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52
5.3
54

5.5

BBB 2502: Requirements for battery charger for 3kV DC traction
substations.

BBS 2721: AC primary circuit breaker controf panel and AC/DC
distribution panel for 3kV traction substation.

BBB 3005: 3kV DC under voltage relay manufacturing specification.

BBB 3139: Wave filter capacitors for 3kV DC traction substations.

BBB 3162: Wave filter inductors for 3 KV DC traction substations.

BBB 3890: Requirements for 1.8 milli Henry DC reactor for 3kV DC
traction substations.

BBB 5019: Requirements for traction transformers for 3kV DC traction
substations in accordance with BS 171 and IEC 60076-1.

BBB 7842 Outdoor, High Voltage, Alternating Current Disconnectors
combined with earthing switch.

BBC 0198: Requirements for the supply of cabies.

BBC 0330: Isolation transformer,

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

TENDERING PROCEDURE

Tenderers shall indicate clause-by-clause complianceith the specification as well as the relevant
equipment specifications. This shall take the formyof a separate document listing all the
specifications clause numbers indicating the individual statement of compiiance or non-compliance.

The tenderer shall motivate a statement of nonscompliance. e L

Tenderers shall submit descriptiveliterattiresConsisting of detailed technical specifications, general
constructional details and prinBipalidimensions, together with clear illustrations of the equipment
offered. : S e

Failure to comply with€lauses 3.9) 3.2, and 3.3 could préélude a tender from consideration.
SERVICE CONDITIONS

The equipmenityghall be designed and rated for installation” and:-continuous. operation under the
followings€onditions® BT

Altitude; 0 to 1800m above sea level -1 =

Ambient tefperature: S5°Cto+45°C.

Relative humidity. 10% to 90%

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

Pollution; Heavily sait iaden or polluted with smoke from industrial
sources.

ELECTRICAL SERVICE CONDITIONS

The incoming AC voitage can vary £5% of the nominal syst-em-‘r»:m.s voltage. Under crippled
conditions the supply voltage can drop to as low as minus15% of the nominal r.m.s voltage.

Frequency of the supply voltage is 50 £+ 2.5 Hz, .
The AC high voitage system shall be treated as effectively earthed uniess otherwise specified.

The traction DC supply voltage is 3,15 kV DC nominal but can vary between 2,4kV and 3.9kV for
sustained periods.

The 3KV DC equipment may be subjected to fault currents up to 30kA for 200 milli seconds.
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7.5

8.0
8.1

8.2

8.3

8.4

GENERAL REQUIREMENTS

......

Equ:pmentlinstaiiat:ons supplted shall be in terms of this specification. Deviations from the
specification will‘nbt be'allowed Without the written consent of the Project Manager/Engineer.

Transnet Freight Raif réserves the right to subject material and equipment offered to test or

pl

stage during manufactute.

The tenderer 'shall’ submit the layout drawings of equipment, electrical wiring schematics, and
constructional designs to. Tranpsnet Freight Rail for design review.

The successful tenderer, will be responsible for all costs caused by modifying or replacing equipment
accepted by Transnet Freight Rail on the grounds of his statement of compliance and found by
Transnet Frelght Rail fnot to comply

; N
All equzpment sha be adequalely earthed, insulated, enclosed and interlocked to ensurgthe safety
of staff as well as equipment.

ot st

The general de5|gn and_ Fayout.of all equipment shall provide for easy access to all'paris.

The eqmpment shaII be: lnstai!ed in such a manner sc as to mit fire damage, Wwhich may be caused
by equnpment fallure ovetheating ot flashovers.

PSR

The substatlon controi and protection circuits shall be designed andswiret, accofding to the fail-safe
principle. Controlequipment, contactors and relays shall de-energise uUnder fault, power failure or
alarm (flag) conditions, ' -

No h|gh voltage cables shail be iaid in the same trench arduct as low voltage cables.
GENERAL DESIGN OF EQUIPMENT
This sectson cpvers substatlon equ:pment witl eleétrical capacities between 3,0 MW and 6,0 MW,
The overfoad ratings of fhe rectifier units'shallbe:
2 times full toad for thirty minutes,
3 times full foaﬂ for one minute,

3 Y times quF !oad for ten segonds.

The substation can either be.a single unit or double unit substation. Each unit comprises of one set
of high voitage AC switehgéar, one rectifier transformer, and one rectifier assembly, connected for 6
or 12 pulse gperation‘and protected by a AC primary circuit breaker,

For a délible unit'substation each unit shall have the overload rating as specified in clause 7.2.

Edchisubstation unit shall be capable of operating independently to allow for maintenance, fault
findingsand servicing of the equipment.

INSULATION AND CLEARANCES FOR 3kV DC EQUIPMENT

All indoor eguipment, which may be energised at a potential of more than 1,0kV shall be protected
by, metal barriers, mesh type screens ot panels.

The minimum clearance in air between the rectifier unit and any metal barriers, mesh type screens
or panels shall not be less than 450mm.

All exposed electrical equipment and bushars connected between the rectifier transformer
secondary and the recfifier cubicle(s), or between the rectifier cubicle(s), positive isolators, DC
smoothing equipment or track breakers, which is at a potential above 1,0kV, shall be arranged so

that there is a minimum clearance of 2,7 m from the lowest "live" high voltage connections and -

ground or the floor of the access way, unless suitably screened, or otherwise protected.

All nominal 1,5kV and 3kV insulation to earth shall be designed such that the complete rectifier
assembly, when installed on site ready for commissioning, will successfully withstand a test voitage
of 10,5kV, 50 Hz AC for one minute,
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9.1

9.2

Where the equipment or subassemblies of the rectifier assembly is enclosed and insulated from the
outer framework, the insulation between the equipment and outer framework shall withstand the test
voltage of 10,5kV 50 Hz for one minute.

The clearance between the reactor and any metal frame shall not be less 100mm. The reactor must
successfully withstand a test voltage of 10,5kV AC 50 Hz for one minute

The successful tenderer shall advise what precautions must be taken before undertaking the
withstand insulation level voltage tests to avoid damage to the equipment.

Creepage distance of insulation and the required air clearances shall be as large as possible. The
latter shall not be less than:

» Outdoors: 150mm between the transformer secondary busbars and any steelwork such as
wall plates, screening etc.

» Indoors: 100mm between the equipment at nominal 1,5kV or 3kV DC and negativé\busbars
and panel steelwork, between the high voltage AC supply to the rectifier dubicles and
panel steelwork, the equipment at nominal 3kV DC and negative busbars.

OUTDOGR CLEARANCES AND INSULATION LEVELS

The minimum safety outdoor earth clearances which shall be maintainedteiweén aiy live conductor
or metal and earthed metal and the minimum clearances of poweslines above ground are in
accordance with the statutory requirements of clause 15.1 of the “Electrical Machinery Regulations”
of the "Occupational Health and Safety Act and Regulations, Act 85,1993") and are tabled below: -

TABLE 1:

Highest phase-to- 24kv 38KV 48kV. 72kV 100kV 145kV
phase r.m.s voltage b
for equipment. (U}

Nominal system 22kV 33kV 44kv | 66kV |, 8BkV 132kV
r.m.s. voltage. {Un) ; ,

Minimum safety 320mm  |30mm™! 540mm | 770mm | 1000mm | 1450mm
outdoor clearance . RN .

