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SPECIFICATION NO PE-TS-421-501-A301

The overall design and conception of the heat exchangers and accessories is
to be such that they are suitable for the degree of automation envisaged for
the individual system.

Instrument and service air

To meet the compressed air requirements of the Plant two different
compressed air systems, - instrument air and service air, will be provided.

The service and instrument air system shall produce and deliver compressed

air for the following main consumer of the Power Plant and desalination

plant:

¢ Servicc air for atomization of HSD (High Speed Diesel) and for
operation of mechanical air tools, wrenches and other consumers during
all operation modes of both units and for maintenance purposes.

= Instrument air for all pneumatically operated plant instrumentation and
control devices and other consumers. The instrument air quality shall
meet ISO 8573-1 Class 2".

1

For detail instruction on compressed air see Bi2 Part 7.

Cranes, hoists and iifts

Cranes

For erection and maintenance works, overhead travelling crane per unit shall
be installed \:

s One EOT Cranx for each turbine hall (Refer the below note)

» One EOT crane fiyr the compressed air station building.

Note: If Bidder/Contraxtor intends to provide one EOT crane then turbine
generator stator shall be Woved by special device (to be handed over with
special 1ools).

For handling of the generator stator the following alternative is also

et -\ acceptable: Tandem/combined opyation of two turbine hall EOT cranes for

which the necessary arrangements shall be provided. In such case the
ombined capacity of two EOT cranes'shall not be less than the 105% of

pumping station two (2) travelling bridge cranes shall be installed, one for
pump and header bay area and one for screening plant aréa. The cranes shall
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Cranes with a span of moye than 8 m and/or a nominal carrying capacity of
more than 5 t shall be in the form of dquble-girder cranes with the crab

running on top.

Smaller cranes shall be in thd forin of single-girder cranes with the crab
running on the lower flange o in the form of suspension cranes,

Cranes with a nominal carrying\capacity of 30 t and above shall be fitted
with an auxiliary hoist.

The overhead travelling cranes shall be fitted with gangways on the crane
bridges or with gangways fitted to the sides of the crane.

The end-carriages of all cranes shall generally be of welded box-girder
construction. Buffers shall be providey at the faces on the end-carriages. The
end-carriages shall also be fitted with Wheel:-breakage supports designed to
prevent derailment as well. ]

The deflection of the crane bridges at nothinal load shall not exceed 1/1000
%( of the span for cranes with capacity of 507\ or more, or 1/200 of the span for
cranes below 50 t capacities.

o f‘-’::‘_\h-»
~ ~.. "\, The crab assemblies shall be of rigid steel ¢

i AR '.'«Provided at the faces of the crabs,
g £ o 1)
\ e it he crabs shall as far as possible be covered with smootli sheet-metal a
e fitted with handrails.
N )
The crane switchgear shall be accommeodated in s¥itchgear cabinets to be
arranged on the crane bridge. G 0 D l v
ol
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The crane and crab running wheels shall be made of cast or forged steel and
shall have dopble flangeés. The wheels should have rolling bearings
lubricated for life.

For cranes usgd for the removal and irstallation of pump rotors in vertical
pumps (e.g. cqoling water pumps), it is important to ensure that there is no
¢ hook during lifting and lowering,

All cranes shall be equipped with pendant control units. The pendant control
units shall be spspended on the bridge so that they can travel along it
independently ¢f the crab.

All pendant corjtrol panels shall be fitted with rocker-type or push-button
switches for the| crane functions. A key switch and an emergency stop switch
shall also be prqvided on each panel. Additional switches or push buttons
shall be providef as required.

The crane and ctab drives are to be designed as two-corner drives with
electric gear mofprs. 2 (two) motors are to be provided for the crane drives.
" The crab drives may consist of one motor and universal jount shafl,

All travelling and traversing drives are to incorporate pole-reversible
squirrel-cage geat motors with sliding armature and brake.

y consist of standard electric hoists with sliding armature
e or disc brake.

The lifting gear
motor and cone b
The precision spedd control shall be provided for all crane and lifting gears.
Speeds for cranes ghall be as below:-
= For TG hall crage-

« -Main hoist - | .6 m/min (creep speed 0.16 m/min thro VFD)

« Aux hoist - 7|5 m/min (creep speed 0.75 m/min thro VFD)

« CT- 15 m/mip (creep speed 1.5 m/min thro VFD)

» LT - 30 m/mif (creep speed 3.0 me VFD)

s For other cranes- '-""f- Y

= Main hoist - 3{m/min f EN
« CT- 10 m/mi |(

« LT-10 m/min}

B0.6.17.10 Hoists e

Hoists shall be provided throughout the entire installation where machines
or other components provided under this contract are to be installed,
removed, repaired, serviced or transported and these parts are not in the
working area of a crane (refer also to the individual technical subsections of
this specification).
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The final number of hoists to be supplied will be proposed by the
Contractor, according to the requirements of the equipment. The Contractor
has to include in his offer the number of hoists for the whole Plant. Any
necessary change of hoists must not lead to any price change of the contract

price.
The hoists used shall be standard production hoists.

The hoists shall be designed and calculated in accordance to applicable
standards.

The nominal carrying capacity of the hoists and of their attachment points
shall be such that the heaviest object to be lifted can be transported with
safety. ‘

For electric hoist, trolley travel speed and hoist speed shall be 15 m/min and
6 m/min respectively.

Manual hoists shall take the form of chain tackle blocks with load and drive
chains. The crabs shall be fitted with a drive also operated by a chaim. The
runways shall be designed according to approved standards.

Electrically driven hoists and crabs shall be equipped with squirrel-cage
motors. An inching control shall be provided on all electrically driven hoists
and crabs.

The crab power supplies shall be in the form of sheet-steel-enclosed safety
power tracks, which can be easily bent to follow the form of the hoist

runways.

Electrical switchgear and control gear shall be mounted directly on the
hoists in cabinets. .

The electric hoists shall be operated by pendant control units fitted with
pushbutton or rocker-type switches, which shall be fixed to the hoists in
such a way that safe operation is guaranteed.

The control panels shall be equipped also with a key-operated switch and
mushroom-shaped emergency "off" switch.

Limit switches shall be fitted to all lifting and travel gear.
The electrically operated hoists shall be installed in a permanent locati
* Where hoists are not easily accessible by simple means such as ladders or

mobile scaffolds, maintenance platforms with means of access shall be

provided.
ﬂ on

£
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Lifts

Ong (1) lift in each steam generator building for goods transport (minimum
ity 3,000 kg) and one (1) no. conventional passenger elevator in each
generator building for personnel transport (minimum capacity 16
d minimum 1,100 kg) shall be installed, reaching the highest
accessibly platform. Outdoor hoisting arrangements shall be included at one
boiler house for lifting long items of up to 4,000 kg.

Further Elevators shall be provided in the following building, reaching the
highest floor oRthese buildings:

1,100kg), panoramic type'elevator shall be provided.

Lift for light material store shall be prov;ded as follows:
e Quantity=1

= Type = Goods lift
e Capcity = 1,000 kg.
» Speed=0.5 m/s.

The basic requirements for conventiohal passenger elevators are:
o Capacity: 16 person (minimum 1,1
e Speed: 1 m/s

The lift installations shall be designed as cakle-operated lifts with traction
machine. The car shall be provided with autoypatic telescope sliding doors.

The lifts shall be designed, manufactured, erecteq and tested according to
OSHA (Operational Safety and Health Administrition) and applicable
standards.

During the construction period, the sides of the cars ( :thout doors) and the

=2y \.\ floor of the cars shall be provided with protective coveripgs (hardboard

ff'-/f . \ﬁ
' "} s 2= |

Yo

;/

8140A01/FICHT-15702705-v5 FICHTNER

panels or similar). The protcctwc coverings shall be remayed by the
Contractor after the cor...i. .2tion period.

The motors and switchgear must be designed for at least 180 Marts/stops per
hour. The type of enclosure of the switchboards and motors sha|l compl o
with the relevant requirements of Section B0, 4

BIFPCU/EPC-Maln Plank/2015/1/ Page 159 of 355



2 x 660 MW MAITREE SUPER THERMAL POWER PROJECT SPECIFICATION NO PE-TS-421-501-A301

B0.6.18 Electrical equipment and works

B0.6.18.1 Standards

The design and manufacture of all electrical equipment shall comply with
the latest editions of the [EC Recommendations if not specified otherwise
elsewhere in the specification. Compliance with ANSI/IEEE/NEMA, BS,
EN or VDE standards will only be accepted in case no applicable IEC

standards are available and subject to approval by the Employer/Engineer.

The Plant shall comply with:

a. the Essential Electrical Requirements of the PPA

b. the latest edition of the Electricity Grid Code of the Bangladesh Energy
Regulatory Commission; and

c. the Great Britain Grid Code.

In case of contradictions the order of precedence shall be as follows:

a. Essential Electrical Reguirements of the PPA;

b. Electricity Grid Code of the Bangladesh Energy Regulatory
Commission;

¢. Great Britain Grid Code.

Any other requirements of BPDB/PGCB shall also be considered (if
available).

