- (vi) NPSHre curve for the pump.
“(vii)  Record of dimensional inspection.
(vili)  Other test data requifed.
4 - Tesl chons and Pcrformanoe Curves
(a) After the pumps and motors havc been tested as requnred in Paragraph 3) .
above, the Contractor shall prepare and submit to the Engincer for approval five
(5) cetified copies of all test reports and perforinance curves, :
{b) No shipment of the pumps and motors shall be altowed until approval of the
' Engineer for the test seports and perfonmnce curves has been given. However
such approval shall in no way relicve the Contractor of the full responsibility for
: fumlshing the equlpment that sh'lll meet all n:qmrements of the Specnﬁcatlons
' The Engineer shall FesErve the rlghl to reject any pump couplcd with motor

assembly which does not meet the performance guarantees as to shaft power,
-+ specified dischargé and pump efficiency and so forth.

'A.2.14 Tests at Site

The equipment supplied and instatled shall be tested at site in accordance with the
_requrrcmems of Clause GS.11.2 in Part-1 General Spccmcallons ‘

The Contractor shall obtain and record in graphical form the pump charactensucs various
dlscharge mcludmg over discharge. .

The documents of test results shail be submitted to thc Engmcer wnhm 30 days after the

completion of the tests. The range of tést condmons and the test settmg shall be approved
by the Engincer. :

A.3 NON RETURN VALVES

A 3.1 ’I‘)pe and Design Condlllons

Each non-return valve shall be of the by- pass system mcorporated slow closmg Lype check
valve, and provided at the outlet pipe side of main pump, fotlowing short pipe and enlarging
pipe with loose flange connection. The desugn conditions thereof shall be as follows :




(1) ”Slzc(mnerdlameler) L : IOOOmm

(2) lmerml pressurc for desngn wde Clausc A2, 3

(a)

(b)

()

Static pressure. : 6,802 kgf.t'cm7Z (HWL 11402 m - EL. 46, 0 )
Maximum working pressure @ 13 kg/em?
Test pressure : 1.5 times the max. working pressure

(3)  Discharge passing through valve : Approximate 3.2 m3fsec

(4) Opéfétiﬁg ﬁlclhf)'d R Self operation by waler pressure

(5) Corrosion atlowance e 2.0 mm

A2 Structure General

Each valve shalt confom1 to the followmg reqmrcments

(1} Each valve shall consist of a valvc body, main valve leaf, shaft, by-pass

(2

system, and other necessary components, and shall be able to operate safely and
satisfactorily under any operatmg conditions, especially under water hammer
phenomena, so as to let the main check valve close fast after starting of back
flow to reduce pressure rise due to water hammenng action, 'md then let the by-
pass valve closc gradually. - :

Each valve shall have cast iron body. The valve shaft shall be made of stainless

- steel or equivalent and shall have ample size to resist the torque during valve

)

operation. The valve seal shall be of rivctal to metal contact and the valve seats

o be furnished on lhe valve body shall be made of Monel melal or equivatcnt

'Bach valve shali be located on the concrete foundation with anchors, coupling to

- "enlargmg pipe and short pipé in 1.0 m diameter by means of flange and loose

@

flange connection. Arichor steengths shall be sufficient enough to resist the load
specified.

The details of structure and operation of the valves not specified herein, will be
left to the Contractor, but subject to the approval of the Engincer..

A.3.3 Gratings at Vaive Hatches*

“The g:aimgs w:th lhear anchomges shall be des:gned and suppl:ed by the Contractor to cover
the valve hatch openings at motor floor EL.50.000. The opening of valve hatch shall be 2 m
by 2 m. The design loads of the grating shail be 500 kgf/m2. The gratings made of mild
~ steel shall be hot dip galvanized in accordance with JIS H 8641 or equivalent so as to have a
thickness of zinc coating of not less than 550 g/m?. The galvanizing shall be not to affect



the mechanical propetties of the treated material, All drilling, punching, cutting and bending
~ of pasts shall be completed and all burrs shall be removed bcfon: galvam?ing

 The Contractor shall supply installmg frames, anchors and othcr ncccssary componems for
" correct installations of gratmgs : -

A4 Accessories .

The folld_wing accégsories shalll be supplied by the Contractor for the non-return valves: .

(1) Six (6) sets of anchor bolts and nuts for valves.
(2)  Other necessary accessorics

A.3.5 Spare Parts

The following spare parts shall be furnished by the Contractor for lhe non- retum valvcs
accordmg to lhe Forms of Schedulcs in Vo]ume—ll ' :

Sy " Two (2) sets of spindles with njaib and by-pass valve ieaf.‘ o
(2) - Three (3) sets of gaskels. o
(3)  Other necessary spare parts recommended by the manufaclure;

A.3.6 Tests at.Contra_c'toi"s Shop

Before shipping of the goods from the Coniractor's shop, an operation test for each valve
shall be performed to prove specificd functions. The tests shall include dimensional
mspechon. pressure test for leaks, operating test and other necessary tests. If any defect or -
improper operations are discovered, they shall be correcled and lhe enure test shall be
repeated.

A.3.7 Tests at Site:

The cquipment supplied and installed shall be tested at site in accordancc wnh the
requirements of Clause GS.11.2 in Part-I1 General Specifications,

The documents of test resulls shall be submitted to the Engineer within 30 days after the
completion of the test. The test condition and selting shall be approvecl by the Engmeer




A.4 GUARD VALVES

A 4.1 I‘)pe and Design Condillons |

'Each guard valve shall be of electncally opcmted butterfly vahe type gu’trd valve, and

provided at the downstream side of the non-return valve. The design conditions thereof

shall be as follows:
(1 Sizé (innef diameter) 11,000 mm
(¥4 -lntemal prcssure for des:gn wde Clause A2 '&

3)
4
(5

(6)

@@  Static pressure 6802 kgfem? (HWL 114.02 - ELAG.0'm)
(b)  Maximum pressure ¢ 13kglem?
() Test pressure : 1.5 times the max. working pressure

Discharge passing through valve Appfoxiﬁlale 3.2 m3fsec

Operation time . Approximate 2 minutes

'L&ﬁkage o | ' ' Max. 100 ce for'tén'(m) minutes under

hydrostatic pressure test

.Corrosion allowance , ©r 2.0mm

A.4.2 Structure General

The valves shall conform 10 the following requirements.

: (1)‘ ‘Th'e‘val'vcs shall be uscd fo;_éhﬂtii ng 6!'_!' water flow _\Qhen starting or stop'pihg

of main pump, along with their inspection and maintenance. No discharge
control by the valves will be considered.

(2) Each valve shall consist of a valve body, valve leaf, shaft, clectrically driven
operating system with manual handle, controls and other necessary
components, and shall have the shaft instatled in horizontal position,

(3) Bach valve shall be of the products suitable for main pump operation, long

working life and valve chamber space, etc. The valve body and valve teaf shall

.-~ be of cast iron or other approved construction, having rubber based seat for

* watertightness. The valves shall be coupled with short pipes and penstocks by
~“means of flange connections. _



{(4) A150mm diameter bypass pipe with hand opcrating'stui{:o valve and .ai'r valve
having ample air opening, shall be provided for each gbard valve. _ ' %

(5) The operating system of the guard valve shall be designed and fabricated 1o be

capable of operating the valve to suit to the pump operation sequence under the

- fully unbalanced head conditions. The electrical source for the motor shall be
 A.C. 220/127 volts, 3-phase, 4-wire and 60 Hz. o

A.4.3 Accessorles

The: following acqessoﬁcs shall be suppli_ed by the Contractor for the guard valves:

(1)
2)
(3)
(4}
{3)
(©

Six (6) sets of anchor bolts and nuts for valves.

Six (6) sets of valve position indicator.

Six (6) sets of limit switches for fully opene_,d and fully closed valve pqsitipns.

Six (6) sets of torque s_witch.

Six (6) lots of removable type steel overpass structure for routine inspection.

" Other necessary accessories. L @

Indicators for above (2) and other requiri’:d shall be furn'i'shed on thé control board of
Subsection E.

A.4.4 Sparc Parfs

The following spare parts shall be furnished by the Contractor for the guard valves,

according to the Forms of Schedules in Volume-Il.

)
e
(3)
@
(5)
©6)

100 % of timit switches.

Two (2) sets of torque switch.

Two (2) 'grease nipplés’ and/or caps of each type and size vsed.
One (1) set of fixed and moving c(mla’ci for relays qﬁd_s‘xvitches,’ctc. IR
One (1) set of seal with clamping and fixing screws and plate for each valve.

Other necessary spare parts recommended by the ma;‘iufacturer. L @



A.4,5 Test at Contractor's Shop

Before shipping of the goods from the Contractor's shop, an operation test for guard valve
shall be performed to prove specified functions, The test shall inctude dimensional
inspection, pressure test for leaks, operating test and other necessary test. If any defect or
improper operations are discovered, they shall be corrected and the entire test shali be
repeated. :

A.4.6 Tests at Sitc_

The equipment supplied and installed shall be tested at site in accordance with the
requirements of Clause GS.11.2 in Part-1 General Specifications.

The documents of test results shall be submitted to the Engineer within 30 days after the
completion of the test. The test condition and setting shall be approved by the Engincer.






SUBSECTION-B

¢ ELECTRIC MOTORS

B.1  GENERAL
. B,l.i' Scope

This Subsection covers the design, manufacture, testing before shipment, transportation to
the Site, installation and erection, commissioning and performance tests at the Site of the
following: :

- Six (6) vertical shaft electric motors directly coupled to the main puinp spéciﬁed
in Subsection-A and all associated equipment.

It is not the intention of these Specifications to specify in complete detail of the various parts
of motors, that are being left to the experience and practice of the Contractor to furnish the
equipment which shall meet in all respects the requirements of the Employer in regard to
performancc rehab:hly and satlsf‘\ctory operanon

~ The deta:ls of the eqmpmem not specified herem will be left to the Conlraclor but subject
- toapproval of the Engmeer

The general arrangement of the motors and the associated equipment shalt be as shown on
the Drawings for Tender, Nos. 3-1-003, 3-1-005 and 3-1-007.

B.2 MOTORS
B.2.1 Type and Raling

The motors to be furnished under this Subsection shall be of totalty-enclosed, self-
ventilating, vertical shaft, three phase wound-rotor type induction motors with water cooled
air coolers and continuous rating of each motor shall be as below:

(1) ~ Voltage - -~ : = 4,160V

(2)  Frequency 60 Hz

(3) Outpui . ;  Notlessthan 2,400 kW

The continuos output of the motor shall be ample to drive pump specified in the
Subsection-A under the rated voltage 5 per cent ﬂltowwnce The Tenderer shan state the
output of the motor in his tender and guamn!ee

Duecllon of motor rotation shall be clockwise when viewed from top looking down on unit.



B.2.2 Speced

* The synchronous speed of motor shall be 600 RPM with 12 poles. The motor shall be _
directly coupled to the pump.