Minimugn ' clearance of power fines above ground

Quiside security 5200mm 5300mm 5400mm 5700mm SQOOmm 6300mm
fence but within
Transnet Freight coend SN e
Rail's resepse Py

Outside Trarfénet 5500mm | 5500mm | 5500mm | §700mm | Bo0Omm | 6300mm
Fraight Rail's reServe i

RELTE NI S

In terms of Transnet Freight Rail's Electrical Safety Instructaons thga clearahces between the nearest
exposed electrical equipment and a restricted access way are tabled_below -

TABLE 2:

Highest phase-to- 24kv 36kv 48kV. 72.5kvV 100kV 145KV
phase r.m.s voltage o P
for equipment. (Up)

Nominat system 22KV 33kV 44kV 56KV _ BSkV . 132kV
r.m.s. voltage. {U,) P

Restricted access 2820mm | 2930mm | 3040mm | 3270mm { 3500mm | 3950mm
way (Vertical o

height) *

A Division of Transnet Limited Registration Number 1990/00900/08 ' Page 7 of 27
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*See clause 903.1.3 of "Transnet Freight Rail's Electrical Safety Instructions™

(The vertical, heights in restricted access ways for the various system voltages are calculated by
adding 2,5mietres to the normal outdoor earth clearance for the different system voltages. Refer to

Annexure 9.4 of Transnet Freight Rail's Electrical safety Instructions).

INSULATION LEVELS

For the medium and high voltage nominal r.m.s voltage systems on Transnet Freight Rail the

recommended Insulation levels in accordance with SANS 1019 is tabled in table 3.

TABLE 3

Highest phase-to-
phase r.m.s voltage
for equipment. (Um)

Nominal system
r.m.s. voltage. {un)

Rated lightning
impulse withstand
voltage peak.

Rated short duration
power- frequency
withstand r.m.s voltage.

75 KV 29 KV
i
95 KV 28 KV
150KV 50 Ry
e

36 kV 33KV 200 KV 70KV

52 KV ., 44KV 250k 95 KV
L6 kY 350.kV 140 KV
100KV - - 88KV 380 KV 150 KV
| 450 KV 185 kV
145 kV Bauv 550 KV 230 KV
650 KV 275 KV
245 KV 220 kV 850 KV 360 KV
950 KV 395 KV

Insulation Ievels for highest voltage for equipment Uy, < 100 kV are based on ah earth
fault factop equalto v 3 and for Uy, > 100 kV an earth fault factor equal to 0,8 3.
Wherelrore than one insulation level is given per voltage system, the higher level is
appiopriate’for equipment where the earth fault factor is greater than 1,4.

TABLE 3: Standard Voltages and insulation levels in accordance with SANS 1019:2008 [1}

SECTION 2: TRACTION SUBSTATION EQUIPMENT
OUTDOOR YARD EQUIPMENT

METAL OXIDE SURGE ARRESTERS

The contractor shall supply and install metal oxide gapless surge arresters in accordance with

Transnet Freight Rail's specification BBB 0845.

The surge arresters shall be connected between each phase of the high voltage supply and
substation main earth electrode/earth mat

The maximum protected distance from the main {ransformer bushing terminal to the surge
arrester terminal shall be as indicated in table 4.

A Division of Transnet Limited Registration Number 1990/00900/06
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10.5

11.0

12.0

13.0
13.1

13.2

13.3

13.4

14.0

14.1

15.0

15.1

15.1.1

16.1.2

15.1.3

TABLE 4:
NOMINAL SYSTEM R M.S MAXIMUM DISTANCE (Metres)
VOLTAGE (kV)
44kV 5
66kV 6
88kV 6
132kv 7

The neutrals of high voltage supplies are to be treated as effectively earthed unless otherwise
specified.

For the installation of high voltage surge arresters on the main transformer, refer tofransnet Freight
Rail' s drawing BBB 0938

HIGH VOLTAGE AC DISCONNECTOR

The contractor shall supply and install the high voltage AC disconne€tiig Switch in accordance with
Transnet Freight Rail's specification BBB 7842.

HIGH VOLTAGE PRIMARY CIRCUIT BREAKER

The contractor shall supply and install the high voltage’™€ primary circuit breaker in accordance with
Transnet Freight Rail's specification BBB 1267.

MAIN CURRENT TRANSFORMERS

The main current transformers shall fcomply“with the requirements of Transnet Freight Rail
specification BBB 0937. :

The main current transformers@halleither be fitted in the high voltage bushings of the main traction
transformer or shall be the freestanding post type current transformers install on the line side of the
main traction transformes?

in the event of Eskam oxflocab Utility requiring three current transformers for metering purposes the
successful contractor shallsUpply and install the additional current transformer.

The ratioggaccuracy, and burdens of the current transformers shall be in accordance with Transnet
Freight Rail's/8pecification BBB 0937.as specified: L e i

MAIN TRAGTION TRANSFORMER

The ‘pntractor shall be responsible for the delivery, assembling, filling of transformer oil and
installation on site of the main traction transformer in accordance .with Transnet Freight Rail's
Specification BBB 5019.

AUXILIARY TRANSFORMER

The contractor shall make provision for the supply of an auxiliary transformer which shall comply
with the requirements of SANS.780

The auxiliary transformer shall be three phase with a minimum rating of 50kVA or higher depending
on the substation requirements.

The 3 phase auxiliary transformer shall be suppliéd from the tertlar;/ winding of the main traction
transformer

The auxiliary transformer shalt be the sealed unit type suitable for oiitdoor. installation. Full details of
the transformer shall be submitted.

P AR
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17.1
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18.1

18.2

18.3
18.4

18.5

In the case.of a double unit substation one auxitiary transformer may be provided unless otherwise
specified.

The 's‘eizdn.dai‘fy , lng ofthe auxiliary transformer shall be star-connected.

The auxiliary tramsformer shall supply the required kVA rating without exceeding the permissible
ternperature T dwn i SANS 780,

The rorfinal no-6ad secondary voltage of the auxiliary transformer shall be 400V three phase.

Off-lodd, exterrafly ‘operated tap changing’ gear shall be provided on the transformer, with tappings
to compensate for any change in the main transformer tapping.

All primary and secondary terminals, including the secondary neutral, shall be brought out through
the transformer tank by means of bushing type terminals and shall be arranged for busbar/cable
connectlons ORI

AUX!LIARY TRANSFORMER PROTECTION

PRIMARY WINDING A .

The cantractor shaﬁ make _provision for overload protection of the pripary winding. Refer to
clause 8.8 of spemﬂcahon No BBB 2721.

The “p’ro’tec’tiéh' é‘y's‘stem' shall consist of an approved type of overload rélay With its associated current
transformers

SECONDARY WINDING

The contractor’ sheili supply and install a three phasefis@latingtand earthing switch for the secondary
supply of the auxiliary transformer to the substation:

The isolating and earthing switch shall be fitted with tnechanical interlocking of the key exchange
type, which shall form part of the interlogking ‘procedure for the substation. Refer to ¢clauses 31.0 and
32.0 of this spedification:

AC EARTH :L"EAKAGE CURRENT TRANSFORMER.

The contractor shall supply, and ingtall a bar primary current transformer for the AC earth Ieakage
protection. Thé ‘cutrent transformer shall be installed on the support steel structure of the primary
circuit breaker. =

One terminal of the primaty winding shall be connected to the primary circuit breaker frame and the
other termifial, shall beé connected to the substation main earth electrode/mat. (Refer to drawing
CEE-TBD-7 and'BBB 3620).

The current transformer shalf be class 10P10, ratio 50/5 or 100/5.

The current transformer shall be designed to withstand a test voitage of 2kV for 1 minute.
INDOOR EQUIPMENT
3kV BC RECTIFIER

The contractor shall supply and install 3kV DC rectifiers in accordance with Transnet Freight Rail's
Specification BBB 0496.

Each rectifier unit and its associated control equipment shall be designed to form an independent
unit.

The rectifier equipment shall be installed in screened bays fitted with gates.