B0.6.18.2 Voltage levels

The following voltage leveis shall apply:

¢ 400kV and230kV,50Hz connection voltage to the public grid
¢ 181027 kV, 50 Hz generator voltage, depending on manufacturer’s
%( standard .
11 kV £ 6%, 50 Hz voltage for motors equal to/bigger than 1500
kW and for power distribution within the Plant
e . 3.3 kV £ 6%, 50 Hz voltage for motors equal to/bigger than160 kW
4 / ) and for power distribution within the Plant
LS o 240/415 V (+/-) 10%, 50 Hz standard voltage for power supplies to small
M s [ electric power consumers and motors below
L 160 kW lighting and domestic power outlets
' " e 240/415V (+/-) 10%, S0 Hz voltage for power supply of essential electric
power consumers - the system shall be operated
with ungrouded neutral
e 220V DC+ 10%/-15% voltage for emergency users of electricity, like
turbine emergency oil pumps, circuit breaker

control, inverters 0 U U ]_E) 4
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o 240/415V £+ 10%, 50 Hz uninterrupted voltage supplies to consumers,
which require uninterrupted infeed like
DDCMIS components, control actuators,
burner control panels, VDUs.

o 24VDC=15% for power supplies to the DDCMIS system
GOIHPDHCIHS

e 24 V£10%, 50 Hz for erection work in enclosed plant items of
metal

The general arrangement of the particular voltage level for each part of the
Plant within the scope of the Contract and the connections of the power
supply systems can be seen from the Key Single Line Diagram (Annex E).

B0.6.18.3 Insulation levels

e The 400 kV system shall be designed to limit the switching surge
overvoltage to 2.3 p.u. and the power frequency over-voltage for the 400
kV system and the 230 kV system to 1.5 p.u. The lightning arrestors
associated with the 400 kV reactors shall be of 336 kV. {

= Following insulation levels shall be considered:

T SR R R

A | H1ghest voltage for eqmpment 420 24o0r36 12

R AR

3. nghh'nng lrnpulse withstand 1425 1050 145 or
Voltaga 170

g d b

* According to manufacturer standard
&X/ The creepage distance of the outdoor insulators shall be minimum 21
e

mm/kV.

S 400KV level: :
; \_\ » rated switching impulse withstand voltage 1050 kV

o (phase-to-earth);

« rated lightning impulse withstand voltage 1425 kV:
*rated power frequency withstand voltage for GIS 650 kVand for
transformers 630 kV.

o 230kV level:

« rated short duration power-frequency withstand voltage 460 kV;

« rated lightning impulse withstand voltage 1050 kV.

+ Remark: The insulation coordination study shall be carried out by the

Contractor. ooy
02G1ad
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B0.6.18.4 Installation conditions and protection class for electrical
operational equipment and control and monitoring equipment

If not specified otherwise the electrical operational equipment must be
designed to meet protection classes stated below.

Switchgear, housings for electrical equipment and electrical equipment itself
must be designed according to IEC 60529 at least to;

e Class IP 4] if located indoors in air-conditioned/ventilated areas

» Class IP 42 for ventilated enclosure of DDCMIS equipment if Jocated
indoors in air-conditioned/ventilated areas with suitable cannope ontop to
prevent ingress of dripping water

e Class IP 22 for non-ventilated enclosure of DDCMIS equipment if
located indoors in air-conditioned/ventilated areas with suitable cannope
ontop to prevent ingress of dripping water

o Class IP 54 if located indoors

» Class [P 65 for all I&C field devices

s Class IP 55 for motorts located nutdoors and in indoor areas W1th hlgh
dust and humidity ]

e Class [P 65 for other outdoor Blentncal and control system equipment
such as cubicles or panels with additional measures) if located outdoors
in accordance with [EC 60529 (degrees of protection provided by
enclosures (IP Code) or equivalent). The additional measures shall
consist of sunshades, protection covers against splashing water,
additional sealing, special acid resistive coating etc., depending upon the

- particular site conditions at the place of installation, subject to the
approval of the Employer.

e ClassIP 21 if located indoors with open docrs.

The lamps for external lightning and internal lighting of not completely :
closed buildings must have protection class IP 55W. Furthermore for dust
prone areas the lamps shall have protection class IP 635. '

Electrical operational equipment which must be installed in areas exposed to

danger from explosions must have the required explosion-proof design

appropriate to the flash-point group classification of the explosive mixture
~—===__as laid down in [EC 60079. Attention must be paid with respect to the use of

# = - electrical operational equipment in workshops and storage premises exposed
W7 *.. 1o the risk of explosions.
\ 2 - In all rooms and areas where the local and operational conditions and
= /) surroundings can lead to the accumulation of gases, vapors, mists or dusts

e S which, in combination with air, form explosive mixtures, the operational
equipment and installations to be used in these circumstances must be of
explosion-proof design, All operational equipment must be designed to
comply with the class of protection dictated by the ignitable mixture (e.g.
compression-proof casing, external ventilation, inherent safety, etc.). 0 D 0 1 5 b
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Electrical operational equipment should be located indoors in adjoining
buildings rather than inside buildings or other structures exposed to the risk
of explosion. Whenever operational equipment has to be installed within
areas liable to the risk of explosion, protection against explosion must, in
general, be applied wherever explosive mixtures can arise. In this
connection, the ignition of explosive mixtures must be reliably prevented by
adopting the correct choice of design and construction of the operational
equipment and the incorporation of supplementary safeguards where
applicable.

Electrical, chemical, thermal and mechanical influences must on no account
impair, in any way, the protection afforded against explosion. In particular
the high ambient temperatures and the influence of nearby heat sources at
the installation point must be taken fully into account,

B0.6.18.5 Protective measures, earthing and lightning protection

In view of the potential dangers of electrical power, the following measures
are required for the protection of life, equipment and materials, Basically, all
'live' parts, i.e. all parts of electrical, operational equipment at an electrical
potential above or below earth potential when in operation, and with a rated
voltage over 24 V, must be insulated or covered so that they cannot be
touched accidentally, |

In addition, measures must be taken by the Contractor to prevent the
occurrence or persistence of excessively high contact potentials on
conductive parts of electrical operational equipment (frames etc.) brought
about by faults in insulation.

For installations up to 1000 V, voltages over 50 V are considered to be
excessive contact voltages. Within enclosed electrical installations, with
voltages over 1000 V, the contact potential shall be according to the values
given in EN 50522 (VDE 0101-2) Earthing of power installations exceeding
1 kV: enclosure B.

The following rules and regulations are to be observed in carrying out
protective measures and in earthing procedure:

s [EC 60079 and 60364 for installations up to 1000 V,
* EN 50522 (VDE 0101-2) Earthing of power installations exceeding 1 kV:

In areas exposed to the hazard of explosion, the protective measures
outlined in [EC 60079 and TIEC 6124 1are to be adhered to in the erection an
installation of electrical plant and equipment.

4
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B0.6.18.5.1 Protective measures for installations up to 1000 V

Protection against direct contact

All 'live' parts of electrical operational equipment that can be reached by
hand must be protected against direct contact either by means of insulation
or through constructional design, position or arrangement, or by means of
special devices. If, in the case of enclosed switchgear or control cabinets,
access is required in the course of normal operation (e.g. for replacing
fuses), protection against direct contact must still be ensured when the
switchgear or control cabinet has been opened up,

Protective insulation

Protective insulation is to be provided by means of additional insulation
over and above the insulation provided for operational purposes. This
measure must prevent the occurrence of a dangerous contact potential.

Use of low voltages as a safety measure

This safeguard applies to all equipment, which is required to operate in
metal enclosures, boilers, tanks etc. The operational voltage of tools and
lighting equipment must fiot axceed 24 V AC.

Isolating transformers shall be provided by the Contractor for the purpose of
producing the protective low voltage, A separate 24 V system will not be
provided.

Connection of the nentral
The LV network shall be of the TN type, 1.e. the LV neutrals of the auxiliary

transformers are earthed directly.

Neutralization (protective multiple earthing) is intended to prevent the
persistence of an excessively high contact potential on conductive parts of
the installation which do not form part of the actual eperating circuit.

Protective multiple earthing as a protective measure requires the neutral to
be earthed close to the transformer. However, wherever possible the neutral
shall be earthed at the main L'V board. In this case the connection
%( transformer to LV main board shall be carricd out as TN-C type, i.e. thre “@hlpp%
phases plus PEN: & el
78

7oy ~ ._.%. The LV system for symmetrically as well as unsymmetrical connected
i /. N power consumers shall generally be of the TN-S type, i.e. a five wire
f':' (L3 .. system. The separation of N and PE shall be carried out at the main LV
L . /board. Because of the clear demarcation between the neutral conductor N,
-| carrying operational current, and the protective earthing conductor PE,
~__~" which - under non-fault conditions - carries no current, NO connection
between either N and PEN or N and PE is permissible beyond the point of
separation of the PEN conductor into PE and N.
000158
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B0.6.18.5.2

f
\\

NS

The LV system for supply of essential consumers (emergency diesel supply)
shall be of 1T type. All required isolating transformers shall be included in

the scope of supply.

