

Structural steel support for CT’s and LA's
Earth harness clamp
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