The gates shall be fitted with mechanical intetlocks of the key exchange type in accordance with
clauses 31 and 32 of the specification.

The bay screens shall be constructed of approximately 25mm woven wire mesh or expanded metal
fixed to tubular or angle iron frames complete with doors, pillars, gates etc,

A Division of Transnet Limited Registration Number 1990/00900/06 Page 10 of 27
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The height of the screens and gates shall be similar to the height of the control panels but shall be
not be less than 1,8 m.

In a double unit substation the rectifier units are referred to as the "A" and "B" units and shall be
labelied as such.

It is required that each rectifier unit in a double unit substation can be isolated independently and
earthed without shutting down the whole substation.

Individual rectifier units shall be screened from each other and from any other live common
equipment. A mechanical key exchange interlocking system type in accordance with clauses 31 and
32 shall be fitted to ensure the safety of personnel working on the isolated rectifier equipment.

The rectifier units and bay screens shall be insulated from the floor.

3kV DC REACTOR

The contractor shall supply and instail & 1.8 milli Henry 3kV DC air core reactor for @ach rectifier
unit. The installation shall include the supply of all the required insulators, foundatiens, foundation
bolts and fasteners.

The 3kV DC reactor shall be in accordance with Transnet Freight Rail's Specification 8BB 3890.
The reactor shall be insulated from the substation floor by means of insulaters.

Sufficient space shall be allowed for access to the reactor for mainténance and inspection purposes.
WAVE FILTER

The contractor shall supply and install the wave filteffequipment’in accordance with Transnet Freight
Rail's specification BBB 3139 for wave filter capagitorg&dnd BBB 3162 for inductor coils.

A wave filter is connected in parallel with the\rectifier output. The fliter unit is a capacitive inductive
circuit, which is tuned to resonate at spe€ific hatmenic frequencies.

The filter equipment shall be so designed that no individual harmonic voltage is greater than 2% of
the output voltage. , L

The inductor coils shall hdVe, sufficient adjustment to compensaté’ for change in the capacitance
values due to ageing. Referto Transnet Freight Rail's, .drawing BBB 3483 for assembly.

A 100 Ampere HighyRupturing Capacity (H.R.C) fuse shall be fitted to protect the wave filter
equipment,

The fusgfiolder shall be mounted on insulators. R

U nidhains

ThefinsulaterssShall be so designed that the flashover path is not tess than 106mm and shall support
the fusesat a distance of not less than 100mm from the botts securlng the base plate. The insulators
shailhave a minimum dry flashover value of 20kV.

Access to the wave filter equipment shall only be possibie once thé Wave filter capacitors have been
Gonnected to rail, discharged and the primary circuit breaker tripped. ,

A 75 kilo Ohm resistor consisting of fwo 150 Kilo Ohm, 150 watt vatreous enamel resistors connected
in parallel shali be provided for the discharging of the wave filter capacitors when the equipment is
isolated and earthed.

The discharge resistors shall be mounted on a suitable -nsulation panet.or bar, which shall be
insulated for 3kV DC. A minimum clearance of 76mm must be provsded between the terminals, and
100mm between any 3kV live portion of the equipment and earth ST S

The wave filter capacitors shall be earthed with 95mm? P\/C msulated copper cables to the DC sarth
leakage system. , . o et

The wave filter equipment shall be housed in a separate expios:on proof room or cubicle.
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24.0
241

24.2

25.0
251

25.2

25.3

254

3KV DC POSITIVE ISQLATOR
The contraétor shall: suppiy and instafl the 3kV DC positive isolator in accordance with Transnet
Freight Raﬂ s spec.lflcation‘BBB 4724,

The DC posrtwe |so!ator rnetal cubicle/housing shall be insulated from the substation floor,

CONTROL: PANELS

The contractor sHall: supply:and install the AC primary circuit breaker control panel and the AC/DC
distribution pane[ in accordance with Transnet Freight Rail's specification BBB 2721.

The control panels shall be msulated from the substation floor.

o H

ELECTRONIC EQUIPMENT

The tenderer must be aware that high voltage surges and transient voltages can be induced in low
voltage and ¢onfrol wiriig due to switching and lightning. Special care shall be takenginithe design
and !ayout of the equment to limit these voltages.

Eiectromc equipment shaEI suitably be protected against over voitages, surges and transients. Dehn
type surge protectlon umts or equrvalent shall be used. Libseral use of metal oXide varistors is also
encouraged o

BATTERIES

S AR S
The contractor shall supply, mstall and commission a 53 celll 110 Vioit Blanté lead acid battery bank.
The capacrty"bf the - battef‘y ‘can either be 100 Ampere hour rating, 200 Ampere hour rating or
capacity depéntiant on the ‘substation requirements.
The ‘standard: for' the ‘batteries shall be the 10-hafr rate at 20°C. The battery shall be capable of
delivering a minimum of 10 Amperes for 10 houss,

Batteries are'installed in traction substations for control and protection purposes. The battery is used
for the foflowing functions:

Tripping and ¢losing of primiary circuitbreakers.

Supply to protection relaysy

Closing and holdlng corl supgly to DC high speed circuit breakers.

110 Volt supply fe control panel.
BATTERY CHARGER.

The contdctorshall supply and install the battery charger in accordance with Transnet Freight Rail's
specificationsBBB 2502.

- .

The battery charger shall be insulated from the substation floor by means of "Marley" or "Lino" floor
covering not less than 2mm thickness.

TRACK FEEDER HIGH SPEED CIRCUIT BREAKERS

The successful tenderer shall supply and install the required 3kV DC high speed circuit breakers in
accordance with Transnet Freight Rail's specification CEE.0099 as well as with the following
additional requirements:

The high-speed circuit breakers shall be of the conventional truck mounted type as commoanly used
by Transnet Freight Rail in the 3kV DC traction substations,

High-speed circuit breakers shalt be fitted with an automatic reclosing feature, which provides for 1
{one) reclosure at 20 to 35 seconds interval. Refer to drawings CEE-TBP-35, "Connection diagram
for the high speed circult breaker and electronic control relay”.

CEE-TBP-39."Circuit diagram for auto reclosure for the high speed circuit breaker.

Transnet Freight Rail shall provide the auto reclosure relays. The relays shall be wired by the
contractor in accordance with the requirements of clause 25.3.
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The high speed circuit breakers shall be complete in all respects. This shall include housings, rack
out trucks, base rails, main and auxiliary contacts and flapper gear and any other filtings or
equipment required for the correct operation of the high-speed circuit breakers.

The high-speed circuit breakers shall be racked into breaker cells, each having two fixed contacts
mounted at the rear of the breaker cell. One contact is connected to the substation positive busbar
and the other to a wall bushing mounted in the building outer wall.

All other items of material such as cell slabs, main busbars, earthing connections, wall bushing
plates or blanking-off plates, control cables etc, shail be included in the tenderet’s offer.

Transnet Freight Rail shall provide details of the wall plate frame and standard cell slabs where
applicable.

Where access is possible to the rear of the high-speed circuit breakers (busbar chamber) access
barriers shall be installed,

The barriers shall be fixed to angle iron frames with fasteners which only be removed with tools.
Warning signs shall be fitted to the barriers.

MODULAR TYPE STEEL HOUSED HIGH SPEED CIRCUIT BREAKERS

Where tenderers offer modular type high-speed circuit breakers they Sialsubmit full information,
construction and dimensional drawings with their offer.

Transnet Freight Rail specification CEE.0227 shall be used ag a guideline,

The tenderers must be fully aware that the requirements,of Transnet Freight Rail's specification
CEE.0099 are relevant. o .