The neutral conductor is to be insulated in the same manner as the phase
conductors. The use of constructional parts of the switchgear as a neutral
conductor is not permitted.

All earthing conductors have to be rated depending on the value of earth-
fault current (see EN 50522 (VDE 0101-2) enclosure D). Separate installed
earth conductors must be at least 16 mm? for copper and 100 mm? for
galvanized flat-iron.

The earth electrode resistance shall ensure that potential contact will not be
higher than 50V (see IEC 60364 - 4 -41).

Protective measures for installations over 1000 V

Protection against contact
At least the following measures are to be taken for all parts that are 'live'
when in operation;
= Protection outside of closed e!mtncal operating areas:
= complete protection from all sides against contact, the degree nf
protection shall be at least IP23D according IEC 62271-202 and IEC
60529
» protective devices may only be removed by means of tools.
s Protection inside closed electrical operating areas:
» protection against contact with 'live’ parts within reach of personnel,
« protection against accidental contact outside the reach of personnel.

The above-mentioned measures for protection against contact are also to be

applied to 'dead' parts of the Plant where, in.the case of a fault, a-dangeroug?;
contact potential might arise, however,-where the parts must not be
connected to the protective earthing system for operational reasons.

Protection against coutact voltages

Protective earthing is to be used as a safeguard against excessively high
contact potentials for conductive parts of the installation, which do not form
part of the operational circuit. Here, all normally 'dead' parts equipment and

Y b apparatus shall be earthed if it is possible for them to come into contact with
\ flive' parts as a result of faylts due to the occurrence of surface leakage
jaths arcs or direct connections to a 'live' part of the equipment,

1

n considering the dimensioning of the protective earthing system, the
thermal loading and voltages on the earthing equipment are decisive factors
and these should be based on the maximum possible earthing current, which

can arise.
009199
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Connection of the neutrals

= 400 kV system: neutrals of the 400 kV windings of the transformers
shall be directly grounded

e 230 kV system: neutrals of the 230 kV windings of the transformers
shall be directly grounded

e 11 kV system: neutrals of the 11 kV windings of the transformers shall
be grounded by means of 400A resistors

e 3.3 kV system: neutrals of the 3.3 kV windings of the transformers shall
be grounded by means of 400A resistors,

B0.6.18.6 Earthing and lightning protection

B0.6.18.6.1 Earthing and potential equalization system

The earthing system and potential equalization shall comply with the
following standards:

» IEC 60364-4-41: Electrical Installation of Ruildings — Protection
for Safety: Chapter 41: Protection Against
Electric Shock

e IEC 60364-5-54: rlectrical Installation of Buildings — Part 5-54:

Selection and Erection of Electrical Equipment -
Earthing Arrangements, Protective Conductors
and Protective Bonding Conductors

» EN 50522 (VDE Earthing of power installations exceeding 1 kV
0101-2) : ‘
¢ VDE 0845, Part 1: Protection of Telecommunication Systems .
Against Lightning, Electrostatic Discharges and
Over-voltages from Electric Power Installations;
Provisions Against Over-voltages

s [EC 61643: Low-voltage Surge Protective Devices
For earthing, protective earthing, functional earthing, potential equalization
and lightning protection-potential equalization, a common system shall be

=9 established.
77 - e
o X \Within all buildings, internal earthing rings shall be installed. These shgf
S . linked by way of conneuticn tags to the foundation ground and outdoo
K \ 3 /:arthmg system.

S / All system and plant components which are to be earthed as well as N
electrical components, like protection and control cubicles, sub- distnbunon
boards, control systems, motors and transformers, shall be connected to the
earthing rings/bars. All steel structures within a welded Section shall be
connected to the main earthing system.
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/ At intervals not exceeding 20 m, and with at least two in every room,

At pipelines for flammable liquids or gases, earthing tags shall be provided
at each flange. All bolted flanges shall be bridged using a flexible braided
copper conductor. Each pipe shall be connected at least once to the main
earthing system.

No framework parts or other structural components shall be used for the
ground bus.

An earthing cable shall be included in all main cable runs.
Protective earthing and potential equalization of electronics cubicles,
frameworks, racks etc. shall be executed as follows:

» Earthing rings shall be installed in the 1&C rooms as buses, to be
connected at several locations — at least two — to the earthing network.

e For each row of cubicles, at least two connections shall be made to the
earthing ring. Cubicles in a row shall all be connected by conductors to
each other.

o If cubicles are attached to a raised platform flooring of steel structural
parts, it shall be ensured that these are electrically connected to each
other throughout the area. The raised floor shall be connected to the
earthing ring at several locations, and as a minimum at two corners of the
room.

Foundation earthing

All buildings, including those with a steel skeleton, shall be equipped with
foundation earthing. The foundation earthing shall be installed in addition to
reinforcement that is likewise connected together with braided conductors.

The foundation earthing shall be used in connection with the other earthing
systems like protective; operational, functional and lightning protection
earthing.

In the case of pile foundations, earthing rods of the same length as the piles
shall be installed along with the foundation piles at intervals of around 10 m
and connected at around every 2 m to the pile reinforcement using braided
conductors. The earthing rods shall project beyond the top of the piles and
then be connected to the earthing system of the ring foundation.

In addition to the closed ring of the foundation earthing system, a net of

mesh size around 10 x 20 m shall be embedded in the bottommost concrete

layer. The foundation earthing shall be connected to the reinforcement by a
g braided conductor at intervals of about 2 m.,-

connection tags from the foundation earthing shall be foreseen for
connecting the internal earthing ring. Connection tags shall likewise be
foreseen for connection to the external earthing system and to the lightning
rods. Optionally, lighting rods can be connected to the external ring
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B0.6.18.6.2
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earthing, with connections then made from this ring earthing to the
foundation ground by way of the internal earthing ring at intervals not
exceeding 20 m,

Earthing material
& Refer to Part B7.

Screening
The measures described in the following serve for screening and potential
control within (see EN 50522 (VDE 0101-2) Annexes E and F) and for

lessening overvoltages.

* For reinforced concrete buildings, at each corner of the building
including the bottom slab, an additional mesh of rebars, of approximate
mesh size 10 x 10 m, shall be provided at the topmost reinforcement. The
meshes shall be produced by welding. This additional reinforcement,
connected so that it is electrically conducting, may be dispensed with if it
is ensured that the existing reinforcement is so connected by welding at
appropriate points that it is electrically conducting.

¢ At intervals corresponding to the mesh-Wwidth, earthing wires from the
reinforcement shall be incorporated into the building pillars, rising from
the foundations to the roof, and so welded that they are continuous, These
earthing wires shall terminate at the roof parapet. The meshes and
earthing wires shall be welded to each other.

» For steel skeleton buildings, equivalent measures shall be taken.
Framework Sections shall be welded to make up a defined, electrically
conducting connection or shall be bolted together so that they are
electrically conducting,

» Metal fagades and coverings shall be preferred over non-conducting
materials and at their topmost and bottommost points shall be connected
at an adequate frequency to the lightning protection system.

» Reinforcement of cabie ducts of reinforced concrete shall be connected to
parallel running earthing cables. These earthing cables shall be connected
to the screen of the building earthing system or to the foundation earthing

system.

Lightning protection

All buildings and structures shall be equipped with a lightning protection
system. Lightning protection level I (LPL) according to IEC 62305 shall be
considered.

The building lightning protection system is to be executed according to:

e [EC 62305-1
e [EC 62305-3 and
» [EC 62305-4

BIFPCL/EPC-Maln Planl/2015// .
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and alongside protection of human life to prevent damage not only to
buildings, but also to electrical and electronic installations.

All buildings and structures are to be protected against lightning strikes by
meanz of lightning collectors and conductors. The collectors are to be
arranged in such a way that, as far as possible they collect all lightning
strokes without these directly striking the parts to be protected. This
condition is considered to have been fulfilled if no point on the roof surface
is more than 5 m away from a collector. Collector lines suffice as collectors,
e.g. along the ridge and at gables and eaves.

Ridge conductors must be taken right to the end of the ridge. Moreover roof
conductors should run as natural continuations of all main conductors.
Conductors at the gable extremities or zaves must be laid in the closest
possible proximity thereto. In the case of steel-framed structures the ridge
conductors must be connected to the roof supporting structure at least every
20 m. Lower level annexes are also to be provided with collectors.

Roof lines and other conductors are to be laid and fixed in such a way that
“they can withstand the stresses expected from storms, lightning strokes, roof
work, etc.

One main conductor between the lightning collectors mounted on the top of
the building and the porential grading ring laid in the ground is to be
provided every 20 m of the before-mentioned lightning collector, The
maximum spacing between conductor fixings may not exceed | m for
horizontal runs and 1.2 m for vertical runs.

Lightning protection material
In case of buildings with steel structures and sheet steel cladding, the steel
columns and the sheet steel cladding shall be used as lightning conductor. In
case of masonry buildings or buildings with cencrete structure, external
lightning conductors made of copper or stainless steel shall be used.
Lightning arrestors (arrestor tips and roof conductors) or Lightning air
terminal shall also be made of copper or stainless steel rods. The conductor
supports of the lightning protection system must be copper or bronze, Nuts
and bolts at isolating or other points which are to remain detachable must
made of copper-nickel-silicon-bronze.