B.2.3 Efficiency and Power Factor

The efficiency and power factor of lhe motor shail be more than 0.95 and 0.85 at ratcd load
a rcspectwcly . : e : .

_]3,2.4 ; In_sulation

The windings of the motors shall be insutated with Class F materials.

“"B,2.5 Temperalure Rise

(1)  The following limits of temperalure rise shall appiy to the wmdmgs of motors when
* operating with the rated output continuously at rated vollage, power facter. and
frequency, with cooling water entering the motor coolers at water lemperature of not

more than 25¢C. -

. Stator - Rotor
Embedded temperature detectors between coils 1000C ' -
Resistance ' 166°C - 1000C

Thermometer : 850C - . J

(2)  The maximum temperature of each bearing shall be less than lhe‘foliowihg values:

~ Method of measure ment ' Tempe rture
* Thermometer Y i ¢ ol
Embedded detectors in melal - ' 65°C
(3)  Temperature conditions at the Site should be t1ken for desngn purpose tobeas
follows: - _
Pl_g_q.: ' o - Maximum - Minimum
Inside motor room AT S XC o 1C
Outside pump station (Shade lcmperalure) '_ MCc - 0

Cooling water S a8 R 2°C




B.2.6 Structural General

The motor design must include all pr'ovnslons necessary (o prevent damage resulting from
125% reverse rotation which may occur in the eveat of back flow at the pump trip-
phenomenon

The type of the thrusl beanng shalt be of kings bcrry lype or olher suitable type to be
approved by the Engineer. _

- The thrust bearmg shall be prowded on lhe motor and the bracket supporung the thrust -
bearing shall support the weight of the rotor assembly of the motor, togeiher with the pump
impetler, shaft and lhe unb1lmoed hydraullc downward thrust actmg on the pump lmpeller
The brush draw-up equnpmcnt at the rated speed shall be provided. | |

Necessary plalform st'urways and handraﬂs Sh’l“ be provnded with thc motor

Adequate provnsxon shall be made for convenient handlmg of all parts during assembly or
disassembly of the motor, and for convenient maintenance and inspection of the motor.

The motor bearing shall be designed to stand well for any load under pattial opening of
guard valve during transition mode in initial purp discharge.

B.2.7 Stator
The stator core shall be built ilp with thin, high-grade, nonaging-silicon-steel laminatiods

" each laminatios coated on both sides after punching with an insulating varnish or other
material to mmmuze eddy current Josses. :

The inside diameter of the stator core shall be large enough so that the impeller of the pump
can bc Id‘ Ied lhrough lhe stator wuh oxcrhead travehng crang.

_ There shall be no pcrcep!lblc buzzmg of laminations durmg operation. The stator frames
shail be provided with lifting lugs suitable for applying slings for lifling the complete stator
by the crane.

- Bothends of the stator winding shall be suitable for termination of lhe power cables.
“Three (3) current transformers, rated at 4.16 kV and 600/5 amp, with ANSI accuracy

classification ClOO for motor differential protection, shfdl be furnished and mounted at the
‘neutral end of the wmdmg inside the housmg '



B.2.8 Rotor and Shaft

“The entire rotor shall be dessgned to safely w:thstand all mechanical stress to be lmposed by
the maximum rotating speed of the motor. : :

Assembly of the rotor and shaft shall be dynanmca!ty balanced for maximum smoothncss of
operation with a minimum of vibration and noise. : : =

Special care shall be taken to prevent the end turns from dcfomnng or sltppmg due to lhe _
centrifugal s[resses on the mtcrconnccuons LI S

The shaft shall bé made of carbon steel. forgmgs or the other alloy stecl forgmgs properly
heat-treated. The shafl shall be of ample size to operate safely in combination with the pump
shaft at any speed without detrimental vibration or distortion.: The external surface of the
shaft shall be accurately and smoothly machmed and polnshed at bearing surfaoes

- The lower cnd of the shaﬂ shall be arrangcd for sunlable dlrect couplmg to lhc pump shaft

B.Z.9 Beé_r_i_ng

The motor shall be provided with thrust and guide bearings of the babbit( type. The thrust
bearing shall be of the self-equalizing type and shall have ample capacity to su ppori the
combined weight of the rotating parts of the motor and pump including the maximum
unbatanced hydraulic thrust of the pump impelier, and shall be capable of operating under
lhc load at any speed -

The guide beanng shall be capabic of w;lhstandmg all strcsscs mcndcnt to- the pump
opcrataon : :

The bearing shall be suitable for dmmantlmg without rcmoval of the niotor.

The bearings shall be fumlshed wnh lubrication oil syslem wnh smtable oﬂ coohng system
maintaining the oil at proper temperature. - The type of oil used shall be of the same
specification for lubrication of the pump bearing. . S _

B.2.10 Motor Coo!irig

shall be made so that all parts of the motor will have effechve conlact wuh lhe air ﬂow The
air cooler shall be of the tube type with finned tubes expanded into corrosion resisting tabe
shects, The tubes of the air cooler shall be of copper or copper alloy. The water supply and
discharge headers shall be furnished with the coolers, and all connections between the
cooters and the headers shall be of the flanged type. A valve shall be provided in the
connection between each cooler and supply header so that any cooler can be readily




disconnected and removed for mamlcnance without mtcrfenng with the operauon of the
-remainlng coolers, : :

~ Provision shall be made for measuring the water lempcratufc at the inlet and outlet of each
cooler and for measuring the temperature difference of the air and water passing through the
coolers to facilitate balancing the cooling system when the motor is operated under load.

The flow (hfotigh each cooler shall be controlled by a valve on the discharge side from the
_coolcrs _

A flow switch shall be prov:dcd in the supply or dlscharge plpe hnc to sensc coolmg water
flow and to provide indication at the control board. : R

" Bach unit cooler shall be fastened directly to the stator framc or to base frame and furnished
wuh a cooler casing. :

'l‘emperature detectors for inlet air and discharge air of coolers shall be provided.

- B.2.11 Mofor Housing
A steel plate housmg sufﬁcnent size to cover the motor shall be furmah\,d for the motor.

The ou131de wal! of the motor housmg shalt bc neatly constructed and sul‘ﬁcnemly rigid to
“prevent objecuonable vibrations.

= -Necessary p!alforms slanrways and handra;lmg shall be prowded for ready access to and for
inspection.

The motor housing shall be constructed for easy inspection and maintenance of the motor
- and its accessories, :

B.2.12 Flywheel Effect

The flywheel effect (GD2) of the rotaling p'ms of the motor and pump shall not be less than
4,240 Kg- m2, .

_': T he Tenderer shall state the ﬂywheel effect in h:s Tendcr

B. 2 13 Liquid Rhcostal

A liquid theostat shall be prowdcd for each pump molor unit to reduce the stating current.



Each liquid rheostat shall be capable of starting for the pump motor.unil three times in a
period of any onc hour. Necessary inter-locking shall be provided to prevent the short-
circuit starting of liquid rheostat when the pump miotor unit is restarted. o

The operation time of the motor from switch-on to full load shall be less than 1 (one)
minote. ' " L o ‘ L

5.3 CONTROL SYSTEM
: B;3;1 .[l)'es“cription 61‘ Pump Opc:raiioﬁ_‘r,._
. The pumps shall bc operated in combination with number of pump ﬁnils and pump operation |
hours_ against the seasonal water requirements. : : S
Each of all following pump conirol shall be performied. . -

n Rem.ote manual Stading and Slopping of Pumps frdm the Control Room

The pumps shall be started and stopped by an operator from the desk typé control
switchboard prp_vided in the control room by remote control.

2y Manual Starting and Stopping of Pumps from Local Control Pénel on Motor Floor

The pumps shall be started and stopped from the local conirol panels provided on the
motor floor. Each individual function shall also be operated by independent control
switches on the control panel by the change-over of selecting switches when
required. _ e

* A control seléctor for the above shall be located on the local control panei on the motor floor.
When the control selcctor positioned to any of them, the other control system shali be
electrically Jocked to prevent trouble caused by misoperation of the pumps.

B.3.2 Operating Sequences for Pumps
{1 Starting Conditions

The pumps shall be started after the following starting conditions are satisfactorily
confirmed. The confirmation of the starting conditions shall be interlocked in the
control system, : o '

(a) Water level in suclion pondage, nbmla!
(b} Guard valve, close e
(c) Starting rheostat, starting position



(d) No other pump under starting action
: (c) Proteclzon relay, no operauon

(2) Starting chuence

The pump start shall be performed accordmg to the followmg s!artmg sequence. The
statting sequences shall be automatic in normal operation and be changeable to
manual opcrahon

(@ Confirm the stacting conditions
(b). Start the pump motor by means of the starting rheostat control, and run up the
. pump motor to normal operation speed
(c) Open the guard valve to full open

(3) Normal Stopping Sequence

The normal pump siop shall be performed accordmg to lhc followmg stoppmg
sequcnce

(a) Closc the guard valve to full close
(b) Stop the purp mo_tor =

(4)  Manual Emergency Pump Stoppmg Sequence

The manual emeigency pump stop shall be pertormed accordmg to the following
sequence.

(2) Stop the pump moter

(b) Close the guard valve, by means of emergency closing ‘operation,
simultancously with the pump moter stop. The operation of emergency pump
stopping dev:ce shall lock out the motor and shall requnre manual resetling
before the pump can be restarted. '

3.3 Control Facilitles chuired
-The Contractor shall supply local control panel complete with nccessary accessories for
controlling motors of the equipment supplied under Subsccuons A, B and Clause E.7 of
Subsection E on EL.50. 0 i floor in the pump station.

D Rcmote Control from lhe Control Room

Necessary facuhues shall be prowdcd by the Contractor for performing ¢ach of the
following conlrol L )



(a) Normal start of pump

(b} Normal stop of pump :
(¢} Manual emergency stop of pump under fauIt condmons
(d) Individual operation of guard valve '

(2)  Direct Control from the Local Control P’emel

Necessary fac:lmcs shall be prowded hy the Conlractor for performing the same
contsol stated in Clause B.3.3 (1) and for performmg each of the followmg control,

@ Tndividual operatiOh of pump
(b) - Individual operation of guard valve

B.3.4 Profection and Alarm

The Coniracl shall mclude in the control system all necessary facdmes for shuttmg down the
operating pumps and giving alarm and indication to the Operator on the occurrence of cach
of the following condition:

(@) Excessive lemperature rise in pump and motor bearings = \
(b) Trouble of starting L @
(c) Excessive tcmpcralure nsc in llqmd rhcostat
(d) Extremely low water level at suction pit
(¢} Excessive high water level at head tank
() Excessive low voltage of clectric power
{g) = Over load of main motor
(h)' - Internal ground fault of motor
(i} Intemnal shost circuit fault of molor .
()  Other protections deemed necessary by the Conlractor .