Transnet Freight Rail reserves the right to accept ohdfeject offers for equipment after consultation
with tenderers. Transnet Freight Rail's Seniof Engineery Technology Management, shall approve all
designs. 4 P

The modular type steel housings shall he insulated from the substation, floor. .
REGENERATIVE HIGH SPEED\CIRCUIT BREAKER """ "

At certain substations Jrafispet Freight Rail will require "3kV 'DC reégenerative braking energy
absorption equipmentIf jequited the successful contractor shall supply the high speed circuit
breaker for the pretectioh ofsthe regenerative breaking. equipment. in accordance with Transnet
Freight Rail's specification\@EE.0099.

3kV DC UNDERYOLTAGE RELAY

The eontrgCtor shall supply and instalt a 3kV DC undervoltage relay with a high voltage potential
difider’in ag€ordance with Transnet Freight Rail Specification .BBB ;3005 and shall provide the
following:

Fibre optic technology must be used to provide galvanic';iéfj'iétioh betWeen the potentiél divider and
the undervoltage relay.

The potential divider shall be mounted in the 3kV bushar chamber or in the high voltage
cornpartment of the positive isolator cubicle in accordance with Fransnet Freight Rail's Specification
BBB 4724.

The potential divider shall be protected by an H.R.C.fuse connected:between the positive side of the
3kV DC supply and the input of the potential divider.. .= = = . .00 0 ‘

Insulation clearance shall be not less than 100mm. All normally live equipment on the potential
divider shall withstand a test voltage of 10,5kV AC RMS 50 Hz:for tne minute to earth without
breakdown.
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298.11.1

If the undervoliagé relay is wall mounted, an engraved warning label shall be fixed to the front of the
undervoltage rel pane! wnth the following warning:

bt WARNING

THE F’OSleVE »_USB’A*R’-*MUST BE {SOLATED AND EARTHED BEFORE WORK IS
UNDERTAKEN ON‘THE UNDERVOLTAGE RELAY

The following 6onnéct|0hs shaII'conS|st of 95mm? cross-sectional area copper or copper equivalent
conductors, ©f iiar s

. Potenttal ledeHo negatlve busbar.
Res:stor base plate to DC earth leakage busbar.
. Refay metal case to DC earth leakage busbar.
SECTION 3: INSTALLATION
SUBSTATION EARTHING
INDOOR EARTHING (REFER TO DRAWING CEE-TBD-0007)

The successfu! contractor shall supply, install and comply with the following:

The supply and installation in the substation building of all earthing conductors for the earthing of all
metal work which includes supporting frames, control panelsd battergcharger, positive isolator panel,
track breaker cells, rectifier bay screens, chequer plates and metal bases of insulators mounted
diractly on the waﬁs or floor etc

The frames and bases of a!i items associated with thes8kV DC including the track feeder wall plates,
shall be connected thrpugh the DC earth ledkageyrelay to the negative busbar in accordance with
Transhet Freight Rail*s drawing CEE-TBD-0007.

The DC earth'léakage refay-and the installation thereof shall comply with the requirements specified
in clause 8.6°of Trahsnet Frelght Rail' s\spegification BBB2721.

Earthing condiictors which could,be subjected to 3 kV DC faults caused by insulation breakdown,
efc., shall be ndt less thanNg0mny‘Copper strap cross-sectional area or 95mm cross-sectional area
PVC insulated stranded goppeb cable. Other earth conductors must have a minimum of 18mm?
copper cross-sectionahdrea,

The earthing system for the 3kV DC positive busbar chamber shall be supplied by the successful
tenderergThe Hesign of the system shail be in conjunction with Transnet Freight Rail staff.

Thessuceéssfubtenderer shall supply the portable earthing device and cables according to Transnet
Freight Rail'€ reguirements.

Aillgonnections to the DC earth leakage relay shall form part of a ring circuit for safety when part of
the circuit is disconnected, Refer to drawing CEE-TBD-0007,

The earth conductors shall not bé installed in such a manner as to bridge out the earth leakage
refay.

The resistance between the DC eatth leakage busbar and the substation main earth electrode/mat
shalt be not less than 25 ochms.

Holding-down bolts grouted in the floor shall not be in direct contact with reinforcing or in with the
earth under the concrete floor in the substation.

Where mounting bolts are used for securing electrical equipment to the floor, these bolts must be
insulated to prevent electrical contact with any reinforcing or floor.

The indoor substation equipment shall be earthed in groups as shown in Transnet Freight Rail's
drawing CEE-TBD-0007.
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OUTDOOR EARTHING (DRAWING NO CEE-TBD-7 AND BBB 3620)
The successful tenderer shall supply, install and comply with the following:

Outdoor yard earthing which includes earth spikes, trench earths, earth connections to the support
steel structures and fence posts. The material used shall comply with Transnet Freight Rail's
specification BBB 3059 and drawing BBB3620.

A rail-earth switch mounted on the gate that provides access to the outdoor yard and where
applicable to the 3kV DC overhead feeder security area and provide all connections thereto.

In Transnet Freight Rail switchyards where the supply from the Electrical Utility is terminated on
portal structures or where a flying busbar is provided the contractor shail earth these structures.

install two 50mm? galvanised steel earth conductors, one each between the outside portal structure
or flying busbar suppott and the gable of the substation building.

The earth conductor shall be suitably terminated and connected to the portal or flyihg busbar
structures. A suitable bracket shall be supplied and mounted on the gable of the substation building.
The earth conductors shall directly be terminated on the bracket and connected to theWmain earth
electrode/mat.

insulating of structures and electrical equipment.

The tenderer shall make provision for the insulating of the support gteel stiuctures for i.e. the primary
circuit breaker, main current transformers and any other structure that is gonnected to the AC earth
leakage system from the concrete foundation, . R

The insuiating material shall be either the same materiahused for the insulating of the mast bases for
the overhead track equipment or other insulating matenai that has been approved by Technology
Management. ‘ BT

The tenderer shall make provision for the insulating of the'bése of’thé' rr;éih traction transformer from
the concrete plinth. Malthoid or any othef approvedshsulation shali be used.

INTERLOCKING (mechanical e
GENERAL

The equipment for eagh substation shall include a mechanlcal tnteriockmg system; preferably the
"Castell" or other approved key type. Full details of the type offered. instead. of the "Casteli type shall
be submitted withtheltende SRR

The mechanicah,interlocking systern must be designed to. prevent-access to the high voltage
equipmefnt whilst "live" and ensure that SWItChir‘lg and asolatmg operatuous are carried out in the
corrget seguence. G T ; .

All'egtipment shall be delivered with the necessary interlocks fitted.

it'shall’not be possible to operate the locks and release the keys in any but the correct sequence or
in any position of the switches or gates other than the Jully: "closed" 0r fully "open" position, as the
case may be. : G e IR ‘

When a unit is switched to local condition and isolated, no remote switching from the contro! office
shall be possible. Tenderers shall furnish full explanatory detai!s of the arrangement whereby the
foregoing provisions are met. Cocatb it ftms Lonh s :

The track feeder breakers shall remain closed throughout the isolation procedure.
ISOLATING PROCEDURE | ' Lo e
Sequence ta isolate a single unit substation rectifier unit.

Trip high voltage AC circuit breaker.

Open high voitage AC disconnecting switch-key “1” releaged, |

Remove key “1’- AC disconnecting switch locked in opeh ‘and earthed position.
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Use key "1" to. operate auxiliary, supply's three phase isolating and earthing switch - key "1" trapped -
key “2" re!eased

Gyimra

_& P by .
Use key "2" to un!ock DC positive isolating and earthing switch,

Open DC poéiti\'le isolating and earthing - key "2" trapped - key "3" released. Remove key "3". DC
positive isolating.and earthing switch locked in open position.