B0.6.18.7 Technical conditions for high voltage motors

If not specified otherwise all electric motors must be designed to meet iP 5
enclosures,

All motors with rated power (referred to 40° C ambient temp.) of 160 kW
and above must be designed as HV motors. e
f = / 1 -ll\ .
| . 3 =
it |
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B0.6.18.7.1  Constructive features
The following constructive features shall apply:

a. Climatic protection provisions for mounting in the open in a humid and
hot climate. Insulation class F. During operation at rated power of the -
driven machine, the motor insulation must only be stressed in
accordance with the requirements of class B insulation,

b. Motor parts made of iron internally and externally sandblasted and

surface-protected.

Paint finish resistant to chemicals and seawater.

Bolts with adequate corrosion protection.

All joint faces and gaps sealed.

Anti-condensation heating to be switched into operation when the motor

feed circuit is in the 'off' position. Heater supply power 'on' indicating

lamp is to be provided.

g. Special treatment of windings with resin impregnation plus immersion
in varnish.

. Varnish-insulated laminations. -

i. Pressboard material protected by varnishing. .

J+ . For motor ratings the cooling air available at the specific location has
to be considered. .

mo oo

All motors shall be either totally enclosed fan cooled (TEFC) or totally.
enclosed tube ventilated (TETV) or closed air circuit air cooled (CACA)
type. However, motors rated 3000 kW or above can be Closed Air
Cireuit Water cooled (CACW), CW motors can be screen protected drip
proof (SPDP) type.

k. Condensation outlets to be provided at the lowest point in the housing,

Design and construction of the motors shall comply with IEC 60034-1,
60034-5 or VDE 0530 and DIN 40050.

B0.6.18.7.2 Electric features

& The following electric features shall apply:

£ 1--_a Motor rating to be at least 110% of the maximum required electric
/4 . "~ ‘spower consumption of the driven machine.
/i ~_/ ' b, €ontinuous delivery of rated power at voltages of 90 - 110% of the rated
TN v‘uitage and allowable frequency range within the fimits of thermal class -
- ¢, /Rated power output at ambient temperatures existing at the particular
site of installation and under continuous running conditions.

d. All motors shall be designed as 3-phase squirrel-cage motors suitable for
direct on line starting. It must be possible, with 100% residual voltage,
to switch them on to a large and stable power supply network without
incurring damage or deformation. The motors must still be capable of

B140A01/FICHT-15702705-v5 FICHTNER BO-1561
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faultless running up to speed with a voltage drop to 80% of rated voltage
and rated loading,

However, 75 % starting voltage shall be allowed for motors above 4000 kW,
Mill motor being high starting torque motor, is specially designed and
shall be suitable to operate at 85% rated voltage for | minute only,
provided that the mill motor is suitable for starting/running with voltage
variations for which aux. power supply system is designed.

e. Motor starting current must not exceed 5.5 times rated current (referred
to motor rating at 45 °C ambient temperature) for motors up to 2 MW
and must not exceed 4.5 times rated current (referred to motor rating at
45°C ambient temperature) for motor ratings above 2 MW, The voltage
drop at direct-on-line starting should be limited to 20% at the motor
terminals except rating above 4000 kW. However starting of any motor
shall not cause tripping of any other consumer.

However, Bidder/Contractor is free to design his system with starting
currents up to 600% maximum.

f TFrom the cold state four consecutive starts up to full speed must be
possible. The second start must be possible immediately afier the first
start, the third 20 minutes after the second, the fourth 20 minutes after
the third.

2. A minimum frequency of starting cycles of 1000 per year must be
guaranteed.

h. In general, motors must be capable of mnning without overheating when
subjected to three consecutive starts within one hour after having run for
an extended period on a voltage of 95% nominal voltage. Thereby the
second start must be possible immediately after the first start and the
third 30 minutes after the second start. In individual cases where
operation depends on signals from pressure switches or other such
sources, then a more severe duty with respect to the frequency of starting
cycles per hour shall be necessary and the design of the motors must be
carried out accordingly. ' '

B0.6.18.7.3 Protective features
g The following protective features shall apply:

= a. High voltage motors must be fitted with measuring points for the
~ - % determination of slot and bearing temperatures.
b, Six Pt 100 resistance thermometers (2 per phase) are to be provided for
3 W ; slot temperature measurement, and a double thermocouple or resistance
\ / thermometer per bearing must be provided for bearing temperature
Ve " measurement. Type of temperature elements shall be finalized by the
e manufacturer.
¢. Each Pt 100 shall be connected, potential free, to a terminal strip. The
connections to the thermometer as well as the associated over-voltage
cutouts shall be brought into separate terminal boxes.

B140A01/FICHT-15702705-v5 FICHTNER @— B0D-152
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d. Where motors have closed-cycle cooling, tempe ure-measuring points
must be fitted in the cold air stream.

e. The winding temperatures have to be detected with RTD's at high
temperature and alarm to be produced, at extra high temperature the
motor to be tripped. .

f. All motor gaps and joints berween it and other units must be sealed.

Earthing clamps at both sides of the stator have 1o be provided.

All HV motors bearings shall be equipped with vibration sensors for

vibration monitoring.

=oa

Considering the rating of CHP HT motors vibation monitoring is not
required. For Coal Crushers vibation isolation & monitoring shall be
provided.

i. Temperaturc (ransmitter to be provided for all femperature measuring
devices.

B0.6.18.7.4 Other features

Terminal Boxes

The main terminal boxes o1 the high voltage gide shall be pmvided with a
pressure relief joint for the purpose of reducing the danger of an accident as
a result of short-circuits, and shall be fitted with 2 terminal block suitable for
any desired type of connection.

Cable connecting boxes must be 1ongitudinaily divided to facilitate fitting of
cable sleeves and end caps. Protection class shall be IP 35.

Inside the terminal box an earthing clamp for connection of the cable shield
must be foreseen.

“The opened termina) boxes must have provision for local carthing 10 be
carried out. '

All terminal boxes shall be provided with a removable undrilled gland plate.
The gland plates shall be of non-magnetic material if single core cables arg:
to be installed.

%( Connections, star-point terminal boxes etc.
/ﬂ All motors must have the star-point connection brought out separately | "

£ ol W terminals.
& s : : =
el . Forall motors with a rating of 2000 kW or above 2 differential relay for
: = /winding protection shall be provided and installed in the associated switch-
R ,/ gear. In that case the star-point connection shall be brought out separately 10
terminals. The differential current sransformers are to be designed to class 5

P10 with 2 rating matched 10 the protection SyStem The CT's shall be
accommodated i the star-point terminal box.

514uA01fF1::HT—157u27ns-v5 FICHTNER BO-153
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B0.6.18.8

Coupling

The motor shaft halves of the couplings, finish-bored, balanced, and
complete with key ways are to be drawn on to the motor shaft and baianced
out together with the rotor.

Cooling
Air cooling for the motors is the preferred method. Where water-cooling is

applied, conditioned and treated, water shall be used.

Motor air exchanger circuits should be suitable for the prevailing
atmospheric conditions, i.e. ambient temperature, content of humidity and
salt in the air, etc. are to be considered.

Running quality

The running quality must be within the classification of "Class C, Zone A"
according to the ISO 10816-1 or equivalent, i.e. the vibration velocity must
be not greater than 1.8 mm/s (rms).

Reverse speed

If reverse rupning, can occur in the case of equipment driven by a motor
(e.g. cooling water pump), the motor must be dcmgned for maximum,
possible reverse speed.

A reverse rotation alarm and starting-circuit interlock are to be provided to
ensure that the equipment cannot be started while running in reverse.

Lubrication

All MV and HV Motors shal] preferably be equipped with on-line lube oil
purification and auto-grease facility. These systems shall preferably be
procured from one single manufacturer.

The above requirements of the specification to be considered only as a
preferred solution. However OEM recommandation will be accepted.

Technical conditions for low voltage motors

If not specified otherwise all motors must be designed to meet IP 55
enclosure according TEC60034-5,

All motors with rated power (referred to 40 °C ambient temp.) less than 160
kW must be designed as LV motors with premium efficiency class [E3.

The equipments which are only operating for short period shall not be
covered under [E3 such as:

a) Sootblower Motors- operates only during soutb]awmg sequente

b) Seal air fan motor for damper sealing operatlon operated only durin

maintenance. = .
r g -
i . ¥ N
b N

¢ :
B140A01/FICHT-15702705-v5 FICHTNER \ 4 B0-15
BIFFCL/EPC-Main Plant/2015/1/ e T ;’/ %&/



2 x 660 MW MAITREE SUPER THERMAL POWER PROJECT SPECIFICATION NO PE-TS-421-501-A301

B0.6.18.8.1 Constructive features

The same features as for high voltage motors shall apply.

Anti-condensing heating shall be provided for motors of 55 kW and above.

B0.6.18.8.2 Electric features

All motors shall be designed as 3-phase squirrel-cage motors suitable for
direct on line starting.

The motors must be capable of being switched on to a large and stable
network and with phases in opposition.

The electric features a), b) and ¢) of high voltage motors aiso apply here.