The Contract shal} also include in the control system all necessary facilities for giving alarm
and indication to the operator on the occurrence of each of the following condition: :

(a) Trouble of guard valve

(b) Low oil level of pump and motor be'tnng 011 lank

©) Suspcnsnon of cooling water supply

(d) Low water level of liquid rheoslat

(e} Low water level at suction pit _ _ _

(N  Highwaterlevel athead tank- - - . . . ..~ ., = . _ _ @
(g) Not designed water level at one-way surge tank ' |



()
)
R\
(k)

Extraordinary pressure of auto strainer
High water level of sump pit -

- Emergency stop (only bell alarm)

Other alarms deemed necessary by the Contractor,

- B.3.5 Melers_an_d Indicalors

The folio:win_'g' meters and indicators ‘shalt be 'provided “on’ the semi-graphic control
switchboard, desk type control switchboard and the local control panel by the Contractor.

@)

(b}
©
(d)
()
M

| w

(i)
®
(k)

Pump start 'in'd'i'catin:g lamps |
Pump running indicating lamps
Pump stop indicating lamps

‘Purp emergency stop indicating famps

Pump start action OK preparation indicaling lamps
Guard valve opencd or closéd indicating lamps
Auxiliary cQuipnient drivér_l 'indicating lamps

Load ampere meters for main motors |
Source pilot light '

Other necessary meters and indicators

'B.4  COOLING WATER SUPPLY FOR PUMP MOTOR UNITS

‘ ]_3.‘4?__1‘ :D'e'scifipiio:i_! L

Each pump-motor unit shait be provided with a cooling water system for supply to and
where necessary, discharge from each item of the equipment requiring cooling water while
- the pump motor unit is operating. ' ‘ ' o

The cooling water shall be supplicd from the discharge penstocks thfough auto-strainer as
~ shown on the Drawings for Tender, No. 3-1-013. The cooling water system shall consist of
- supply and discharge pipes, pressure reducing valve, straincr, valves and other necessary
. components, and shall be designed to facilitate easy asscrbling and dismantling for
maintenance and repair of the system. . . T

The items of the equipment to be supplied by this system shall comprise:

| ()]

- Motor air cooler

Motor bearing coolers



(¢) Pump bearing cooler

(d) Pump shaft gland for water sealing _ S :

(¢) Any other item of the equipment requiring a supply of coolmg water while the
unit is operating. : : :

B.4.2  Gencral Requirements

" The cooling water system shall be dcmgncd and supphed to conform with the foliowmg
requitements. , :

(1}  The Contractor shatl determine the water head size of piping, capacuy of the strainer

and other items required for the coo!mg watcr system subject to lhe approval of the

Engineer.

(2)  The cooling water system to the teducmg valve shali wxlhsland the water pressure of -

13.0 kg/em?.

(3)  The strainer shall be of auto-strainer and shall be dcsngned enough to exclude any
forcign matter to cause danmage or blockmg in any part of the cooling system.
The strainer screen shall be of corrosion fesistant matcnal and |nterchange'1ble
structure,

B.5 MOTOR CONTROL CENTER

A combired motor control center shall be provided for auxlhary equipment such as cooling
water automatic valve, guard valve, rheostat circulating pump, ete. of each pump-motor uhit
group to allow independent operation of each unit group without affecting the drive of the
other. A common control center shall also be provided for the drainage pumps and
automalic strainer. :

The motor control center shall be completely wired and equipped with starters, instroments,
proteciive relays, switches, lamps, etc. and shall be furpished together with cach local
pushbulton switch stand.

The motor control centers shall be comply with thc followmg rcqmremen:s

(1) The enclosure and structural parts shall be specnﬁed in Clausc E. 6 3 and ﬁmshed to
Clause E.6.10. :

(2)  Atleast one spare unit shall be p’rovide’d for each fl"l:l'l](‘: size of mblof cohtrol nit.

{3)  All units in the motor control center shall be complelely accessible and removable

from the front

©



(4)  Disconnecied switches shall be lockable in “OFF" position.-

(5) All equipmient in the power circuit shall be msnhted at 600 volt, The main buscs
shall be rated for 630 A and withstand 25 kA for two seconds under fault condition
‘without mechanical or thermal damage.

(6)  Wiring, phase arrangement and colour codes sha!l be as specnﬂcd in Clause £.6.5,
- E. 6 6 and E.0.7. _

(7) . A grounding bus shall be prdvidcd on the back s:i.de' at ih¢ bottom.

8) Al starters shall be combination type with niold case circuit breakers. The magnetic
starters shall have two temperature compensated overload relays with single phasiog
and undervoltage protection. Al starters shall be supplied with at least one normally
open and one normally closed spare auxiliary contacts. All overload relays shaJi be
manual seset type and ficld adjustable to rated mo!or cunent

(9)  Provision shall be made to allow rush current wuhout tripping of the correspondmg
molded case circuit breaker or to keep starting current sufficiently low.

B.6 ACCESSORIES

The following accessories shall be provided by the _Contraclor for lhe electdic mo_tors_:

(1) All necessary motor base and anchor bolts and nuts for motors and associated
cquipment.

(2)  All nccessary checkered plates, platforms, tadders, guard handrazls for comp!elmg
the floor around the motors and other associated equipment.

{3) All necessary oil level indicators.

(4) - All necessary temperature detectors.

(5) Al necessary cooling water flow switches.

(6)  Anti-condensation heaters for cach motor.

(7  Lubricating oil and grease for two years éonsumplion.

(8) Six sets of secondary short-circuit contactors.

(9)  Six scts of electrolyte circulating pump with dﬁving motor.

(10) Sodium carbonate of liquid theostat for two years consumption,
| (1 l)  One set of proleclwc plastic cover (shock absorber) for the edgc of stator of main

© pump smotor,

(12)  Other necessary accessories.

Indxcators for above item (3), (4), {S) and other required shall bc furmshcd on the control
_ swntchboard of Subsecuon E, :




B.7

The followinig spare parts shall be furnished by the Contractor for the motors, |

¢y

Q) .

&)

4

()

- {6)

1¢))

®
(9)

(10)

. (ll)

(12)
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SPARE PARTS

Two sets of brush slip trings and holders

Two sets of upper and lower gujde bearing metals
Two sets of thrust bearing metals .
Two sets of each type of oil level indicator

Two sets of cach type of temperature detector
Two sets of each lype of cooling water flow swuch

Three sets of packings of each type for cooling water plpe

Two sels of limit switches, float swntches and relays for hqmd rheost'zt

One set of SCCO]‘!d’u')’ sho:t~c1rcu:t contac(or .

One set of ¢lectrolyte cnrcutalmg pump
One set of relays and fuses for each of protecllon system
Other ncccssary spare parts n,commendcd by the manufactuer. -

TESTS

B.8.1 Test at Contractor's Shop

The following testfshaﬂ be performed at the Contractor's shop.

4y
2)
3
0]
(5)

Check of the dimensions

Resistance measurements for stator windings
Insulation resistance test

High voltage test for stator and rotor

Other necessary test required by the Engineer,

B.8.2 Special Test -

- One motor to be shipped ﬁrsl shall be subjcct {o the followmg tesls aﬂer assembly at thc

Conteactor’s shop in accordance with Contract,

)
(2)
-3
“

Nbo toad losses measurement
Lock test -
Temperature rise test

Retardation tests to determine ﬂywheel effect (G Dz) of rotalmg paits

@



(5 Determination of charactedistics.

B.§.3 Test at Site:

The equipment supplied and installed shall be tested at site in accordance with the
requircments of Clause GS.11.2 in Part-1 General Specification, including measurement of
pump starting current and calculation of water head and pump efliciency.

The documents of test results shall be sﬁb_mittcd to the Engincer within 30 days after the
completion of the tests. The range of test conditions and sctting shall be approved by the
Engincer.






SUBSECTION - C

 TRANSFORMERS

C.1  GENERAL
- C.1.1 Sc‘ope'

This Subsection covers the design, manufacture, testing before shipment, transportation to
- the Site, installation and ereclion cornmrssromng and performancc tests at the Site of the

following:

(1)  Two three- phase main transformers wrth no- load tap-changer of 10 000 kVA for
~ stepping down the voltage from 138 kV to 4.16 kV, oil immersed, natural-air
, coolmg, outdoor use type.

(2) One three-phase local service lransformer of 1 000 kVA for stepping up the voltagc
from 4, 16 lcV to 13.8 kV, ol immersed self cooled out-door use type.

(3)  Two three- phase station service transformer of 300 kVA for stcppmg down the

‘voltage from 4.16 kV to 220/127 V, dry molded type to be installed in 4.16 kV
cubicle supphed under Clause E, 4 lO :

C.1.2 Tewmperature Rise
The maximum tempcrarure rise shall not exceed the following value at the rated output.
(1)  For Oil Immersed Type:

' 55°C in oil by thermometer
55°C of winding by resistance thermometer

(2)  For Dry Molded Type of Class B Insulation:

- 80°C of winding by resistance measurement

C.1.,3 . Insulating Oil

Insulating oil shall be of non-shidging and of medium viscosity. The characteristics of oil to
be used shall be equivalent 1o those available in Ecuador.

Main and local service transformess shall be supplied with the first filling of oit and ten
- percent extra oil in sealed nor-retumable drums.
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C.1.4 Frequency

The transformers shall be designed for a frequency of 60 Haz.

C.1.5 Ins_ulation Level

The transformers shall withsiand the following ?oltéges:

(1) ~ 138kVside:- - .- Ful! wave lmpulsc..., cveerse £.2:X 50 micro-second,
R T : . 650kV
Chopped wave :mpulse ..... 750 kV o
Power fi requency ............ 275 kV for one minute
~(2)  Neutral of 138'.kV.J - . Powcr frequcncy _80 kV‘Lfof,one_lniiri.ul«;;
(@) 138KV side: Full wave impulse....'....f.; 1.2 x 50 micro-second,
‘r S o Hoekv o
Chopped wave 1mpulsc. o 130KV
Power frequency ............ 34 kV for one minute
@) 4.16kV side: : Full wéve irﬁbﬁlsé...... l 2% 50 micro- second
-~ (for oil immersed type) o 15kV ‘
' Chopped wave impulse..... 88 kV @
Power frequency ............ 19 kV for one sminute
(5  4.16kVside: “Tull wave impulse........... 1.2 x 50 micra-second,
(for dry molded type) S0kV
. ' " Power frequency ............ 24 XV for one minute

C.2 10,000 KVA TRANSFORMERS .

C.2.1 Type and Ratio

Each transformer shall be of 3-phase, oil immersed, natoral- ait-éooling, outdoor use type
with no-load tap changer and the no-load sated ratio of star-delta connection shall be 138 kV
to 4.16 kV. :

The connection shall be arranged in accordance with vector symbol Yd1 of IEC Publication
76, 1967) and ncutral of star connected winding shall be brought out for grounding.
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C 2.2 0utput

The continuous rated output of each transformer shall be 10,000 kVA at any of t"lpS

C.2.3 Impcdance Voliage

lmpedance vollage shall be less than 9% on the base of 10 000 kVA output on the rated
tapping and shall be guaranteed by the Contractor.

C.2.4 Corc

The transformer cores shall be bullt up of thin Ianunallons of the best quality non-aging
silicon steel.  Lamination shall be coated with an insulaimg matcnal and clamped sccurely
wnth msulated bolts.”