Use key "3" to.open rectifier unit bay gate (and DC smoothing reactor screen if required).
ifé_ ﬁumber cffkeys é{r':e_ réﬁﬁ_i\(’ed"to open the rectifier cubicles, a key exchange system may be used.
Procedure is réversed to switch the rectifier unit back on load.

The riumbér mdlcated far: the' keys are for single unit substations only. Where there are two units in
orie substation the hurbets of keys for the two units shall be A1 and B1, A2, and B2, etc.
it shall not be possible to exchange keys between any equipment on different units.

The foregoing sequence is given as a guide and may be altered to suit tenderer's equipment. The
design shall be. approved by Transnet Freight Rail.

Where the wave filter equipment is not located in the rectifier bay, the access 1@ the equipment shall
be mechanlcally interlocked and form part of the interlocking procedure,

Access to the wave f:lter shall only be possible once the positive igoiator 18, earthed and the primary
circuit breaker is trlpped Refer to clause 20.8

Any devi_aﬁior\,f;'é’m'th]e ab;jy)eguideline must be approved by Transnet Freight Rail.
INDOOR CABLING, BUSBARS AND ASSOCIATED EQUIPMENT

The contractor §hall supply and install the following;

All low voltagé PVC insuiated supply and.control cables.

3kV DC copper cables and copper blisbars [from the Anode wall plate to the rectifier and from the
rectifier equipment to the DC positiveNisalating switches, DC smoothing reactors, and main DC
negative busbar. In the evedtofigluminium (grade 6063) being used the minimum size shall by
50mm X 25mm busbar

Where requwed. the supply ahd fitting of hot dip galvanised anode wall plates in the wall of the
substation building)atthe rectifier bays. The wall plate galvanising shall comply with SANS 121,

Wall plates shall Be fitted with wall bushings, one for each phase and the neutral.

Desigis and drawings of the wall plate arrangement must be submitted for approval after
adjadication of'the tender.

The intefeonnecting busbars from the anode wall plate to the rectifier.

The main 3kV DC positive and negative copper busbars. Minimum dimension of busbars shall be
100mm X 10mm copper or 127mm X 12,5mm aluminium (grade 6063) busbar.

The 3kV DC output positive busbar system, which includes high-speed circuit breaker busbars, and
where required the outgoing feeder cables between the high speed circuit breaker busbars and wall
bushings.

Barriers in accordance with clause B.0 wheré exposed busbars exist between the positive isolator
and the DC track breaker positive, busbar.

Cables from the DC smoothing reactor or main positive busbar to the wave-filter equipment.
Control cables from the rectifier cubicles to their respective contro panels.
Cables from the auxiliary equipment to the substation control panels.

Connections and cabling between contrel panels.
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Cabies between the 110V substation battery and the auxiliary DC panel (2 core, minimum 16mm3).

Cables (95mm? stranded copper) to the wave-filter room(s) for rail (negative) and DC earth leakage
connections to wave-filter equipment,

Earthing cables {(95mm? stranded copper) between the DC earth leakage busbar and substation
negative busbar.

Two core 16mm? and multicore 2,5mm? cables between panel and high-speed 3kV DC circuit
breakers.

Two core 8mm? cables between the 25A circuit breakers on the DC panel and the Electrical Supply
Utility meter room. Make-off and connect at the DC panel only.

Al other busbars and cables required for the interconnection of the substation indoor equipment.

Cable glands for the termination of the cables at the control panels and other equipment, Neoprene
shrouds shalt be fitted over the cable glands.

The maximum current density per square mm for open conductors shall not exceed 1.55Ampere for
copper and 1.0 Ampere for aluminium,

Low voltage cables for indoor use may be unarmoured.

All high voltage cables shall be armoured XLPE insulated and shéll comply with SANS 1339 and
Transnet Freight Rail specification BBC 0198. Ali wiring used on the 3kVIDC equipment shall have
nominal 3kV insulation unless the clearances comply with thoge |aid dowrt in clause 8.9.

All negative connections and terminals associated with™high voltage circuits and which are
accessible without first having to isolate and earth sfich Righ voltage circuits e.g. the main negative
busbar, DC earth leakage relay, etc., shall be of 95mm? copper or copper equivalent cross-section.
The terminals shall be painted red, Cw

Not withstanding the above clauses tife “contgactor shall supply and install any other cables,
conductors or busbars required for the successful operation of the substation.

BLOCK JOINTS

The contractor shall make “block joiis in the armouring, of a!l the low voltage supply and control
cables, which are connetted bétwieen the indoor controt equipment and the outdoor yard equipment.

The block joints ghall, bayciedrly visible and shall be not less than '200mm from the cable glands
terminating at the outdder equipment. . . e .

The blocldjoints shall be sealed with a heat shrink covering to prevent the ingress of moisture.
CHEGUERPLATES o

TheContractor shall be responsible for the supply of all metal chequer plates required for covering of
cable trenches inside the substation.

Earthing studs suitable for the fitting of 95mm? copper cable shatt bt; weided to each chequer piate.
CABLES, BUSBARS AND CONNECTIONS. (OUTDOOR) B K

. it
HRRE I

The Contractor shall supply and install the followmg . -
The Inter-connections cables or condtictors in the ngh Voltage yard

The high voltage AC connections which shali be solderless, concentric grip, or other approved
solderless type. The connections must have adequate cross-sectlonal érea to suit both electrical and
mechanical requirements.

Copper busbars between separately mounted outdoor equipment. The busbars shall incorporate a
degree of flexibility to avoid any overstressing of connectlons due io foundatlon movement and
expansion or contraction.

- Voot cneyed :
LIRS B TR I o)
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All -negative-connections.- and terminals associated with high voltage circuits and which are
accessible without first having to isolate and earth such high voltage circuits e.g. the main negative
busbar shall be of !5}5111m2 copper or copper equivalent cross-section. The terminals shall be painted
red. !

Copper busbars w1th removable flexible connections or “all aluminium” stranded conductor may be
used intercohnectioh-conductors between the main traction transformer secondary bushings and the
anode wall bushlngs whlch are fixed to the anode wall piate of the substation building.

Where “a!l aluminium’ conductors are to bé installed the following sizes and number of conductors
sha!! be mstalled

e 2 X 800 mmz "’all alummlum stranded conductor per each phase for 4,5 MW substations, or
~ 50mm X 25mm a!um:nlum (grade 6063) busbar in accordance to Transnet freight rail drawing
BBF1615

e 2 X 500 mm2 “all aluminium stranded conductor per each phase for 3 NIW substations or

'BBF16‘¥5

Where two d:fferent conductor material joints are used, the Bi-Metallic piates shall be applied.

Conddictors frofii the highi-voltage AC line aerial conductors and betw@enthe, siifge arresters, AC
dlscohnectmg swuch hlgh voltage AC circuit breaker, current trangferimers, rectifier transformer and
rectifier. :

Cables or busbars from the rectifier transfarmer to the auxiliary transfermer,

The auxiliary “transfarmer “shall be connected dipeatly to\the tertiary winding of the traction
transformer for new installations or existing installafions/where tertiary windings are employed on the
main tractlon transformer '

Cable from ths_auxs{cagy.tnaﬂ,Sformer secondary to the short-circuiting switch.

Control cables from the high voltagelAC di§connector, AC circuit breaker and main and auxiliary
transformers to the substahon cotitrol panels’

A multi-core 4mm2 cable_between\the current transformers and the Electrical Supply Utility meter
room. Make-off and conpeciiatthe current transformer only.

In the caseé of the Eleatiial Supply Utility Tee-supplies a multi-core 4mm? cable between the voltage
transformers afd the “EleCtrical Supply Utility. The Electrical Supply Utility will do the cable
connectionae,”

In the@aserof the Electrical Supply Utility Duplicate Supplies one multi-core 4mm? cable between
TransnetlFreight Rail's high voltage AC circuit breaker and the Electrical Supply Utility meter room.
(For interlogking Electrical Supply Utility M.O.D's). The cable shall have 10% spare cores.