Motors starting current must not exceed 7.0 times rated current (referred to
the motor rating and 45 “C ambient temp).

The Starting current of LV Motor (LE3) shall be inline with TEC 60034-30.
Applicable de-rating factor for des;gn temperature of 45 Deg C shall also be

applied.

B0.6.18.8.3 Protective features

An earthing clamp inside the terminal box has to be provided.

B0.6.18.8.4 Other features

Cable leads
All cable connecting boxes are to be designed to meet the requirements of IP

35 or [P 58 protection class respectively.

The cable connecting boxes are to be instalied easily accessible on the
motor. The connecting boxes must be capable of being turned by 90° or
180° and of being opened up longitudinally. The connection boxes are to be
fitted with a terminal block.

Shafts . .
\?’here not otherwise specified, motors must be fitted with a free shaft end.

Protection against explosion hazards
Low-voltage motors, which are to be installed in areas exposed to the risk of
explosion must comply with the rules laid down in VDE 01 65!0170/01 71

for the particular explosive mixture. | o \
B14DAQ01/FICHT-15702705-v5 FICHTNER 5] .\ll’-"-'i..-.
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B0.6.18.9

B0.6.18.10

B0.6.18.11

DC motors

The use of DC motors 1s to be avoided and must be agreed by the Employer.
The maximum starting current must not exceed 1.8 of the rated motor
current (referred to the motor rating at 45 °C ambient temperature).
However any other value of starting current proposed by Bidder/Contractor
during basic/detailed engineering shall be subject to Employer’s approval

. Actuator drives

As far as applicable the above “Technical conditions for low voltage
motors™ shall apply.

In addition; all actuators for valves, dampers etc are to be fitted with socket

and plug of well-established make to IEC 60309 or equivalent for the power
cable connection. For the control cable connection separate socket and plug

shall be provided.

Self-cooling at respective ambient temperature conditions is mandatory. Fan
cooling is not accepted.

Actuators shall have integrated starters. Regulation type shall be continuous
modulation type (min. 3000 starts per minutes).

Frequency converters

General

On the basis of the requirements of the driven equipment, the Contractor
shall design, supply, install and commission.a complete, fully operative,
variable-speed converter drive (frequency converter and motor, for motors
up to 400 kW, for motors 400 kW and above in addition to the converter a
converter transformer shall be pravided). ‘

Converters made by reputable manufacturers are to be used.

Technical requirements
The design of the converter (maximum continuous rating) is to be based on

the maximum shaft output required by the equipment assembly.

Maintenance work and cable connections must always be possible from the
front of the converter cubicles

The terminals on the input and output sides are to be rated such that parallel

cables can be connected.

adjusted steplessly, It must be fully eqmpped for ramota control and
monitoring in the contrel room.

B140A01/FICHT-16702705-v5 FICHTNER, I ,y/ Q})’/ B '
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An on-load disconnector and a power contactor are to be provided at the
power input of the converter.

For motors with a rating up to 400 kW the frequency converter shall be
designed in at least a six-pulse circuit on both the line and motor sides.

Frequency converters using Insulated Gate Bipolar Transistors (IGBTs)
should preferably be provided on both the line and the motor sides.

For motors with a rating above 400 kW the converter should be designed in
a 12 pulse circuit supplied via converter transformer.

The converter is to be disconnected if the voltage drops to less than 80% of
the rated voltage or if one or more phases of the line voltages are missed.
When the line voltage is restored, the converter is to be connected again
automatically, providing the break in the power supply did not last longer
preferably than 5 seconds. The Plant check back signals (floating change-
over contacts) must continue to be received during this period, while alarms
are to be suppressed. It must b possible for the converter to be connected at
any coasting-down drive speed and with in-phase voltages. The specified
frequency set point is to be resumed automatically.

If the voltage reduction or the power failure lasts for a long time, the drive
must remain switched off; in this case, it must subsequently only be possible
to switch it on again either manually or by means of the higher order control,

The converters are to be designed for'10% more than the maximum power
output required by the system. The purpose of regulating the converter is to
ensure that the indirect current and voltage remain within the permissible
limits during all control processes. This should apply both when the motor is
started up and when the speed is adjusted during operation.

Forced ventilated converters are to be equipped with redundant fans (two
double fans).

Flow monitors (not air vanes) are to be used to monitor the fans. Positive
control is to be provided for fan drives with a master drive,

Converter transformers
The transformer shall meet the requirements in the [EC standards 60076-11
and 60146-1-3, shall be of Lua:-resin type and are to be installed in
protective casings made of sheet steel, cooling method AN, thermal
insulation class F (utilized according to class B only), type of protection at

least IP 21.
The transformer output shall correspond to the-pewer requirement of th
frequency converters. s
4
f
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It should be possible to vary the high-voltage side within a range of 2 x +
2.5%, by means.of réversible clamp connectors.

The connections on the high-voltage side have to be carried out using
cables.

Busbar connections with short-circuit protection are to be provided to the
current converters on the low-voltage side.

Suitable earthing studs are to be provided for maintenance purposes
(earthing and short-circuiting).

All accessories - especially sensors and terminal connections - must be
arranged so that they are readily accessible.

The windings must be flame-retardant and self-extinguishing. The cast-resin
mixture must not contain any flame-inhibiting additives which develop toxic
vapors or gases either under the influence of secondary fires or in the
electric arc. A report on this subject has to be enclosed with the bid.

Moisture-proof design:

It must not be necessary to dry the wmdmg aﬁcr shut-off pe:nods The
protection against voltage surges and short circuits, the noise levels and the
freedom from partial discharges up to twice the rated voltage must be
verified by means of type tests.

The windings are to be protected by means of a temperature monitoring
system, comprising the following minimum components:

¢ 3 PTC resistors (1 for each phase)
» 1 tripping unit with isolated change-over contacts for remote signalling
(alarms).

* Temperature transmitter to be provided for all temperature measuring
devices

Instrumentation and control

The instrumentation is subdivided into a local Sectmn in the converter
cubicle and into a "remote" Section in the control room. All the measures
necessary to enable the drive to be remote-controlled and remote-monitored
must be implemented, i.¢. all the 24 V DC interposing relays which are
required to convert the on/off commands from the instrumentation and
control system, signal transducers, etc (see also “remote control and remot;
indications™ below).

A suitable automatic compensation facility is to be provided, to ensure t
the transfer between LOCAL mode and REMOTE mode is bumpless in b
directions. The emergency shutdown functiomof the equipment must act on
the converter directly, regurdless ofvhether 'local'or 'remote’ mode is set.
|F - ¥ )
ll - L]
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Local instrumentation and control
The following are to be provided as a minimum in the converter cubicle:

Controls

a) Local/remote converter control (key-operated switch)

b) "On" and "off" converter controls

c) Set point adjuster (speed)

d) Incoming master switch, "on-off"

e) All the controls necessary for internal converter settings and
adjustments, as specified by the manufacturer

Indications, signals, monitoring
a) Line voltage indicator
b) Output frequency
c) Output current
d) Operating status signals, in accordance with the specifications of the
instrumentation and control supplier, though at least "Ready", "Drive
running” and "Zero and set speed reached"
¢) Motor temperature monitor - alarm Motor temperature monitor - shut-
down-
f) Signals concerning internal operating states of the converter, in
accordance with the manufacturer's standards, though at least:
« Overtemperature
« Line voltage monitoring
« Line undervoltage
« Overcurrent
» Control voltage monitoring
- Converter protection
» Fan monitoring
+» Incoming air temperature
« Motor feeder interruption
+ Motor feeder-short circuit
« EBarth fault
« Motor blocked
« Other faults.

Remote control and remote indications
Account must be taken of the following types of remote control and

95( indication in the control room, and suitable interposing relays, transducers
and switchgears are to be provided in the cubicle:

5 .+ &) Converter "on/off" and "lcual/remote"
I " b) Set point adjuster for speed (4 - 20 mA)
1 , / ¢) Remote indication for speed as 0/4 - 20 mA standard signal
% d) Motor current as 4 - 20 mA standard signal
g 4 < &) Combined fault
N s f) Remote indication of the set speed potentiometer as & 0/4 - 20 mA
standard signal
g) All Switchgear faults and “Racked-Out” events

B140AD1/FICHT-15702705-v5 FICHTNER BO-159
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h) Other controls and indications

All event signals and check back signals must be made available on the
terminal strip as floating change-over contacts.

System perturbation

The perturbation caused by the voltage harmonics in the feeding three-phase
system, which are & result of the converter drives, must not exceed the
specified limit values, i.e. 5% for the 5th harmonic voltage, 4% for the 7th
and 2% for each of the [1th and 13th. IEC 60801.1 - 60801.4 are also to be
observed in this connection. The system perturbations are to be curbed by
means of suitable measures if necessary. The contractor is responsible for
demonstrating conformance with the above-mentioned limit values.

B0.6.18.12 Cable and cable trays

B0:6.18.12.1 Cable Jaying and routing requirements

The Contractor responsible for cable routing and laying has.to observe a
strict unit separation. The cables must be routed in different cable channels
or, as the minimum requirement, on different cable trays, so that in case of a
fire or any accident in a cable channel or tray two units will not be affected.
Further in case of two critical drives of the same unit with both drives
operating in normal conditions cable for the same shall be routed through
two completely redundant routes.