Thc destgn of the core and the melhod of clamping shall be such as to ensure it free from
excessive noise and vibration, The clamping frame-work shall be buiit up of structural steel
;members

““The cores shall be provided with lifting eyes or other approved arrangements (o permi¢ easy
“and ready dismantling, and so desngned that core and wmdmgs can be lifted from the tank
with as little d;smanlllng as possible. : :

To ensure cfficient cooling, each core shall be provided with ol ducts.

Suitable means shall be adopted to prevent circulating current being set up within the core.

' The cores and windings shall be so located within the tank as (o prevent movement.

The cores shall be éledriéhll'y’éonnected to thé_ transformer tank.

C.2.5 Windings and Tusulation

Graded insulation may be applied on 138 kV side windings where the neutral point of 138
kV side will be solidly grounded, but 4.16 kV windings shall be fully insulated.

The windings shail be of high conductivity copper.

* The amount of insulation shall be determined not merely by normal voltage per tum, but also -

" by due consideration of the line voltage and the service conditions, including impulse
phenomena caused by llghlmng strokes on transmission line and surges during swltchmg
and fault conditions. : _



The insulation of the end tums of each winding adjacent to the transformer termimls shall be
reinforced between turns or provrded wrth suﬂable means to proiecl the wmdmg agamst
surges and transients. :

The primary and secondary windings shall be so desagned that they remain clectrically
balanced with their magnetic centers coincident under all conditions of operation. The

windings shall be so arranged and so firmly clamped in position that they will withstaid the _

mechanical stresses to which they might be subject on short crrcurt

Provision shall be made for taking up any confraction due to shrmkage to ellmmate _

movement of any coil due to short circuit, v:branon or other sources of disturbance.

All windings, after being wound, and all fibrous and hygroscopic material used in the
construct of the transformer shall be dried under vacoum and lmpregnaled with hot oil.

- Adequate provrsmn sha!l be madc for lhe crrcu!atlon of the orl round and bclwcen the
windings, so that a very low tcmperalure gradient between the conductors and the oil be
assured and any danger of excessive local heating be eliminated. Spacing btocks shall be
provided between section of the windings to ensure radial circulation of the oil and to ensure
that the windings present a sufficient contact surface {o the oil. ‘

The general design and consiruction of the transformer and the bracmg of the wrndrngs sha!l

‘be such that no mechanical movement of the coil is possible as a result of the dead short
circuit on any side of the transformer. The transformer shall withstand, wrthout nuury. the
dead short circuit for a duration of at least two seconds. C :

C.2.6 Bushing

The bushings for 138 KV side shalt be of oil filled or condenser type, the bUShrngs for 4. 16 _

kV side and 138 kV neuteal shalt be of solid type. The colour of bushing shell shall be
brown and the glazed surface shall be free from bulges, harr line cracks and other defects
The glaze shall be uniform throughou{ the surface. : :

“The terminal of following bushing shall be balted with clamp typc termmal for the followmg
conductors:- S AT

138KV lineside = :  170sq. nm ‘aluminum conductor stecl rcmforced wrre
neutral side 100 sq.mm copper stranded wire - R
4,16 kV srde : 2 x 1C 400 sq.mm CV cablefper phase

The transformer sh1ll be provided with two bushmg current transformers of IOOHA wuh
relay accuracy on each phase, except neutral, of 138 kV.side. In addmon one bushmg
current transformer shatl be provided for lhermal unage type (emperatune mdrcator of 138 kV
winding. . :
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The neutral terminal of 138 kV side shall be connected with 100 sq.mm copper conductor
which shall run down to ground supported by insulators on the transformer tank.

C.2, 7 Tank

Cores and w:ndlngs shall be enclosed and securely held i ina lank made of stout steel plates.

‘The tank shall be of welded construction, suitably stiffencd by means ‘of channel or angle

section welded to the tank, and shall be absolutely water and hot oil tight and suitable for
vacuum drying. It shall be designed so as to permit convenient handling. Necessary lugs
and shackles shall be provided to enable the whole transformer to be lifted bodily by a cranc
or other means; they shall be so located that safe clearance be obtained between the slings
and transformer bushing without use of a spreader. Lo '

The base of transformer shall be prowded with jack steps or recesses to permit the use of

jacks and shali have pulling eyes on all four sides.

The tank cover - shall be designed so that the bushings can be éasily removed and connections
to the windings easily made.

The inside of the tank and all steel connections shall be sand or shot blasted. All mill scale
shall be completely remaved from the outside of the tank before painting. -

Two suitable grounding pads shall be welded to the base of the tank.

C 2 8 Coo!ing Sys(cm

" The (ransformer coolmg system shall consist of radiators of sufficient capacity to prevent

overheating the transforiner when operated continuously at the rated kVA of the transformer.

The radiator shall be divided into several blocks and fitted direcily to the tank of the
transformer. TheSe sha\l be provided wuh radiator valves, lifting eye and necessary

accessoncs

C.2.9 .0il Conservator

The tsansforiner shall be supplied with a conservator of almosphere sealed type with oil
resistant rubber diaphragm fitted with an oil level indicator and a silicagel breather of suitable
size. It must be possible to inspect the silicagel through a glass window or altematcly the
conlamer shall be made of glass. :
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C.2.10 Tap Changer

The transformer shall be capable of operation at his rated ohtpu( wiihbut"inju'ry on any
tapping. :

The no-voltage tap changer shatl be provided on 138 kV side with taps at 5'steps of ‘5 %
~ above and below the rated voltage. The tap changer shall be capable of operating under no-
‘voltage condition from the qutside of transformer at groutid level for easy operation. The
position must be clearly indicated and means of locking shall be provided. - All taps shall be
rated for full output. K e

c.2.11 Surge Absorber

Each teansforier shall be provided with suitable surge absorber at 4.16 kV side, consisting
of condensers and lightning arresters. R S N

C.2.12 Protection

The fo]‘low'ing protection shait be providéd:-

(1)  Buchholtz relay protection. _ _ :
(2) Temperature non-trip alarm. (top oil and winding)
(3)  Oit level non-trip alarm. '

A Buchholiz relay shall be fitted on between the conservator and the tank with alarm and trip
contacts suitable for 125V D.C., and isolating valves shall be inserted on the both sides of
the Buchholiz relay. The Buchholtz relay shalt be ¢quipped with a testing cock and a gas
release cock. ' . '

A dial type indicating thermometer calibrated in centigrade, equipped with alarm contacts
suitable for 125V D.C., shall be supplied for indicating the temperature of top. oil. The
transformer shall be provided with a temperature detector of 100-ohm at 0°C for connection
to 138 kV winding temperature indicator in the control room. '

A temperalure indicator shall be provided for two main transformers for indication on the
main control switchboard specified in Subsection-B. -

C.2.13 Skid Base

‘The transformer shall be provided with skid base, necessary devices for setting, and
approprtate devices for locking on the foundation. o _

B X
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C.2.14 Other Accessorles

The following accessosics shall be provided with the transform‘er:-

(1

)
€
@

)

©)

(7
(8

Combined type oil drain, filtering and sampling valves with screwed cap for the
main tank. The valves shall have termmals svitable for conneclmg the oil purifier,
specified on Clause F.6.

Eip!osion vent.

" Name plate and connection diagrams with fuii details of ratidg in Spanish.'

Mah hole or hand.hole

A ladder on the side of the tank to provide access for safe inspection. The lower

- section of the ladder shall be equipped with a barder and locking device to prevent its

use by unauthonzed pecsons.

Terminal box mounted on the tank containing the terminals for connections of all
alarin contacts and controls, The space below the control housing shall be kept free
of obstructions, which would interfere with conduit connecuons

Clamp type ground connectors, two for cach transformer.

Other necessary accessories.

C.2.15 Sparc Parts-

(1) One set of gaskets.

(2)  Two bursting plates.

(3) - Onedial type thermometer.

(4) One oil level gauge.

(5) - Onesetof spares recommended by the manufacturer

C.2.16 Tests

" The following tests shall be carried out at the Contractor's shop in compliance with this

Specification:-

(1) Ratio {on all 'tappings).
(2)  Polanty and phase relationship. |
(3) Resistance of both windings at each tap.

SO



(4)  No-load current and losses.

- (5) Load losses at ratcd current.
(6) Impedance voliages at mtcd carcent on the lappmg correspondmg fo the

‘service voltage.
(D Highvoltagetest.

(8) * TImpulse tests of full wave and chopped wave.
(9)  Operation test of tap changer.
(10) * Operation test of cooling system.
(1) Current transformes ratio, po!anty and cxcualxon tesi
(12} Auxlhary power inpuf measurement,
(13) Temperaturc rise test

After complelcly assembling iransformer al site thc followmg commnssnonmg test shall be
camed out:- ‘ .

(D | 'ngh vol(agetesl

ln order lo conﬁrm whether main lransformer has any troubles or not followmg

voltage shall be applied:
406 KV Side oo 52KV, 0 minutes | &
138 KV Side wooerrrrnronn 95.6 KV, 10 minites o

(2)  Measurement of insulation resistance

(3)  Polarity and phase relationship

C.3 1,000 kVA TRANSFORMER |

C.3.1 Type and Ratio

The transformer shall be of 3-phase, oil immersed, self—coo_.led, outdoor use type and the no-
load ratio of della-star connection shall be 4.16 kV to 14.5F-13.8R-13.1 kV.

C.3.2 Output

The continuous rated output of the transformer shall be 1,000 kVA on any of the taps.ﬁ |

©



- C.,3.3 Core

 The transforme cores shall be designed as specified in Clause C.2.4,

C.3.4 Impedancc

Impedance at the rated kVA shall be more than 4.5 percem for the purpose of supprcsswn of
short circuit curvent for the secondary fault.

C.3.5 Windings and Insulation

Windings and insulation shall bc desngned as spec:lﬁcd in Clause C.2. 5 cxcept full
insulation shall be applicd on all windings,

C.3.6 Tank

The tank shall be designed as specified in Clause C.2.7, but no provisions shall be
necessary for jack steps or recesses and pulling eyes.

C.3.7 Skid Base

The skid base shall be provided as speéiﬁed in Clausc C.2.13.

-C 3. 8 Radlator aud Oil Conservator

011 conservqlor shall be prowded as specnﬁed in Clause C 29,

C.3.9 Protection

The protection shall be provided as sPeaﬁed in Clause C.2.12, but no winding temperature
are required.



C.3.10 Accessorles

In addition to the above, the following shall be provided for the transformer:-

(1)  Oil valves |
(2)  Name plate and connection diagrams with full details of rating in Spamsh
(3) = Other necessary accessories : . ,

C.3.11 Spare Parts
The following ilems shatl be furnished and quoted as spares:-

N One set of gaskets - .
{2)  One sct of spare recommended by the manufacturer.

C.3,12 Tests

Clause C.2.16 shall be applied, as far as appllcable but rcqum:ments for hlgh volt'\gc at site
shall be 17.25 kV for 10 minutes for 13.8 kV side.