A multi-core 2,5mm? cable between the tele-control remote terminals on the control panel and the
electrical supply utility meter room. (For tele-control of the Electrical Supply Utility equipment). The
cable shall have 10% spare cores.

All other cables as specified. e.g. security lighting and alarms.
All control cables, security and alarm cables shall be armoured cables.

Not withstanding the clauses above the contractor shall be responsible for all cables, busbars and
connections required for the successful operation of the 3kV DC traction substation.

LABELS AND TERMINALS

All labels shall be in English. Al lettering shall be white on a black background. Lettering shall be a
minimum of 8mm in height.

All labels shall be neatly secured by rivets or screws.

All conductors and cables shall be provided with identification tags at terminals.
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All terminals and equipment such as switches and relays shall be suitably numbered according to
the substation schematic and wiring diagrams. All terminal blocks and groups of terminal blocks
shall be suitably numbered.

SUBSTATION NEGATIVE RETURN

The substation negative return system which can be in the farm of the following:
¢ Buried XLPE insulated copper cable.

o Rail on sleepers.

» Aerial conductors.

BURIED XL PE INSULATED COPPER CABLE

The contractor shall install 2 x 500mm? single core XLPE copper cabies from the substatiefinegative
busbar to the negative manhole situated near the railway line.

Transnet Freight Rail's staff will undertake the provision of the bare conductors from the negative
manhole to track, as well as the rail connections.

The negative manhole to drawing CEE-TU-41 is to be supplied and installgehby the €ontractor.

The negative return cables shall be laid, in 150mm of soft soil in a tfench\at'a depth of not less than
1000mm below ground level and spaced not less than 300mm between centres.

Where cables are likely to be damaged they shall be protected by concrete slabs. Refer to Transnet
Freight Rail specification CEE.0023.

The cable route shall be provided with cable wamsing tape. Refer to Transnet Freight Rail
specification CEE.0023,

The cable runs shall be marked by cablesfiarkers paihted signal red. (Stores ltem No 9/1503)
RAIL NEGATIVE RETURN.

Where rail is used for the negativg Yeturn system Transnet Freight Rail shall supply and install the
rail from the inside of the sibstation building to the railway track.

The rail shall be insulatedfom ground by means of concrete sleepers supplied by Transnet Freight
Rail.

Where the raihentets the substation building it must be insulated from alt concrete and brickwork to
prevent stfay currénb damage to building reinforcing or other metal. After instaliation the hole in the
wall shalibefsealed and made good by Transnet Freight Rail.

The raileshall be connected to negative output of the rectifier by means of a suitably rated
bushar/cable supplied by the contractor. Transnet Frelght Rail will make provision for terminations
ah therail.

Transnet Freight Rail shall connect the negative return ra|| fo the traok by means of PVC insulated
steel conductors.

NEGATIVE FEEDER MONITORING SYSTEM.

The contractor shail design supply and instail a negative feoder mooatormg sysfemin
accordance with Transnet Freight Rail specification BBB1543. o

The negative feeder monitoring system shall be designed to trip the.3 kV DC track breakers in
the event of the traction substation negative return circuit becoming open circuited due to cable
theft of the negative return cables or other cause of failure of the negative return circuit.

AERIAL CONDUCTORS

Where aerial conductors are used for the negative return, the contractor shall provide the wall plates
and wall bushings where required. Yo b
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Inthe.case of aerjél conductors used for the negative return, Transnet Freight Rail shall provide the
condiictors and the instaflation.” -

3kV DC POS!TIVE FEEDER CABLES

The posmve feeder cables shail be either:

. Buned armoured medmm voltage XLPE insulated cable.
¢ Aerial alum:mum conductor

BURIED XLPE INSULATED CABLE

The ‘contractor §hall ‘install two single core 6,6kV, 500mm? armoured medium voltage XLPE
insulated cables wutr] stranded copper conductors. The cables shall be manufactured with copper
thpe screen, “armour and ‘sheath in accordance with SANS 1339 and Transnet Freight Rail
specification BBC 5198. The cables shall run from the high-speed circuit breaker busbanchamber to
the associated track switch structure.

Tenderers aré to aliow for making off the cables with suitable terminations. Sufficient Tehgth of cable
must. be left.buried.at the base of the track switch structure for erection and cennection to the track
switch.. Transnet Freight Rail will do connection to the track switch.

The medium voltage cables shall be laid in 150mm of soft soil, in afrenchiat a depth of not less than
1000mm below ground Ievel and spaced not less than 300mm befween centres,

Where cables are Ifkely to be damaged they shall be protected by conerete slabs. Refer to Transnet
Freight Rail spemﬁc:atlon CEE 0023.

The cable routé shall be provided with cable@warning tape. Refer to Transnet Freight Rail
specification CEE 0023.,

The cable runs shall be marked by cable matkers painted white (Stores item No 9/1539).

Should it be necessary for the cables to pass under the tracks suitable pipes will be installed by
Transnet Freight Rail.

Where required; the contractor $hall supply the necessary wall bushings for positive feeder cables.
AERIAL CONDUCTOR

in the case of aerlal conductors used for the positive feeders, Transnet Freight Rail shall make
provision for conductors anhd installation.

Wheres@erial cofductors are used for the 3kV DC positive, the contractor shall provide the wall
plates and'wall,bushings.

TRENGHING FOR OUTDOOR YARD EARTHING CONDUCTORS AND CONTROL
CABLES.

Before any trenching commences the contractor shall consult with Transnet Freight Rail staff for
approval of the routing of the trenches in the outdoor yard.

In existing substation outdoor yards the contractor shall remove the necessary crusher stone in the
outdoor yard before any excavation commences. The contractor shall restore the crusher stone after
the completion of the work.

Trenching includes all trenches required for the installation of the earthing system and control
cables.

The depth of trenches shall not be less than 700 millimetres.

With the installation of new earthing conductors and control cables at existing substations, care must
be taken not to damage existing cables in the high voltage outdoor yard during trenching operations.

The Contractor and Transnet Freight Rail staff shall inspect the trenches before and during the
installation of the earthing system and control cables,
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Before the trenches are closed a representative from Transnet Freight Rail shall inspect the earthing
system and other ¢cabling for damage.

FOUNDATIONS.

The successful tenderer shall be responsible for the design and casting of foundations for the portal
and support structures in the traction substation high voltage outdoor yard.

Notwithstanding the supply arrangements (single or double) at any particular substation, tenderers
shall clearly understand that alf foundations and steetwork to accommodate the supply and to cater
for the traction yard are to be provided and erected by the successful tenderer.

Wherever there is a combined traction and 11kV/6,6kV distribution yard, a flying busbar is fo be
provided in Transnet Freight Rail's yard., All foundations and steelworks required to suit this
arrangement, including the erection and earthing thereof shall be included in tenderer's offers.

The foundations in the high voitage outdoor yard shall include the following:
» \oltage Transformers if applicable.

+ Surge arresters.

s AC disconnectors.

+ Current transformers. (If applicable)

¢ Primary circuit breakers. P

+ Main traction transformer.

¢ Auxiliary transformers.

« Portal lattice structures as required.
» Any other foundations as specified.

(RN I REHE

The successful tenderer shall garrylout his own survey 'i;ii'regérd to tf)_‘i'_lf"ty'bes and their load bearing
capabilities. oot e

Equipment support foufidations\shall be finished off 200mm b6 the finished eérth level of the

yard. The design musthe’Such as to prevent standing water. ™" """ -
All foundation edges shall be bevelled, and the surfaces must be float finished.
All suppeft foundations shall be at the same level.