On vertical cable risers, walls and ceilings the cables must be secured with
corrosion-resistan. cable clips (e.g. cable clamps with cable protecting cable
sleeves). g

Cable risers near gangways or in electrical. rooms that are exposed to
possible mechanical damage are to be protected up to 1 meter from ground
by suitable metal cover.

All holes in ceilings, floors and wall made for cable routing must be sealed
fire-resistant, when the cables have been laid. This also applies to

switchgear panels and cubicles, passages between cable ducts, at vertical
risers etc. As there is an increased danger of fire during the construction
period the holes shall be fire-resistant sealed at that stage already. This (/3
applies especially to vertical runs. :

When the cables are no longer supported on cable trays or risers etc. the,
power, DC and instrument transformer cables must generally be run singly
in galvanized steel conduit. With lighting cables, measuring and control
cables and telephone cables, several similar cables can be run in one
conduit, Surface-mounted conduits musl;,bc”s%?:ureﬂ every 1.5m. [} L‘: 3 1 ? 3
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The control and communication cables must be |aid sufficiently apart from
the power cables so that no interference will occur and the transmission of
fault signals is excluded, For this purpose the following minimum
separations aré to be observed:

+ 300 mm between low voltage power cables and measuring and contre)
cables at yoltages of 60 V and below,

» 300 mm between power cables and measuring and control cables at
voltages above 60 V,

« 600 mm between medium voltage power cables and measuring and
control cables at yoltages of 60 V and below.

The laying of cables outside of buildings should be preferably on cable
bridges that preferably are to be naturally ventilated.

If the cables are.laid in the ground, after excavating the trench a layer of
sand must be introduced. On the sand the cables are laid separately from
each other according o yoltage Systems. The cables must be laid at a depth
of 0.8 m at least. The trench is filled with sand and covered with concrete
covers or bricks. The thermal resistance of the backfilling shall not exceed
150 Kem/W. A ground temperature of 78°C has to be considered Where
cables have to pass under streets cable duct blocks with a suitable bore(s)
should be provided. The marking of cable routes by cable warning tapes
must be provided.

When laying the cables on cable trays, cable risers, cable channels, etc. and
when choosing the size of the cables care must be taken that sufficient
ventilation is available and that there is nO possibility of thermal
overheating, or strain on the cables.

Cables that must move with connected apparatus owing to thermal
expansion (€.8- boilers) must be provided in & flexible form or they must
have sufficient slack at the lccation.

All the ends of the cables must be_preparcd' according (o the particular
requirements of the manufacturers and connected to existing terminal stripss
terminal SCrews, apparatus terminals, etc.

The necessary cable sealing ends and the stripped and fanned-out cable
ends, where no sealing ends are provided, must be fixed {o the appropria
supporting structures.

—
- —

Q)>>(E50)5.“I 8.12.2 General cable construction requirements
2

I.;'f o5 *\The mediurn and low voltage cables shall be of Fire Retardant Low Smo
| / © % Y(FRLS) with XLPE insulation. For cables that are exposed 10 ambient

emperatures above 60°C, teflon or silicon® cables are to be provided.

- -/ Forsafety related equipment fire surval cables shall be provided. =
— QQ0lv
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The cables must be suitable for laying indoors, in the open (direct or indirect
sunlight), in ducts, on trays, in the ground and in water. The cables must be
resistant to solar radiation, the effect of oil, seawater, bacterial action,
insects and rodents. Outer sheaths are to be manufactured from non-
combustible or flame retardant Jow smoke material.

Manufacturers testing standard related to resistance to solar radiation, effect
of oil, seawater, bacterial infection, insects and rodents, will be accepted.

All cables must be provided at both ends, at every 20 m and every bend with
identification in the form of numbered labels corresponding to the coding
system. The individual cores will be numbered or identified by colour-
coding.

The cables must be laid to ensure that they can be replaced or renewed in a
simple manner.

B80.6.18.12.3 Medium voltage (MV) power cables

The design of the MV cables shall be screened, stranded, single-core or
three-core copper conductor cables of FRLS with XLPE insulation. The
cable shall be sealed with a red, non-fading PVC outer sheath. Three-core
cables shall be designed with individually screened cores.

The MV power cables must be designed for the thermal and short-circuit
characteristics of the electrical systems, taking into consideration the
following minimum short circuit duration:

s for incoming cables and cables to sub-distribution: tault clearing time of
the back-up protection.
« for all other cables: the fault clearing time of the main protection.

The cables must be terminated and connected to the indoor metal-clad
switchgear or the sealing ends are installed in cable connection hoods
mounted on the power transformers.

In the event of outage of the air-conditioning plants of the switchgear
buildings the internal and external conditions will become the same.
Therefore, sealing ends are to be used which shall be suitable for the
maximum conditions at site.
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B0.6.18.12.4 Low voltage (LV) power cables

The low voltage power cables shall be standard single and multi-core cables
of FRLS with copper conductor and XLPE insulation.

To ensure the elimination of excessive contact potentials on any object,
effective earthing must be carried out as a safety measure and suitable 3-
core, 4-core and 5-core low voltage power cables must be provided. The
minimum conductor cross-section of the low voltage power cables is 2.5
mm?2. If 3 1/2-core cables are used, the reduced conductor for protective
neutral must have a cross-section of at least 16 mm>. In lighting systems
(especially discharge lighting circuits) the use of a reduced conductor for the
protective neutral is to be avoided.

Depending on the site conditions the DC cables must be single-core, 2-core
or 4-core. Between batteries or rectifiers and the DC switchgear single-core
power cables should in general be used.

The LV power cables must be designed for the dynamic and thevmal

characteristics of the electrical system and for continuons operation.

B0.6.18.12.5 Current carrying capacity of power cables

The ratings for continuous loading of the cables shall be calculated
according to the relevant [EC regulations. The Contractor must submit
corresponding tabulations for all cables to be used.

The maximum voltage drop under normal conditions shall not exceed 2.5%.

Voltage drop during starting shall be considered as 15% & during running
3%.

The voitage drop between the the MCC and the terminal of the load shall
not exceed 2.5%. It is asumed that the switchgear and the MCC are
connected by bus-bars/- ducts means the voltage drop is very low.

S5 The voltage drop for MV Cable Shall be limited to 3% and for LV Cables:

& ff I ‘'@ The voltage drop on the LV cabless from Main Distribution to
I‘f\. - - s / subdistribution shall not exceed 2.5% '
il LS R The volwage drop up to the LY motar terminals shall not exceed 5% at
Tl Al normal operation and 15% during starting.

B0.6.18.12.6 Measuring and control cables above 60 V/ instrument
transformer cables

For voltages above 60 V the cables shall be of Fire Retardant Low Smoke
(FRLS) with PVC insulation and a mini-mum conductor cross-section of

8140A01/FICHT-15702705-v5 FICHTNER BO-163
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1.5 mm?. If they lead to outlying buildings, cables with a common core
screen and protection against induction must generally be used.

For instrument transformer cables inside buildings the minimum conductor
cross-section must be 2.5 mm”.

Instrument transformer cables leading to outlying buildings must have a
minimum size of 4 mm? and must generally have a common core screen.

The maximum voltage drop shall not exceed 2%.

B0.6.18.12.7 Measuring and contro| cables below 60 V

For voltages up to 60 V, measuring and control cables shall be of FRLS with
PVC insulation and shall have stranded or solid copper conductors of
minimum 0.8 mm diameter. Multi-pair control cables with paired lay-up of
the leads and lay-up of the pairs themselves shall be used.

Instrumentanon cables shall be identified by colour codes and bank markmg
as per VDE 0815.

Wherever necessary, e.g. for all cables leading outside the relay rooms
and/or control rooms, the confrol cables shall have a common screen (Al-

foil or Cu-foil).

Cables must generally have appropriate electrical protection against
inductive/resistive influences and lightning.

The required compensating wires for temperature measurements must be at

least 0.5 mm~.

The maximum voltage drop shall not exceed 2%.

The individual cores of the multi-pair control cables shall be identified by
numbers or a colour coding system.

Minimum size of 0.5 sq mm shall be considered for wiring including for
contro] cabinets.

B0.6.18.12.8 Fiber optic cables (FOC)

All fiber optic cables as well as their deployment and the entire test &
procedure shall comply with IEC 60794, The cables shall be able to apera o
continuously in temperatures up to 70°C. The fiber optic cables shall be
loose tube type with the fibers fed into tubes. The tubes shall be sufficiently
strong to hold their shape and provide prﬁ‘!ccrmu for the fibers against

"-—-—_—--"'

deformation and friction. Eagh fiber ahaﬂ be colout coded ace, to IEC
60304. pj(/ ). -
8140A01/FICHT-15702705-v5 FICHTNER \ o BO-164
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Buried fiber optic cables shall always be laid inside adapted conduits.
Installation shall ensure rodent protection and be water tight. The conduits
system shall supply all equipment necessary for the deployment acc. to FOC
menufacturer’s specification. Occupancy shall allow future cable
installation.