C.4 300 kVA TRANSFORMER

C.4.1 Type and Ratio
The transformer shall be of 3-phase, dry molded type cubiclé-housed; self-cooled; indoor

use and the no-load ratio of delta-star connection shall be 4 37P 4 16R 3 95F kV to 220-
127 V of three phase four-wire systeim. SRR

C.4.2 Output

“ The continuous rated output of the transforner shall be 300 kVA on any of thetaps. -

C.4.3 Impedance

Impedance at the rated kVA shall be miore than 4.5 percent for the purpose of suppressmn of
short circuit current for the secondary fault
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C.4.4 Corc

The transformer cores shall be built up of thin laminations_bf the best quality non-aging
silicon steel. Lamination shall be coated with an insulating and heat resisting material and
clamped sccurely with insutated bolts. ' -

To ensure efficient cooling, each core shall be provided with air ducts, if necessary.

" The other requirements shall be in accordance with the Clause C.2.4 as applicable..

C.4.5 Windings and Insulation
Full insulation shall be applied on all windings.

The windings shall be of high bonduclivily copper and shall be insulated with class B
~materials and shali be molded with an epoxy or polyester resin.

Adequate provision shall be made for the circulation of the air around and between the
windings, so that a very low temperature gradient between the conductors and the air be
assured and any danger of excessive local heating be eliminated. Spacing blocks shall be
provided between sections of the winding or between windings to ensure radical or axial
circulation of the air and ensuré that the windings present a sufficient contact surface to the
air.

The other requirement shall be in accordance with the Clause C.2.5 as applicable.

C.4.6 Base

The transformer shall be provided with flat wheel base. The transformer shall be locked
after positioning in a sheet steel cubicle by means of appropriate devices. '

C.4.7 Accessories

In addition to the above, the following shall be provided for the transformer:-

(1) Dial type thermometer.
(2) Name plate and connection diagrams with full details of rating in Spanish.
(3) - Other necessary accessories. '
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C.4.8 Spare Paris : _ TN

T he fotlowmg item shali be l'umished and quolcd as spares:- -

(1)  Necessary spancs recommendcd by the manufaclurer

C.4.9 Tests

' Clause C.2.16 and C.3.12 shall be applied as far as apphcable but requlremen{s for high
voltage at site shall be 1.5 kV for lO minutes for 220-127 V side,
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SUBSECTION - D

STATIC CONDENSERS'

D.1 GENERAL

D.1.1° Scope

This Subsecuon covers the design, manufacture, testing before shipment, transportation to
- the Site, msiallauon and erection, comm:ssmmng and pcrformance tests at the Slle of the

fol!owmg

Four 800 k\'A static condcnser banks wnh scncs reactors, dlscharge co:ls and other
-_ necessar} acccssones

" D.1.2 Insulation Levels
The static condensers unit shall withstand the following voltages:-

~ Full wave impulse : 1.2 x 50 micro-second, 60 kV
Power frequency ¢ 19 KV for one minutes

D.2 STATIC CONDENSER SET

D.2.1 - Statle Condensers

(I)  Type
Each static condenser shall be outdoor use, oil filled type.
The static condenser shall have suitable mechanical fault detector to protect from any
faults. This detector device is installed on the outside of the condenser case. Upon

~ detection, it opens the circuit to prevent case rupture.
{2) Rating _

Bach static condenser shall have the following ratings:-

(@) - Rated normal voltage ...o.ovveereaenniiians 416 kV
(b) Rated capacity at 4.16 KV .....ccooiniien S§00kKVAR
% S (c) Rated frequency ... S 60 Hz
© (d) Number of phase ...oovievenneenan ian Three phase

DI



3

“4)

(5

() Maximum temperatore rise SRS
ALEMEA VOUAZE +vvvererervreerersrerrenens - 25°C When ambient temp. is 40°C

Connection

The connection of condensers shall be of star lype, and neutral point shall not be .

grounded

Construcnon of Unit

L The mlemal etement of the condenser shall be manufaclured by wmdmg sheets of
kraft paper or mixed film paper as an insulator and thc aluminiom foil as an

electrode

After congregatmg several numbers of these e!ements. the condenser unit shall be
thoroughly dried under high temperature and vacusm condition, and impregnated
with mineral oil of high purity which has been beforchand completely degassed of
harmful impurities not to Ieave any gas in the tank which may cause detcnoranon of
the dielectrics. : ;

Tank

The tank shall be metal case of robust construction and shall be prov:ded with a
suitable 0i! volume adjusting device to meet with the expansion and contraction of the
impregnating oil. -

D.2.2 Secries Reactors

outdoor type three phase series reactors shall be inserted to the neutral side of bank to protect -

the condenser from higher harinonic threats.

The reactor shall have a capacity of 6% of condenser capaeity.

D.2.3 Diseharge Coils .

Outdoor type singte phase discharge c01ls shall be provndcd to dtscharge resndual eharge of
condenset. o

- D2
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D.2.4 Protective Devices

The following protecuve devices shatl be supplicd and mounled on the static’ condcnscr
control panel spcc:ﬁed in Clause E.6.21.(1).

()  Over voltage (alarm).
(2) Under voltage protection.
(3)  Overcurreat protection.

D.2.5 Control Systc_m

The static condenser bank shall be capable to be connected or disconnected (o the 4.16 kV
bus manually and remotely to improve the power factor of the system,

D.2.6 Olhex_‘ Materials

Necessary anchér bolts, nuts, channe} steel base (if necessary), and other items shall be
provided without extra cost.

D.2.7 Spare Parts
The following spare parts shall be furnished by the Contractor for the static condenser.

(1) Necessary spafe parts recommended by the manufacturer.

D.2.8 Tesls

The following tests shall be carried out at the Contractor's shop in compliance with this
Specification:-

{1)  Static condensers

(a} Construction test
(b) Capacity test
(¢) Power frequency withstand voltage test
(d) Condenser loss test
© (¢) Impulse voltage test (Centificate of type test may be acceplable)
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(2)

Series reactors

(a)

b)
()
(d)
(¢}
W
(&)

Construction test _

Insulation resistance measurement

Power frequency withstand vollage test

Winding resistance measurement

Capacity test

Loss lest , S
Impulse voltage test (Cettificate of type test may be acccplabie}

Discharge coils

()

()
©

(d)

(e

Construction test -

Insulation resistance measurement
Power frequency withstand voltage test
Discharge capacity test |

Winding resistance measurement
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SUBSECTION - E

SWITCHGEAR AND CONTROL EQUIPMENT

'E.1  GENERAL

E.1.1 Scope

This Subsection covers the design, manufaciure, tesling before shipment, trarisportation to
the Site, installation and erection, commissioning and performance tests at the Site of the
following: ' ' ' C " '

6] 138 kV switchgear.

(2) 138 kV switchgear.

(3)  4.16 kV switchgear.

(4)  Low tension switchgear.

(5)  Control switchboards.

(6)  Water level and water flow indicators. -

E.1.2 General Arrangement
The schematic diagrams are shown on the Drawings for Tender, Nos. 3-1-015 and 3-1-016.

The 138 kV and 13.8 kV switchgears shall be arranged on the outdoor 138 kV switchyard
and the main transformer yard. The 4.16 kV and low tension switchgears shall be of indoor
cubicle type.

" The control switchboasds shall consist of main control awitchboards, sémi-graphic

supervisory control switchboard and sub-boards. The main contro} switchboards shall be of
vertical duplex type and have mimic diagram of switchgear layout, meters, relays,
indicators, operating and regulating handles and other apparatus. The semi-graphic
supervisory control switchboard for pumping system shall be of vertical self-supporting
cubicle type with separated desk type control switchboard and shall have mimic diagram of
pumping layout, meters, indicators, operating swilches and other apparatus. The sub- -

“boards shatl be of the veriical cubicle type and have no-fuse-breakers, protective relays,

indicating meters, auxitiary relays ete.

"“The following items of c’c’luipinéﬁt and instruments supplicd under other Subseclions are also
‘to be installed on the main and semi-graphic supervisory control switchboards, The

conteactor shall properly mount each item in its designated place and shall provide all wiring
thereof, including terminal blocks. : '
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(1)  For the Semi-graphic Supervisory Conirol Switchboards or the Main Control
Switchboard

(@) Specified underSubscction;A. _

() Six (6) indicators of guard valve opening.
(i) Six (6) pressure gauges for pumps.
(i) -‘ Temperature indicators for 6 units.

- (iv)  Oil Jevel indicators for 6 units.

(b) Specified under Subsection-B.
(i) Oil level indicators for 6 units

(ii) . Temperature indicators for 6 units
(iii) Cooling water flow switches for 6 units

(¢) Specified under Subsection-C.

(i) Two (2) temperatuce indicators for winding of main 'transfor_n)ér"sr

E.1.3 Name Plates and Escutchecon Plates

All duty plates and escutcheon plates shall be in Spanish language...

E.1.4 Electric Supply
Electric wpply for controls drives and llghls shall be as follows -

(1)  220/127-voli, 60 Hz, A.C. three- phase four—w:re systcm from slanon serwce
' transformer through A C panel _ o _

{2) 125-volt, D.C. from storage baltery Ih:ough DC panel

E.1.S Insulating OR

Insulating oil rcqmrcd for the oil filled electrical equipment to be furmshed under this section
shall be non-sludging and of medium viscosity, Contractor shall stated lhe charactensllcs
and standard of the insulating oil in this tcnder Coe e

Sufficient oil for the initial filling plus ten {10) percent extta oil shall be supphed in sealed
non-returmable drums.
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E.1.6 Electrical and Mechanical Design

Switchgear equipment shall be designed electrically to avoid local corona formation and
- discharge likely to cause radio intetference, and shall be designed mechanically to endure
short cifcuit current without thermal and mechanical failure for two (2) seconds. All
cubicles and enclosures shall be verminproof, dustproof and where required weatherproof,
It shall in gencral comply with the requiréments of Clause E.6.3 as applicable.

E.1.7 Instruinents and Meters

All instroments and meters shall be of heavy duty switchboard type. The ind:icati"ﬁg
instruments shall have scales of approximately 240 degrees except where specified
otherwise. : "

:.1.8 Wiring
All switchboard wiring shall in general be PVC insulated unless otherwise required due to

special application. It shall comply with requirements of Clauses E.6.5, B.6.7 and E.6.8 as
applicable.

E.1.9 Indicailng Lights

Red indicating lights shall be used for "ON" position and green lights for "OFF" position.
- For earthing switch for transmission line, white indicating lights shail be used to indicate

that a change int swilch position has been ordered and shall light up with red or green light

~ indicating the switch position before the change. On completion of the change only fed or
green light will stay lit.