The'design ofsthe concrete plinth for the main traction transformer shall include a concrete gutter
arqund-the, perimeter of the plinth to contain any spillage of transformer oil.

Provision shall be made on the plinth for skid rails. The spacing of the rails between centres shall be
a minimum of 1meter. Details of the design and foad bearing parameters of the skid rail system,
plinth and rail shall be submitted to Transnet Freight Rail for approval.

The auxiliary transformer if separate shall be provided with its own concrete plinth with a concrete
gutter, or may be installed on the same plinth as the main traction transformer.

The 28-day strength of all concrete used shall be a minimum of 20Mpa.
Hand mixed concrete is not acceptable, it must be mechanically mixed.
SUPPORT STRUCTURES

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 tendsrér. '

Special attention shall be taken for the prevention of corrosion of all metallic parts.
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The bases of insutators, studs bolts, support structures and other parts made of ferrous material
associated with the electrfca! connections outdoors, shall be hot-dip galvanised, in accordance with
SANS 121.

Steelwork for olifdor installaition in coastal areas, i.e., within 50km of the coast, shall first be hot-dip
galvanised..in. accordance, with SANS 121, followed immediately at the galvanising plant by the
application df f;h Ster!mg paint system in accordance with specification CEE.0045.

Steeiwork for o‘ !dpor mStaI[atlon in infand areas, li.e., at a distance greater than 50km from the
cogst, shall be ho‘t-dlp galvanlsed o SANS 121.

All high voltage equipment, shall be provided with hot-dipped galvanised support structures or
pedestals to pyovade a mmlmum ¢learance of 3,6 m (up to 88kV) or 4,1 m (above 88kV) from the
lowest "five" hlghwltage cohnectcon to finished ground level.

Structural steel shall. comply with SANS 1431.
Alf welded joints shall be 'séal welded with no gaps or blowholes.

All fasteners, Auts and boilts-used for the installation of substation steelwork and equipment shall be
hot dipped galvanized to prevent corrosion.

FENCING

The successfui tenderer shali suppiy and install new perimeter fen€ing as specified.

The successful tenderer sha!! make provision for the levelfing of outdoopyard if required.
The fencing shall be eitherof the following:

» Concrete patisade fencing in accordance to drawing/CEE-TDF- 00186,

o Hot dipped:: galvanised steel palisade feficing with the minimum requirements of:
Height 2,4 -metres.:
Size and thickness of pales 40mm [x 40mm x 3mm thick.
Corner and intermediate posts 100mm x100mm x 3mm.
‘Horizontal crbss bars 40mmxStnm.

The successfuf tenderer shall makelprovision for the installation of safety barriers in the high voltage
yard in accordance ¥ith Transnet Freight Rail's requirements. (Refer to Transnet Freight Rail's
Engineering instrugtion 8.016)

The successful tendarer shall make provision for a metal barrier screen of 25mm-wire mesh or
expanded/metal ta\be constructed around the auxiliary transformer to prevent accidental contact.

The_suecessiul tenderer shall cast a concrete apron of 150mm wide x 300mm under the perimeter
fehces ofithe substation. The top of the apron shaill be a minimum of 100 mm above the ground
level.

GATES

The contractor shall supply and install two 4.6 metre wide X 2,4 metres minimum height lfockable
gates in the perimeter fence to altow for:

+ Entrance to substation building and yard.
« Entrance to the high voltage outdoor yard adjacent to the main transformer (s).

Where access fo the HVY outdoor yard is gained between the substation building and perimeter
fence, a fence the same height as the perimeter fence shall be instailled. A 1000mm wide lockable
gate shall form part of the fence,

Provision must be made for the fitting of a spark gaps and rail earth switch on the HV yard smali
gate. Refer to drawings CEE-TBD-7 and BBB3620. The spark gaps shall be provided by Transnet
Freight Rail on request.
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Where steel palisade fencing is used the gates shall be connected to the fence support post by
means of a flexible connection to prevent electrolytic corrosion of gate hinges.

Warning notices and danger signs in accordance with Transnet Freight Rail's Electrical Safety
Instructions shall be fitted to the perimeter fencing and gates. This shall be provided by Transnet
Freight Rail.

CRUSHER STONE AND WEED KILLER

After completion of construction, installation of equipment, the laying of alf cables and earthing
conductors, a suitable weed ks!ler approved by the Technical Officer shall be applied in HV outdoor
yard.

Great care shall be exercised to avoid contaminating private property and water supplies.

After treatment with the weed killer, a 100mm layer of 25mm c¢rusher stone shall be laid over the
whole area of the Transnet Freight Rail high voltage outdoor yard (within the apron).

PAINTING

All indoor and outdoor steelwork, metal screens and barriers shall be paintediin accordance with
Transnet Freight Rail's Specification CEE.0045.

The finishing coats for indoor equipment shall be in accordance with/SANSY091.

Metal Bay Screens - Eau-de-Nil (H43).
Support frameworks (indoor) - Eau-de-Nil {H43).

DISTRIBUTION, LIGHTING OF SUBSTATION BUILDING AND STANDBY 400V
AUXILIARY SUPPLIES

The successful tenderer shall supply and install all light fiﬁlngs pldgs‘ édndth distribution boards,
swilches, cables and other material in asgordance /with SANS 10142-1. Galvanised, alternatively
PVC condwt and galvanised fittings shall be provitied at all substations within 50km of the coast.

The contractor shall furnish a certificate ofesfpliance for the 400V/220V AC distribution and lighting
of the traction substation sign@d,by\the accredited person in terms of SANS 10142-1 and who is
registered with “Electrical Gentracting\Board".

Complete Layout dradinggsghowing the posnttonltype of light fittings, :position of plugs, distribution
board and switches o b€ subsiitted to Transnet Freight Rall for approval

220V AC fluorescent light fittings shall prowded The msmmum Ilghtlng,requwement shal! be 100 Jux
in terms ofthe "Oeglipational Health and Safety Act",

11KVI6,6 KV TO00V AUXILIARY SUPPLY AND CHANGE OVER SYSTEM

Wheré specified a 11kV/6,6kV to 400V distribution transformer wnll be :nstalled to supply the traction
substation in the event of substation failure or when the substahon is taken off load.

Ihe 3 phase 400V supply from the above transformer shali be connected to the contrel circuitry via a
automatic change over switching system.

The change over switching system shall be mechanically and eieetncally interlocked,

‘‘‘‘‘

Transnet Freight Rail shall supply and install a suutably rated ‘4core armoured cable from the
11kV/6,6kV to 400V distribution transformer to the change over switching unit.

A 1.1 ratio isolation transformer shall be mstalled between the:'1f1'kV16 BkV to 400V distribution
transformer and change over switching system. 0

The isolation fransformer shall comply with specification BBC 03;39._,_1 . o

The successful tenderer shall supply the isolation transformer uffess otherwise spet:iffed.
EMERGENCY LIGHTING. . N

Fluorescent light fittings with its own battery back up'suepi;;eeaii: be .eueiptliied for emergency lighting.
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A minimum of threel fittings, shaII be installed in a single unit substation and four in a double unit
substation.

The iaght ﬂttlngs shail be installed at the following locations:

. En smgle umt substatnons two in the main walkway between the controt panels and rectifier unit.
Oneflameproof fitting in.the battery room

* In a double unit substation three in the main walkway and one flameproof fitting in the battery
room.