For out-door applications cables shall be suited for out-door deployment,
longitudinally water tight, filling material standardized for all cables, yield
minimum 3,000 N.

The fiber optic cables shall be complete with non metallic strain relief
elements. Fiber optic cables that are installed cutdoors shall be armored.
‘Cables used indoors shall be reinforced with a steel wire braid.

Graded index fibers cables and monomode fiber cables shall comply with
1IEC 24702:

Graded index fibers gables shall consist of always 24 fibers

e fiber - type 50/125 pm, OM-3.

Monomode fiber cables shall consist of always 24 fibers

o fiber - type 9/125 pm, OS-1.

197 patch panels shall be used for termination, connectors shall be LC-
. Duplex as standardized by IEC 6 1076-3-106 var. 4. All fibers shall be
terminated / connected.

Each fiber of all FOC shall be deployed and tested according to IEC 60794
Resulting test protocols of all single fibers of all FOC shall be handed over
to the Employer, stating all details in written.

B0.6.18.12.9 Cable supporting structures

Construction requirements
Basically, pre-fabricated cable trays, cable risers, hanger rods, screws,
clamps and all fixing material of corrosion-resistant finish, hot-dip
galvanized, shall be used. If in certain sections the.use of trays and risers is
not possible, cable racks are 1o be provided in such places. These shall be

- made of corrosion-resistant, steel angle Sections, hot dip galvanized. The
steel angles must be cut to size on site and exposed cut surfaces must be
suitably treated on the spot 10 prevent corrosion before being fitted. The
minimum requirement for this treatment is the application of an anti- /%

corrosion layer of zinc coating, ===
AT e
o
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All cable tray T-junctions, cross-overs, vertical and other shelving, bends,
etc. must consist of pre-fabricated tray elements so that crushing of the
cables at these transition points is avoided.

The cables laid on the trays must be carefully arranged and ordered. All
cable tray routings cousisting uf several individual cable trays that are
located outside buildings and exposed to the sunlight shall be provided with
sun-shades made of the material as described for the cable tray equipment.
In all areas where an accumulation of coal dust must be expected, e.g. coal
handling plant, conveyor belt ways, bunker area, the cable trays shall be
installed vertically.

The trays and risers must be installed in such a way that in accessible
manways an escape route at least 800 mm wide by 2100 mm high is
available for the personnel.

For safety reasons the lower parts of the hanger rods and all other exposed
parts in manways and escape routes must be fitted with plastic covers,

In indoor installations hot dip galvanized materlal with an average cnatmg
thickness according to ASTM A123/123M is to be used.

In all external areas, in semi closed buildings and in areas with corrosive gas
or steam, Fibre Reinforced Plastic (FRP) cable trays tested according to
international standards shall be provided.

The cable trays must be designed to ensure that there is $% spare space on
all trays when commissioning and handing-over is complete.

The fixing materials for the cable trays and risers must be corrosion-resistant
or at least be hot-dip galvanized. The rods, brackets and risers must be fitted
with appropriate support brackets to be fixed to anchor vails or fixed by
dowels and screws in walls and ceilings.

Welding to steel structures and the welding together of hot-dip galvanized
cable-laying accessories is not permitted.

After completion of the cable:Jaying work the maximum deflection of the
cable trays shall not exceed 2.5 mm per 1.5 m (specified distance between
two hanger rods).

B0.6.18.13 EMC measures
All EMC measures shall ensure that during subsequent operation, no >
impermissible malfunctions or damage to equipment occurs due to violating
electromagnetic compatibility. e
e <« - -‘\"1
g ik
1
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The description of the measures is not limited to this chapter, but also forms
a part of other chapters, in particular "Protective measures”, "Earthing and
lightning protection™ and "Cabling”.

The EMC requirements are set out in the following.

Under consideration of the conditions and constraints, the equipment used
shall emit the lowest interference signals and exhibit the highest immunity
to interference.

All equipment items shall operate properly when connected to networks
with a power supply corresponding to the maximum permissible tolerances
as laid down in EN 50160 (as regards, harmonics, voltage fluctuations efc.).

Priority is given to reducing sources of interference.

Additionally, by means of high-capacity screening, generation of
overvoltages due to inductive or capacitive coupling shall be reduced.
Influencing by electrical and magnetic fields shall be reduced.

' Earthing and potential equalization systems designed for low-impedance
shall reduce generation of overvoltages due to ohmic coupling.
If EMC resulting from the measures named above is still not adequate,
further measures shall be taken within buildings, for example by lsolatmn
and suppressor circuits.

Thanks to the lightning protection and screening measures taken at the
buildings, within them an EMC protection zone is formed.

All installations penetrating this protection zone, that is where they pass
through the external walls of buildings, shall be incorporated into a lightning
protection-potential equalization system as close as possible to the points of
entry and exit of the building. This applies also for conductors carrying a
potential. At entry or exit, these shall be included in the lightning protection-
potential equalization system by way of suppressor circuits.

Cable runs to outdoor plant components and between buildings may also be

screened by appropriate measures, and so form a part of the protection zone.
If this is done, the suppressor circuit can be dispensed with,

boards.

Overvoltage protection shall be foreseen within the power supplff for Bkl
central and distributed power supplies to electronic cubicles.

All conductive parts of the structures and installation within the scope of the
contract must be connected to the main ear‘;‘hi_ng-gﬁt\cm.

“J
£
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All steel Sections or frames must be provided with at |east two earthing
straps for every frame or Section that is fabricated from parts welded
together. The earthing straps shall be located at the ends of the beam Section
or frame Section in every case.

The Contractor must provide earthing straps in front of and behind the
screwed connection in every case and these straps must be interconnected,
using stranded copper, and connected, at least at one point, 1o the main
earthing system, except the Contractor verifies that the type of screwed
connection applied is a permanent electrically conducting one.

Tanks and vessels containing flammable liquids or gas shall be earthed by a
connection to the earthing grid or by bonding to earthed metal structures.

Each pipe shall have a minimum of one connection to the earthing system.
[n areas where flammable vapor-air mixtures may exist, electrically isolated
Sections of metallic piping shall be connected to the earthing grid.

All flange connections in these lines shall be bridged by flexible stranded
copper, Earthing tabs shall be provided at each flange.

When connecting differing materials together the required material
transition plates must, in general, be inserted. All connecting materials must
be corrosion-proof and suitable for the conditions prevailing at the
installation point.

Railway lines, together with electrically conducting pipelines leading
outside the power station place must be insulated or be fitted with
intermediate insulating links or elements.

Each cable tray and cable riser of less than 20 m length have 1o be earthed
once; structures of more than 20 m length have to be earthed twice.

B0.6.18.14 Requirements for local cubicles and ocal housings for e.g.
switchgear, control, measurement and signalling equipment

Steel-clad cubicles and enclosures with fixed, integral switchgear and
apparatus must be provided.

%( The switchgear cubicles must be partitioned off and incorporate a busbar

7 "_ ™ individual switch and apparatus chambers. The main busbars are to he
F,f-’-'_ o v 'installed on the rear face, top side of the switchgear cubicle in a lockal
Ok 53 shuttered compartment, :

"~ these busbars. The lower part of the cubicle will house the terminal strips
and connecting blocks, the clamps for the cable terminals and, if required
parallel connection copper straps for the connection of more than 2 cables in
parallel. An adequate number of ball studs must be provided within the

8140A01/FICHT-15702705-v5 FICHTNER B0-168
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switchgear cubicle suitable for earthing the main and distribution busbars as
well as the switchgear itself by means of portable earthing and short
circuiting equipment (to be provided once per switchgear panel row).

The space in the interior of the cubicles must be divided into a Section with
live' parts, 'live' switching elements etc. and a Section with control and
measuring equipment. The Sections are 10 be separated by reinforced sheet-
steel.

Care must be taken that in the event of arcing hot gases will not escape to
the front of the cubicles (the operational side).

Ammeters are to be provided on the cubicle front panel for the cubicle
feeders and the supply outlets for motors higher than 55 kW or motors of
lower rating, but particularly important for the process. A single voltmeter
with 4-position voltmeter changeover switch must be provided for
measurements of busbar voltage between each phase and neutral. Measuring
instruments should, in general, be square in shape.

All cubicles, cabinets, panels, etc. shall be designed for an ambient
temperature of 40 °C (outside the enclosure) in non-air conditioned areas.
Special precautions shall be taken in the design of electronic devices for
protection and control systems housed in the cubicle in order to allow for
these conditions.

Heating elements are to be provided generally in each local cubicle or
cabinet and shall be humidity controlled.

It must be possible to disconnect power supplies to the cabinets by means of
manually operated power circuit-breakers (MCBs).

For easy monitoring and a rapid grasp of the operational state, collared
mimic diagrams with the required switch position indicators, apparatus
symbols and pilot lamps must be provided in every case on main process
cubicles and switchgear cubicles. Lamp test facilities for all signed lamps
connected shall be provided. All cubicles shall be provided with the required

garthing screws.

Plastic-insulated, stranded conductors must be used for wiring within the
e switchgear cabinets, which must be numbered at each end with special tabs

, ¥ ™. sothat change by mistake is impossible.