E.1.10 Insulation Level

The switchgears shall withstand the following voltages:-

(O 138 kV Impulée .......... evsieies . 12 50 micro-second, 650 kV

: ~ Power frequency ........ 275kV for one minute
2) 138KV ImMpuise .......ceeeeienens 1.2 x 50 micro-second, 110 kV
Power frequency ........ 34 kV for one minute '
3) 416KV Impulse .oocorinnenns 12X 50 micro-second, 60KV
| " Power frequency ........ 19KV for one minute o
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E.1.11 Tests

~The tests to be carried out before shipment at the Conteactor's shop are stated in the relevant
clauses. The commissioning tests and performance test specified in Clause GS.1 1.2 in Pan-

site.

"E.2 138 kV SWITCHGEAR

E.2 1 Circuits and Equipment

'Thc Conlractor shall furmsh the 138 kV swntchgear cqunpment in accordance wuh thc
following requirement.

(1) Four {4} circuit breakers

- One for incoming circuit at Severino 138 kV swilchgea: yard
- ‘Two for main transformer circuits at Severino 138 kV switchfear yard.
- One for outgoing line circuit at Daule Peripa 138 kV switchgear yard. ' .

(2)  Eight (8) 3-pole disconnecting switches

- One for incoming line circuit at Severino 138 KV swnchgear yard '

- Three for outgoing line circuits at Daule Peripa 138 kV switchgear yard
- Two for main transformer circuits at Severino 138 kv swnchgear yard,

- Two for bus circuits at Davle Peripa 138 kV swnchgear ya:d o

(3)  Six {6) current transformers

- Three for incoming line circuits at Severino 138 kV switchgeat yard.
- Three for outgoing line circuit at Daule Peripa 138 kV switchgear yard.”

(4)  Four (4) capacitance potential devices

- Two for Severino 138 kV switchgear yard.
- Two for Daule Peripa 138 kV switchgear yard,.

(5)  Twelve (12) lightning anvesters
- Three for incoming ling cireuit at Severino 138 kV switchgear yard.

- Six for main transformer circuits at Severino main teansformer yard.
- Three for outgoing line circuit at Daule Peripa 138 kV swilchgear yard.

E4
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E22 Circult Breakers

)

@

&)

“

5)

Type

Three- pole, single-throw, high spced outdoor, SI°6 gas type, trip- free in any

position, 60 Hz, complete with piping, conduit, wmng, and any other accessories
needed for operation. _

Ratings
Rated voltage .....ccovvvieiiincinciniinninanneen, ieee- 145KV
Basic impulse level ..... ivesiennes 050KV
Rated continuous current Lol ries 1,250 A
’ Ratedbreakmgcuntnl ..... eviieeieriesaeeionerein 3L KA
Breaking time ... e ismeriresiienns 3 cycles
Operating duty CYCIe vvvveeraereeeeerreeireeces s 0-0.35 sec.-CO-1 min.-CO
Control circuit voltage ............................... 125V D.C.

The circuit brcaker for incoming line circuit shall be capable of making smglc phase
reclosing operation.

Operating Mechanism

The circuit breaker shall be provided with remote electric controts and local manual

“conteols drwcn by pressure oil or compressed air.

Control Cabmet

Control cabmet of the cucml breaker shall be moisture-proof and prowded with
suitable heaters to prevent moisture condensation. The cabinet shall have a blank,
accessible steel door with gasket Thc lead wnres and cablcs shall enter the cabinet
from the bottom. b - -

Accessories .

© The following items shall be provided for ach circuit breaker:-

(a) Name plate.

. {b) " Position indicating lamps.

{c)  10-stage auxiliary swilch.

(@) Oil valve, oil pressure gauge and piping.

{e) Counter to record the frequency of operation.



(N Necessary terminal connections with clamp type terminals,

(g) Grounding terminal(s). ' @
(h) Supporting structure. o o o _ '
(i One set of maintcnance tools.

(j)  Other necessary accessories.

{6) k Spare Pa:ts -

The following parts sha‘l! be supphed -

(&) One (1) set of closing coil.
(b) One (1) set of teipping coil
(c) One(l)setof gaskét of each type.
(d) 300% of actual usc of signal lamps and fuses. :
) One(l) set of small components consisting of comacts coxls. re!ays etc. for
conlrol gear recommended by the manufactures,

(7)  Tests

The following tests shall be carried out at the Contractor's shop.

{a) Construction test.

(b) Power frequency withstand voltage test.

(©) Operanon test, | -
(d) Tempcralure rise test. (Ceruﬁcate of type test may be acceptablc )
(€) Millivolt drop test. (Certificate of type test may be 'icceplable )
(6 Impulse voiltage test.

(g) Ruplunng capacnly test. (Cemﬁmtc of lypc test may be ﬂcceplabte)

E.2.3 'Thrce-po!c Discdnncctl.ng' Swilches

()  Type
Pacumatically remote operated disconnecting swllches shall bc of lhrce-po!e smgle
throw, outdoor, gang-operated, horizontat-break, rotating insulator type. Line side

disconnecting switches for incoming line circuit and outgomg line shall have
manually operated grounding device.

&
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{2)  Ratings:

RAted VOLARE ©vvvrrererenrmineeiiiinireiieenrninnareniiseensenn 145kY
Ratecd cOntinuous CUITENT ivviiiiiviienicenniennsnne, 800 A
" Basic impulse level ......... e ierieiienneraiientaannid viereens 650 ky

(3)  Accessories

The following items shall be provided for each disconnecting switch:-

(a) Name plate.

(b) Pneumalic driving device. :
. (¢} 3-stage auxiliary switch for position indication and mterlock

(d) Hand operating set.

(¢) Necessary tenminal connections with clamp typc tcrnnmls
(D Grounding terminal(s).

(g) Two (2) handles for all disconnecting switches.

(h) Other necessary accessories.

% (4)  Spare Parts
The following items shall be supphed
() 300% of actual use of lamps
(5) Tests:

The following tests shall be carricd out at the Contractor's plant:-

() Construction test.

(b) Operation test,

{¢c) Power frequency withstand voltage test.

(d) Measurement of resistance. _

(¢) Temperature rise test. (Certificate of type test may be acccpiable)
(f) Impulse voltage test. o

(g) - Short-time cuirent test. {Cemﬂcate of Lype test may bc acceplable)
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E.2.4 Current Transformers

H

@

(3)

4

Type

0il immersed, outdoor double core type for measuring instrusnents and protective

relays.

_ Ratings

Highest system voltage .....ivovuees 145KV

Rated burden ...uvveveiivenrnnsiiininnns 40VA
Current ratio ....eveeeunnen. rereneenane 100/5AXx2

~ Accuracy Class ....ivecinioninn  0.0B2 for measuring, C 200 for protection
Overcurrent Strength .oo.ooviviiiiiines 40 times for 1 sec. : '
Accessorics

The following items shall be provided for each current transformez:-

{a) Name plate.

) Oil level gauge or window.,

(c) Oil valves or plugs. ‘ _
(d) Necessary terminal connections with clamp lype tcrmmals
{¢) Grounding terminal.

()  Other necessary accessories.

Tests

The following tests shall be carried out at the Contractor's Plant:-

(@) Construction test.

(b) Ratio and phase error.

{c) Polarity test.

(d) Power frequency withstand voltage test.

{c) Impulse voliage test,

() Opening test of the second‘uy canun

(g) Over voltage inter-turn tests.

(h) Short-time current test. (Certificate of type test may be acceptable )
(i) Temperature rise test, ‘
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E.2.5 Capacitance Potential Devices

)

@

3)

)

Type

‘Single phase, oil-immersed, outdoor type.

Ratings

Primacy voltage ......coceveenes e rerere e bt iaaae 138 kV3
Secondary VOIAEE ....vvvvvierivenirrmiuenesniniminneniins 115 VI3
Rated burden ........... e snesneies 200 VA
ACCUIACY CHASS wevveviimsinrriecenersn oo, creeenes Q0Z class -
Basic impulse level ... ..o tuviecens e 650KV

- Accessories. |

The following items shall be provided for each capacitance potential device:-

(a) Name plate.

(b) Oil level gauge or window,

(c) Oil valves or plugs.

(d) Necessary terminal connections.
(¢} Grounding terminal.

(f) Other necessary accessories.

Tests

The following tests shall be carried out at the Contractor's shop:--

(@) Consteuction test.
(b) " Ratio and phase error tes!.
(¢) Polarity test.

(d)  Power frequency withstand vo!tage test.

(¢) Impulse voitage test. _
(0 Induced voltage withstand test. (transformer only)
(g) Temperature rise test,
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E.2.6 Lightning Arresters

(H

(2)

(3)

C))

Type
QOutdoor type.
‘Ratings
Rated voltage ..... RSO b1} '
Normal discharge current ..... 10kA
“Impulse withstand volage .........ouvveenieenns v 550kV
Min, power frequency sparkover vollage «.ooovuvriieninee 168 kv
Impulse sparkover voltage (100%) .....coccveviiverernen 282KV (peak) |
Maximum discharge vOUage ......cccooieniiniiaiinn 309 kV (peak) at I0KA -
Accessories:

The following accessories shall be pfovided for each lightning arrester:-

(a) Name plate.

(b) Operation frequency counter.

(c) Discharge current recorder.

(d) Necessary terminal connections with clamp type temunals S
{e) Other necessary accessories. '

“Tests

The following tests shall be carried out at the Contractor's shopi-

(a} Construction test.
(b) Power frequency sparkover vollage test.
() Impulse sparkover voltage tests.

(d) Insulation resistance measurement.

(e) Leakage curcenttest,
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E.J 13.8 kV SWITCHGEAR

E.3.1 Circuits and .Equlpment

The Contractor shall furnish and install a self-supporting outdoor type metal-enclosed
cubicle assembly for the local service feeder circuits to be located on the main transformer
yaed. '

._ The following equipment shall be mounted inside the cubicles:-

(1) One (l)'sé_l of 3-phase b_'us.

(2)  Two (2) circuit breakers for 13.8 kV fecders.

(3)  Six (6) current transformers for 13.8 kV feeders.

(4) " Two (2) zero-phase curreil transformers for 13.8 kV fecders

(5) One (1) ground potential transformer.
{6) Other necessary accessories.

_The following equipment to be installed on the ground shall also be provided.

(1) One (l) set of neutral grounding resistor

E, 3 2  Three- phase Bus

Three- phase copper bus shall be of 600 amp and be insulated at 13.8 kV and basic impulse
level 95 kV. The bus shali withstand 25 kA current for one second under fault conditions
without mcchamcal and thermal failure, : |

Ot or compound filled bus will not be acceptable. All bolted joints shall be silver plated.
The bus bar supports shall be of non- -hygroscopic, flame retardant, crack resistant material.

E.3.3 Circuit Breakers

() Type
‘Three-pole, single throw, draw out, vacuum or minimum oil type, trip free in any
position with anupumpmg feature, 60-Hz, complete with conduit, wiring, and any
other accessories needed for operation.