) ‘ln addltfonal locatlons where requested by the Project Manager/Engineer.
The light switch shalf be clearly lahelled " EMERGENCY LIGHTNING”.
MOULDED CASE CIRCUIT. BREAKERS

All low voltage. circuits- and-equipment shall be protected by moulded case circuit bréakers, which
comply with spemﬂcatlon SANS 156.

sr.-:cumrv LIGHTS |

Where outdoor secunty lights are specified 400W high-pressure sodium,fittings shéll be installed at
locations specefled by the "Scope of Work".

COOLING AND VENTILATION

Where specmed 3 phase coolang fans shall be supplied and installed in the substation building.
The requcrect fllters !ouvres and guards shall be providet andinstalled.

BATTERYROOM =~ °

A three!singie;pbgra"s’;é non-sparking extrastion'fan shail be installed for the battery room.

Only Ex non-sparking light fittings shalbe installed in the battery room.
Light switches and plug sockéts shall not be installed in the battery room.

No-smoking, naked flathesand hand protection warning signs shall be fitted to the battery room
doors.

A wooden statjd..tireated wi_th apid proof paint shall be provided for the batteries.

A hydromieter and loghook shall be supplied by the contractor for each installation.
Thesfloon@f the battery room shall be painted with acid proof paint,

CLEARING OF SITE

All rubble which is left over as a direct result of work performed by the Contractor shali be removed
from the substation building and yard and disposed of by the Contractor. The substation floors and
walls shall be left in a clean condition. All cable, wire and conductor cut-offs and surplus material
shall be removed from site.

SECTION 4: SITE TESTING AND COMMISSIONING
SITE TESTS AND COMMISSIONING

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

ON-SITE TESTS

Functional on-site tests shall be conducted on all items of equipment, circuitry and interlocking to
prove the proper functioning and installation thereof.
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The successful tenderer shall submit a detailed list of on-site tests for the approval of the Project
Manager/Engineer at least six weeks before tests are due to commence at the first substation.

The successful tenderer shall arrange for the Project Manager/Engineer or his representative to be
present to witness the on-site tests at each substation.

On-site tests and subsequent commissioning shall not commence until aff 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 to take place in a construction site environment.

On-site tests shall include the following;

s Polarity tests on all CT's.

« Ratio tests on all CT's.

o Magnetising current of all CT's.

+ Secondary injection of all refays.

¢ Trip testing, all relays must be checked for correct operation.
« The functionality of all electrical circuitry must be tested.

¢ The operation of both mechanical and electrical interlocking.

* Tests on primary circuit breakers and other -primary _gqq;pmeht in accordance with
manufacturer's instructions, o

At the completion of the on-site tests the Project ManagerIE'ngineeir’;3?'55% representative, shall gither
sign the test sheets (supplied by the succeSsful fenderer) as having witnessed the satisfactory
completion thereof, or hand to the successfyl tfenderer a list of defects requiring rectification.

Upon rectification of defects the successful tefiderer sha}l' qtran_géi@iﬁé’Project man;élgerlEngineer
or his representative to certify satiSfactorysearfipletion of on-site tests for that particular substation.

Acceptance by the Project ManagefiEngineer of satisfactory completion of on-site fests in no way
relieves the contractor of his,obligation to rectify defects which may have been overlooked or
become evident at a ldter stage.

COMMISSIONING OR EQUIPMENT

Commissighing*will\include the energising of equipment from the AC disconnects to the OHTE track
feeder switchies. The successful tenderer must prove the satisfactory operation of all equipment
undemlive'€onditions.

Omgompletion of commissioning the successful tenderer will hand the substation over to the Project
Manager/Engineer in terms of the relevant instructions,

Tenderers shall aflow a period of at least three days pér éubstation between satisfactory completion
of on-site tests and commissioning of equipment. i

During this period the Transnet Freight Rail's Test staff will test the operation of all protective relays
and circuits and set the protection relays at sach substation, '

The contractor shall rectify any fauits found during the testing and setting,of the protection relays.

The final testing of the substation must commence a;a‘ffffféé‘nsst thr

jays ahead of the contract
completion date. L

The commissioning of the protection equipment by Transnet Freight Rail wilf in no way absolve the
successful tenderer from any of his responsibilities during the guarantee period. It is the successful
tenderers responsibility to satisfy himself 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, )
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The commissioning dates for the:substations will be dependent on the availability of power supplies
from thi supphy-atility as well'as Transnet Freight'Rail's electrification program and will be defined by
the PrOJect Manager/Engmeer

SECTION 5 GENERAL

QUALITY ASSURANCE

Transnet Fretght Rarl reserves the rlght to carry out inspection and tests on the equipment at the
works of the: supp!lerlmanufacturer

b

i

Arrangements must be made timeously for such inspections and typefrouting tests in accordance
W|th the Equmment specifications are carried out before delivery of the equipment to the site.

Typelroutane test sheets of the equspment shall be forwarded to the Project Manager.

GUARANTEE AND DEFECTS

The contractor:shall .guarantee the satisfactory operation of the complete electricalVinstallation
supplied and installed by:him and accept liability for maker's defects, which may_appear in design,
materials and wqumanshlp

The guarantee penod shaII commence from the date of successful commissigning of the substation.

The guarantee perlod for a!f substatlons shall expire after a period of 12¥enths commencing from
the date of successful completion of the contract or the date W€ eguipment is handed over fo
Transnet Freight Rail whichever is the later,

It urgent repairs'have to be caried out by Transnet Freight Rail stafftc maintain supply during the
guarantee periog the contractor shall inspect such repairsito ensure that the guarantee period fs not
affected and sholid they: be‘covered by the guaranté@)reimburse Transnet Freight Rail the cost of
material and Tabour;

The ¢6st of ttdining shall be ihcluded in the téndersis quotation.
DRAW|NGS !NSTRUCTION MANWALS'AND'SPARES LISTS

Drawmgs mstructton manuais and catafogues shall be supplied in accordance with Transnet Freight
Rail specificationCEE.0224.

The tenderer halt supplydhree copies of an instruction/maintenance manuals, schematic and wiring
diagrams.

The contractor shall submitgdetails of spares required in accordance with Transnet Freight Rail's
specification no. CEE,0224.

All spares” recommended for normal maintenance purposes that are not available locally (requires
importationymust be highlighted.

SPECIALFOOLS 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.

TRAINING

The contractor shall submit details with the tender of the training courses which will be conducted by
the contractor for the training of Transnet Freight Rail 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.

PACKAGING AND TRANSPORT.

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

The contractor shall provide transport for the delivery of the equipment to the site where required.

BIBLIOGRAPHY

[1] SANS 1019: 2008 Edition 2.5 Standard veltages, currents and insulation levels for electricity
supply
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DRAWING NUMBER

CEE-TDF-0016
CEE-TBD-7
CEE-TU-41
CEE-TCK-1
CEE-TBP-1
CEE-TBP-39
CEE-TBP-35
CEE-TBP-38
CEE-TCL-63
CEE-TCQ-208-

CEE-TBP-33
BBB (838

BBB 3620
BBF 1615

AMENDMENT

APPENDIX 1

DRAWINGS ISSUED WITH THIS SPECIFICATION

DESCRIPTICN.

Concrete fencing

Earthing Arrangements Traction Substations.

Negative Return Cable Terminating Box.

Reactor 1,84mH, 1 500 A. {For reference pusposes only)
Wiring diagram for auto reciosure for HSEB.

Circuit diagram for auto reclosure T6RHSCB

Connection diagram for MSEB and\elettronic control relay
Schematic Diagram of 3kV HV Protection.

3kV Busbar Chamber Afangement; Cable Feeders.

DC High=8pedd Circuit Breaker Cell Panel (Cell slabs)
(sheets 1 to 10)

BiC Track"Bréaker and Truck Wiring Diagram.
Suige arresters mounted on traction transformer.

3kV Earthing arrangement for traction substation

Busbar connection agsembly
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