_+ Preferably plug-in type auxiliary relays are 10 be used. Apparatus being$
/eusitivc to impact must be protected against shock and vibration.

~__~" On completion of hand-over the cubicles must contain at least 5% of
fitted spare terminal capacity and 5% of spare space for the future
installation of extra equipment. It shall be possible to replace indicating
lamps on the front panels of cubicle feeders and motor-supply outlets

8140A01/FICHT-15702705-vh FICHTNER B0-169
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without isolating the equipment concerned. Furthermore the control system
must be designed in such a way that lamps operate at less than their rated
voltage in order 1o avoid their being overheated,

Incoming and outgoing cables have to be fixed by suitable metallic cable
glands.

B0.6.18.15 Local control points and level control cabinets

B0.6.18.15.1 General

Any electrical consumer unit, which is not controlled automatically or from

the central control room, is to be fitted with a suitable local control cabinet.

The local control cabinets are to be installed in the immediate vicinity of the
motor drive to be controlled.

Pump ‘motors, which are level controlled locally, will be given an automatic
and manual control. The respective level control cabinets are to be fitted in
the immediate vicinity of the pump motors, gauge glasses or level
monitoring instruments. )

B0.6.18.15.2 Construction requirements

In general local control cabinets and level control cabinets with plastic
casings resistant to impact, sand, light and water, mounted on walls or hot-
dip galvanized supporting constructions, are to be provided. Hot-dip
galvanized casings will be acceptable.

Protection class must be at least IP 54 if installed indoors and TP 55W if
located outdoors. The necessary earthing terminals must be provided for
earthing purposes. - ;

The cabinets must be equipped with the necessary mini circuit breakers,
fuses, auxiliary relays, power contactors, terminal blocks and cable
attachment components.

For motors with pre-selection control (operation/stand-by) operation hours
counters are to be provided.

In hazardous areas, the uecessasy explosion proof control cabinets and level
control equipment must be provided in accordance with IEC 60079,

IEC 61241 and VDE 0165/170/171. %
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B0.6.18.15.3 Local control points

The local control points are to be equipped as the minimum requirement
with:

= ON button

« OFF button

s Running lamp

FAULT LAMP

TRIP HEALTHY indication
¢+ Lamp test.

When two motors are installed, serving as operation and stand-by unit, then
in addition to a double set of the above items, the following equipment has
to be installed as the minimum requirement:

¢« MOTOR 1 - MOTOR 2 (running motor/stand-by motor) pre-selection
switch,

« automatic transfer to the stand-by motor in case of failure of the running
motor. O £ : '

B0.6.18.15.4 Level controls

In the case of pump motors controlled by levels, in addition 10 the level
control in each case the MANUAL - AUTOMATIC selector switch and the
necessary local points are to be fitted. Control of individual pump motors
must be effected as follows as the minimum requirement:

e MANUAL- AUTOMATIC selector switch

level control with maximum and minimum contacts

low level contact on motor - OFF

bottom maximum contact on motor - ON

top maximum contact as warning to the central control raom

low-low level contact as pump dry-running protection and alarm signal to
the central control room

e local control point with ON and OFF button, running and fault lamp.

% When two pump motors are installed for the same purpose the control is#a
be effected as follows, as a minimum requirement:

/%~ "N MANUAL - AUTOMATIC selector switch 3
" & PUMP ] - PUMP 2 (running pump / stand-by pump) pre-selection sWigh
. level control with three high level contacts: @
\ A first (1): high level contact for pre-selected ON
s « second (2): high level contact for alarm signal to the central control room
e low level contacts for pumps OFF
¢ low-low level contacts as pump dry-running protection and alarm signal

to the central control room ﬂ D G 1 3 4
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= Jocal control and lamps as listed above for local control cabinets, for each
motor

B0.6.18.16 Terminal boxes and terminal cabinets

B0.6.19

B0.6.19.1

B140A01/FICHT-15702705-v5 FICHTNER
BIFPGL/EPC-Main Plant/2018A/

In order to minimize the amount of cables and distribution of signals and to
centralize connections in the Plant, terminal boxes or, wherever necessary,
by larger amounts of terminals, terminal cabinets shall be fitted on all the
necessary

s cable crossover terminal points

e central collecting peints for individual analog and binary signals and
local transmitters

e signal collecting and distribution points for fire alarm, telephone,
loudspeaker and clock system )

e central distribution points for local signals.

Terminal boxes and cabinets must at least have class of protection IP 54 if
installed indoors and IP 55W if installed outdoors and must be equipped
with the necessary terminal strips, cable glands and fittin gs components for
the connection of the cables.

The necessary earthing terminals are to be provided for the earthing of the
boxes and cabinets.

In any area subject to the danger of explosion, the necessary explosion-
protected terminal boxes and cabinets are to be provided in accordance with
IEC 60079 and IEC 61241 and VDE 0165/0170/0171.

Instrumentation and contral equipment

Main desigh criteria

This Section applies to the design of the general Instrumentation and
Control equipment. The following general requirements shall be strictly
observed with regard to design and execution. In the event of contradictions
the Contractor shall be responsible for obtaining written clanification from
the Employer/Engineer.

Reference within this Section does not automatically indicate that the

particular form of instrumentation is required on this project or will be
acceptable for a particular application. The particular requirements for
control and instrumentation shall take prefereg;;in the event of any

disagreement between the two Sections.

1
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Only requirements for technical performance of the equipment are stated
herein, whilst the detailed requirements of the tasks to be performed by the
control systems and the scope of delivery for each individual item of plant is
stated in the relevant Sections of this specification.

This specification does not however relieve the Contractor of his
responsibility for the basic design and execution of the instrumentation and
control system per scope of supply in relevant Sections of this specification.
The rules of good engineering practice and the relevant approved standards
and regulations shall be observed.

A consistent instrumentation and control philosophy shall apply throughout
the Plant and shall be implemented in terms of a range of equipment
exhibiting a minimum diversity of type and manufacture. The objective shall
be to standardize all measurement and control equipment throughout the
Plant in order to rationalize operation, maintenance and reduce spares
holding.

Generally equipment shall be supplied from one composite range of
measurements and control equipment as marketed by & reputable
manufacturer of international standing and shall have & minimum of two
years operational use on similar projects. Where particular equipment is not
included in the products of the manufacturer thus necessitating diversity of
supply, this equipment shall be identified by the Contractor.

The equipment shall be of modern, compact design incorporating the latest
developments in proven technology. All instruments whether for local
indication or remote transmission shall be of good quality and shall have an
accuracy and repeatability appropriate to their duty. All fittings shall use
metric threads.

Measurement and control instruments shall be matched to the main plant
equipment ratings in all aspects. Instrument ranges, installation codes of
practice and precautionary measures for safety of the Plant and the pperating
and maintaining personnel shall be observed.

Special attention shall be paid to the Plant safety. As a general rule,
measuring points and measuring equipment for critical protection shall be
separate from and not combined with measuring equipment for the
automatic control equipment.

The material of all equipment installed in pipes, tanks, etc., shall correspond
to the material of the rclevant pipes, tanks etc, and shall fully meet the
requirements regarding safety and operational conditions of the media to be
measured. All the equipment-shall be suitable for the location in which it is

to be mounted and in particular all outdgpr equipment shall be sultable o=
the prevailing climatic conditions. ( 0 %,
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The diversity of makes and types shall be kept to a minimum. The
Employer/Engineer reserves the right to stipulate make and type following
award of contract.

Any equipment to be installed within potentially explosives atmospheres
shall comply with the requirements of international standards and codes, &.g.
IEC-60079, NEC. 500 etc.

The instrumentation and control equipment shall have high electro-magnetic
and radio frequency interference immunity and shall not be affected by
portable radio transmitters operated in the vicinity of the equipment. Any
limitations shall be stated.

All instruments shall be protected by cases. The cases shall have enclosure
classification not less than 1P 42 according to EN 60529 when rmounted
indoors in totally enclosed rooms with provision for limited ingress of dust,
IP 54 else in a enclosed building and IP 55W for mounting outdoors.

Electronic instruments shall not be located close 1o hot lines, vessels or
other hot equipment. Ambient sun temperatures exceeding 20 °C shall not
result in calibration difficulties or rapid deterioration of electronic
components,

Distributed Digital Control, Monitering and Information System
(DDCMIS)

The Plant will be controlled generally through a DDCMIS. The DDCMIS
contains of process stations, operator workstations, engineering
workstations, archiving facilities and signal exchange to management and
third party systems. In general the DDCMIS will be DCS based hardware
only in some exceptions PLC based systems may be applied.

For detailed technical specification and design requirements please refer to
Section B8 of this technical specification.

Programmable logic controllers

Programmable logic controllers (PLC) shall be deployed in subsidiary
installations and systems of higher complexity and shall provide a more
open access for operation. Standard products of PLC manufacturers shall be
used for which softwar= developed by the process suppliers and proven for
the specialized process is available.

The diversity of makes and types shall be kept to a minimum. The
Employer/Engineer reserves the right to gtipulate make and type following—
award of contract. & 2