(2)  Ratings - '

Rated voltage et eeer et e earaens everranes 1skv
Basicimpulselevel ....ooviiiiiiiiin, 95 kv
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3)

)

&)

(6)

@

(3)

%

Rated continuous currcnt vreevereersersrenieenriis GO0 A

Rated breaking current ....ocovuvees eerrreretreris 25 kA . &
Breaking tiME .vviuvrcrieersssessersnsanecssnnine - 3 CYClES S P
Operating duty cyele .oovvveriiicniincnse. vereress 0-1 min, -CO-3 min, -CO
- Control circuit voltagc eriiedeieaiesandernsraiverans 125VDC..
Operatmg Mechamsm

The circuit breaker shall be prowded wﬂh remotc elecmc con!rols and local manual -
controls and shall be of 125 V D.C. motor-operated spring charge type.

Other Requiremcﬁt

Other requlremems such as accessories and tests shall be in accordance w1th thc
Clause E.2.2 as applicable.

Aﬁxiliary Switches
Breaker auxiliafy switches shall have sufficient contacts for all controls and .

interlocks plus two sets of space conlacts one for normally open and the olher one
for normally closed. : -

Control Supply Protection

Fuses and knife switches or molded case circuit breakers shall be’ prov1ded in the

- D.C. supply to each unit of the swilchgear.

Wiring

Secondary wiring in high voltage compartmennt shall be prolected as far as praclical _
with grounded nietal covers, conduit or sheath '

Spares

(@ One (1) set of moving and fixed contacts for 3- phase of cach rating.
(b) One (1) set of closing coil.

(c) One (1) sct of tripping coil. _

(d)  Onc (1) set of spares recommended by the manufacturer, |

Tests |

Applicable tests listed in Clause E2.2 (7) shall be conducted at the Contractor's
shop.

©
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E.3.4 Current Transformers

1y

(2)

3)

Type

Dry moulded type for measuring instruments and protective relays.

Ratings
Highest system voltage ............ SURRTOIN [ 1%
Rated burden ...l i pererecaniens 15VA
CUITSRE TALIO +uvnvvive i iviieenraansrseiscrsiessensonans 2xS0I5A
Accuracy €lass ..o, - 0.6B 0.5 for measuring
_ C 100 for protection
~ Overcurrent strength ..o aihveiednanas 40 times for 1 sec.
Tests

Applicable tests listed in Clause E.2.4 (4) shall be conducted at the Contractor's
shop. '

E.3.5 Zcro-phase Curreat Transformers

)

2)

3y

~ Applicable tests similar with Clause E.3.4 (3) shall be conducted at the Conteactor’s

Type

Dry moulded, penctration type for cable with testing lead wire for protective relay.

Ratings

-~ Highest 'systcm' vollage ...ccooviiien P s I5kV
Rated bUrden <....vevierieeenencniciinenennones 0.5 0hm
Rated primary curment ..........occeuennns s SOA
Zero phase current £atio ...vevieer i, 200/1.5 mA
Accuracy class ... e areerar e ienaare ey C 100
Test

shop.
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E.3.6 Poténtlal Transformer

(1

(2)

(3

Type

Three-phase, dry moulded type. -

Ratings

INSUIAION CIASS .vvv/vviiveriesereerearseens verereeees --1‘5 kv
PAMAry VOHAZE ...iiivivsirmivernseieenionnennees 13.8kV
“Secondary voltage SR IO CRPPIIS 153V, .
Tertiary VOIAEE ..oiivenirvrerncenrereienns SURONON 153 V
Rated burden: ' :

75 VA (for secondary winding)
25 VA (for tertiary winding)
Accuracy class: _
0.6 Y class (for secondary winding) . -
0.6 X (for tentiary winding)

Tests

Applicable test iisted in Clause E. 2. 5 4) shall be conducted at the manufacturers
shop.

E.3.7 Neutral Grounding Resistor

)

(2)

3

Type

Cast iron, grid resistor, completc with suppomng msuhtor bushmgs and other
necessary accessories housed in outdoor cubicle.

Ratings

Ratcd VOUAZE +vvvervecrreneecrnennens vtieeeeeerons 13.8/43 kV |
Rated current ........ e rerereserersacerestreerensinnen 50 amp.

Rated resistance ..o.o.ivvpmeeenaisiinnn verenniees 139 0hm

Time rating ........... it erens 10 sec.

Maximum (Emperature rise .cvcreereeeeceeens 760°C

Accessories

The following items shall be provided for the neutral grounding resistance.
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@ ' (a) Nanme plate.
(b) Necessary terminal connection.
(c) Grounding terminal(s).
(d) Other necessary accessorics.

) Tests

The following test shatl be carried out at the Contractor's shop:-

(a) Withstand voltage test.
(b) Measurement of resistance.

E.3.8 Cubicles and Terminatlons '

The cubicles shall have the suitable cable terminal compariments for cross—lmked
polyethylene insulated, shielded, polyviny! chloride sheathed power cable stated below:-

35 sq.mm three-core for local service transformer and 13.8 kV feeder circuits.

The following test shall be carried ot on cubicle assembly at the Contractor's
shops:-

(8) [Inspection of cons!rucuon

(b) High voltage test. _

(c) Measurement of insulation resistance,
(d) Checking of sequence and wiring.

E.4  4.16 kV SWITCHGEAR

E.4.1 - Circolts and Equipment -

The Contractor shall furnish and install a self-supporting indoor type metal-enclosed cubicle
assembly for each motor circuit, main transformer, tocal service transformer, station service
transformer, static condenscr and bus tie circuits to be located on the floor of high tension

switchgear room. -

- The following équipment shall be mounted inside the cubicles:-
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(1) One (1) set of 3-phase buses.
(2)  Ten (10) circuit breakers
- Twao for main transformer circuits.

- Six for pump motor circuils.
- Two for static condenser circuits.

(3)  Four (4) load break switches

- Two for local transformer circuits
- Two for station service transformer sircuits

4y Twelve (12) power fuses

- Six (6) for local transformer circuits _
- Six (6) for station service transformer circuits

(5)  Bighty-four (84) cusrent transformers

Twelve for main transformer circuits.

Filly-four for main motor circuits. :

Six for static condenser circuits. . | | @
Six for local transformer circuits. ' 4
Six for station service transformer circuits,

(6)  Six (6) zero-phase current transformes for main motors.
)] Four (4) ground potential tcansformers. - - -
(8)  One (1) disconnecting switch for bus connection between the group of eubicle. -

(9)  One (1) set of 3-phase metal-enctosed buses for connection between ihe group of
cubicle, SR R

(10) Two (2) cubicles for station service transformers supplied under Clause C4.. -
(1D Other necessary accessories.
The following equipment shall be installed on the outdoor main trans former .)-rard:- |

(1)  Four (4) 3-pole, outdoor use disconnecting switches for static condenset circuits,
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£.4.2

Three-phase Bus

Three-phasc copper buses shall be of 2,000 amp. for main cucun and 600 map for main
motor, local servicé transformer, station service transformer and static condenser circuits,
and be insulated at 4.16 kV and basic impulse level 60 kV.- The bus shall withstand 25 kA
current for one second under fault conditions without mechanical and therma! failure. Oit or
compound filled bus will not be acceptable. All bolted joints shall be sitver plated. The bus
bar supports sha!l be non- hygroscopic flame retardant, crack resxstant matenal

E.4.3 . Circuit Breakers

(D

Q)

3

@

(3

Type

Three-pole, single throw, draw out, vacuum or minimum oil type, trip frec in any
position with anupumpmg feature, 60-Hz, complete with conduit, wiring, and any
other accessories needed for opcranon

Ratings
Rated vollage .. .vieueeerinrairins e verecas oo 476KV
Basic impulse level .o...covvvviriiinniinnininnn... 60kV’
Rated continuous CUTrEnt ... 1,600 A for main transformer
circuits
GO0 A for other circuits
Raled breaking curzent e eeean e a——aaraeraees 25kA
Breaking time ......ccvveenirecnniniisiorecaenns 5 cycles
- Operating uLY CYCHE L. .vvtiviieee e .. 0-1 min-CO-3 min.-CO’
Control circtit voltage «...vvevevvvrrenieeerneansee 125V DG
Operating Mechanism

The circuit breaker shalt be provided with remote electric and local manual controls
and shall be of 125 V D.C. moltor-operated spring charge type.

Olhér Réqu'ireli'n’eht' N

Other requsrements such as accessorics and tests shall be in 1ccordancc with the

- C!ause E.2.2 as applicable.

AuxllsalySwuchcs -
Breaker auxiliary switches shall have sufficient contacts for ail controls and

interlocks plus two sets of spare contacis, one normally open and one normally
closcd
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©)

Control Supply Protecuon | | S 8

Fuses and kmfc swn!ches or molded case clrcu:t breakers shall be provnded m the

- D.C. supply to cach unit of the swntchgear

1)

(8)

' Wmng

Secondary wiring in hlgh volhgc compaﬂmems shal! be protected as far as pracucal
with grounded metal covers, conduit or sheath. :

Spares

(@) One{(l)setof movmg and fixed contacts for 3- phases of each ranng

~ (b)  On (1)set of closing coit.
" ()’ One (1) st of tripping coil.

®

E.4.4

)

2)

3)

(d) - Other necessary spares recommended by the manul‘aclurer
Tests

Applicable tests listed i in Clause E.2.2 (7) shall be conducaed at the Contractor’s
shop. S R

Load Break Swi_tch.

Type

Mechanically hand operated, three-pole, single- throw mdoor. gang operatcd
vertical-break type.

Ratings

Rated voltage ........ Vreierieranseeneres Crarreenrres 476kV-

Rated current ........... e b e se e s v BO0A

Rated breaking CUtrent .......cerveereeeeeneeierese 600 A for load current
: : 10 A for exciting current

Accessory

'The following items shall be provided for the load break_o_witc_hl.___ L

() Ordeslamp. =
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- (c) 3-stage auxiliary switch.
® (&) Hand operated set.
{e) Necessary terminal connection.
(f) Grounding terminal(s).
(g} Onchandle
(h) - Other necessary accessories.

(4)  Spare Pars
 300% of ordering tamps.
(5)  Tests

The tests shall be in accordance with the Clause E.2.4.

E.4.5 Power Fuses
(1)  Type
Hook stick operated, single-pole, single-throw, indoor type.

(2) Ratings

Rated vOllage ...ovvevvrniirenireniiiiiiiine. .. 476kV
Rated cureent .....covvivrivinnenniiin, ceranns 64-160A
Rated interrupting capacity ...o.vevionnninnnns .. 200MVA

(3)  Accessory
The following item shall be provided for all power fuscs:;
- One insulated hook stick. |
{4) Spare p'am
300% of fuse elements.
© Tests
The following tests shall be carricd out at lhq Contractor's shop:-

“(a) ~ Construction test - _
(b)  Withstand vollage test
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{c) Operation test
(d) Fusing test (sample test)
(e) Insulation resistance test

E.4.6 Current Transformers
M Type
Dry type for measuring instruments and protective relays.

(2)  Ratings

~ Highest system voltdge ..iveiviiiiivciin. ~4160KV 1.
 Rated burden .......evevvennnns evrvrnneneieeniaenes ASVA
Current ratio: '

- 2,000/5 A_for nain transformer circuits.

- 600/5 A for main motor circuils.

- 200/5 A for static condenser cireuils.

- 200/5 A for lota! teansformer circuits. -

- 100/5 A for station service transformer circuits. .

Accuracy class

- 0.6B 0.5 for measucing.
- C 100 for protection. -

Overcurrent steength: for | sec.
- 40 times for main transformer circuit.
- 75 times for main molor circuits. _
- 150 times for local service transformer, station service transformer
and static condenser circuits.

{3 Tests

Applicable tests listed in Clause B.2.4 (4) shall be conducled at the Contractor's
shop. ; _ o v
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£.4.7 Zero-phase Current Transformers

(1y - Type
Dry moutded, penelration type for cable with testing lead wire for protective relay.
(2) | Ratihgs

H.ighés.t'sy‘stem .vollager_........,................_.:._... 476kV

- Rated burden ... aeebedie e iveien 0.5 ohm
Rated primary curtent ooieeeiinnenniiiinn. 400 A for main motor circuits
Zero phase CUrrent ratio .....vveeeviireeeeeens e 200/1.5 mA
Accuracy class ... ferrereeesietarersarerinas C 100
(3) - Test |

applicable tests simitar with Clause E.4.6 (3) shall be conducl_ed at the Contractor's
shop.

E.4.8 Ground Potential transformers
(1) Type
Three phase, dry inoulded type.

(2)  Ratings

Insulation €lass ....ovviiiiiiiiiiiiiiiirie S0kV
PAMALY VOMAEE wveerrerieirereneeeiicneenninninnns . 4.16kV
Secondary VOIAZE .vvvvevneererenneceesruinerninies L sV
Teriary VOMAZE .oooceviiivioirivrirsrniimnonnsas 11543 V
Rated burden: o

- 15 VA for secondary winding

- 25 VA for tediary winding
Accuracy class

- 0.6 Y for secondary winding

- 0.6 X for tertiary winding

(3) | Tests -

_Applicable test listed in Clause B.2;5 (4) shall be conducted at the Conteactor's shop.
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E.4.9 Three-pole "I}isconnecting Switches

1) -

)

(3)

4

Type.

(8)  For static condenser circuits
The disconnecting switches shall be of 125 V D.C. motor opcrated three-
pole, smgle -thirow, outdoor, gang-operated,  horizontal-break, rotating

insulator type, and be of electrically remote controlled motor-driven type and
- be locally manual operated type. .

(b) For bus connecuon circuit

The disconnecting swnch shall be of 125V D C. motor operated three—pole,
single throw, indoor, gang-operated type and be locally manual operated

type. |
Ratings:
Rated voltage .......ocovviveivinnnnnn. veiee . 476KV
Rated CUITENE oveeiveintiiieriieiinienenss - 600 A for stali¢ condenser circuits
1,600 A for bus conneclion circuit
Acccssory

The following iteis shall be provided for cach dtsconnecung swntch

(a) Name plate. -

(b) Motor operating device.

(c) 3-stage avxiliary switch.

(d) Hand operated set.

(e} Necessary terminal connection.
() Grounding terminal(s).

(g) One handle.

(h) Other necessary accessorics.

Tests

The tests shall be in accordance with the Clause E2.3.

E-22




E.4.10 Cubicles and Terminations

" The cubicles shall have the suitable cable terminal compartments for the cross linked
polyethylene insulated, shiclded, polyvinyl chloride sheathed power cables stated below:-

- 2 x 400 sq.mm single core per each phase for main transformer circuit.

- 300 sq.mm three core for pump motor circuils,

- 50 sq.mm three core for local transformer, station service transformer
and slatic condenser circuils. ' '

The power cables shall be furnished under Subsection-G. Suitable means shall be provided
for supporting the terminals and cable. The cubicles shall be provided with access doors (o
“facilitate inspection of the equipment. The door shall be provided with dust proof and
‘verminproof gaskets, suitable handles, latches and flush locks, and shall be complete with
© necessary wiring, terminal blocks, ground bus and terminals, indicating lamps, handles and
other accessories. Space heaters suitable for operation at 127 V or 220 V A.C. shall be
provided inside (he cubicles to minimize moisture condensation. ‘A manual switch to conteol
the heaters shalt be provided on the cubicle.

The test specified in Clause E.3.8 shall be conducted at the Contractor’s shop.

E.4.11 ’I"hrée-phase Metal-enclosed Buses
(1) = Type

: Metal-enclosed, segregated 3-phase, copper bus, indoor type, complete with
- necessary accessories, - o ' :

(2) Ratings

Rated voltage ............ JEOTRUR s 476 kV
Basic impulse level ...ooooviivii 60 kv
C RALCA CUMTENE ..\ ooveiiviraniirrerererteasesaernonnnans 2,000 A
" Short circuit withstand current Lot . 25KkA for I sec.
(3)  Test

The following test shall be carricd out at the Contractor's shop:-

(a) Withstand voltage test. |
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E.5 LOW TENSION SWITCHGEAR

E.S. l Clrcuits and Equipmenl

The Contractor shall furnish a self- supporlmg lype metat enclosed cubxcle assembly for low
tension switchgear for 300 kVA station service transformer secondary circuits.

The cubicle ghall be installed in the tow tension si#itchgéar room.
The following e(';uipmem shall be mounted in the cubicles:» - |

(i) ' One (l)scl of 3-phase 4-wire bus, |

{2) even (7) air circuit breakers

3y Two(2) mould case circuit breakers
(4)  Nine (9) current transformers.

(5)  Two (2) potential transformers.

E.5.2 Three-phase Bus

Three-phase, four copper bus shall be of 1,000 amp and be msulalcd at 600 V. The bus

shall withstand 25 kA cuerent for one second under fault condmons without mechamcal and - %}
thermal failure.

The neutral bus shall be grounded inside the cubicle in one point.

Oll or compound filled bus will not be acceptable. All bolted jomls shalt be silver plated.
The bus supports shall be of non-hygroscopic, flame retardant, crack resistant nntenal

E.5.3 Air Circuit Breakers

(1) Type

Three-pole, smg!c ihrow draw-out type, trip-free in any posmon, wnh anllpumpmg
feature, 60 Hz complete with controls and wirings and other accessories needed for

operation.
(2) Ratings
Rated vollage .....ovvvveenrnvanene SO TRREIN i ¢4 AY
Rated continuous current: _
1,000 A for station service transformer circuit. - - _ %\)

630 A for diesel generator and bus section circuits.
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4)

Rated breaking curtent ....vvevevniie v 25kA |
Control Circuit VOIAZE «.ivevveerirrnreiriereennenes 125 VDG

Operating Mechanism

The circuit breakers shall be controlted locally by manuat control. The circuit
breaker shall open automatically in cases of overcurrent and undervoltage.

“Tests

Applicable tests listed in Clause E.2.2 (7) shall be conducted at the Contsactor's
shop. - _ ‘

E.5.4 Mould Case Circuit Breéker

The moulded case circuit breaker shall be of three -pole, 600 volts. - The fated frame current
shall be 225 AF. The rated breaking current shall be 25 KA.

E.5.5 Current Transformers

{1

2

3 .

‘Type

Dry inoulded type for measuring instruments.

Ratings’

- Highest system voltage ........cooivvmnenne. 220V
Rated burden ...........0...... Cherrrerdenenisasioraied 22.8VA -
Current 1ato ..vivveiereeienn SOORPROPPRPUPPRRY 1,000/5 A
'Adcuracy €lass iiiecidiieineenis 0.6B 0.9
Overcurrent strength ..o, 40 times for I sec.
Tesls. '

Applicable tests listed in Clause E.2.4 (4) shall be conducted at the Contractor's
shop. : _
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E.5.6 Potential 'i‘ira_nsf'ormers-
()  Type
Single-phase, dry molded type.

(2)  Ratings

Priniary vOlIAZe ..cvvevviinrioviiineeneriinincnn, W 220V

“Secondary VOIAZE iu...iveiisiiirienniennenidininind F20V0

Rated BUrden ......ecooviviveiiisieesnnnecsenineenes 25 VA

Accuracy Class ..o 06 X
(3)  Tests

Applicable tests listed i in Clause B.2.5 (4) shall be conducted at the Comractors |
shop. : .

E.5.7 Cubicles and Terminations

The following apparatuses shall be mounted on the front side of the low tension switchgear
cubicles:-

- One (1) voltmeter with _seleclor switch.
- Two (2) ammeter with selector switch

The cubicles shall have the suitable cable tcrmiﬁal"comp‘arthients for cross-linked
polyethylene insulated polyvinyl chloride sheathed power cables stated below:-

- 600 sq.mm three-core and 100 sq.mm one-core for station service transformer
circuits, : 3

- 300 sq.mm three-core and 100 sq.mm-one care for diesel gcnerator 'md olher_
circuit except that D.C. circuit is only 300 sgamm 3 -Core.

The power cables shall be furnished under Subsection-G. Smlable means shall be provided
for supporting the terminal and cable. Other requirements shall be in accordance with the
Clause E.3.8. The secondary circuits of instrument transformers shall be brought out to the .
terminal blocks for the connection of control cables to the ineasunng instruments on the
main control switchboards.

The test spcciﬁcd in Clause E.3.8 shall be conducted at the Contractor’s shop.
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E.5.8 Spare Parts

(D)  One(1)set of fixed and moving contacts of circuit breakers of each rating.
(2) One (1) set of closing coil of c;rcuu brc,akcr. -

"~ (3)  One(1)set of tripping conl of circuit breaker.

(4)  One (1) set of gaskets of cm:ult breaker.

(S)_ o 300% of indicating hmps

(6) -200% of conlrol and other fuses.

(7 One(l)set of other sparas recommended by the mzmufacmrer

E.6 . CONTROL SWITCHBOARDS

E.6.1 . General -

The major items of control switchboards and appurtenant equipment to be supplied are as
follows:- ' '

For Severino Pumping Stalion

(1)  Seven (?} panel of main conlrol switchboards, duplex type.
(2)  One (1) set of semi-graphic supervisory control switchboar_d. _
-3y T hree (3) panel of sub-control switchboards.

(4)  One (1) panet of battery charger panel.

- (5)  One(1)panel of repaii' shop panel.

For Daule Peripa Power Station

(6)  One (1) panel of main control switchboard, duplex.

For Both Station -

(7)  One (1) lot of accessories and spare pasts for switchboards.
The control switchboards shall be furnished complete with instruments, meters,
control_ switches, annunciators, proteclion relays, test blocks, terminal blocks,
wiring and other miscellancous devices as indicated in the specification or on the
drawings. The switchboards shall include all required auxiliary and accessory

devices, such as auvxiliary current and potential transformers, protective devices,
fuses, and resistors, whether or not expressly specificd or indicated on the
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drawings. All instrument scales, coils, relay, contacts and similar features shall be
suitable for the apparatus controlled or the purpose intended.

Equipment details are given under Clause E.6.21.

E.6.2 'Conlrol,.Mcterlng and Rclaying Re'qmre‘m'em_ '
()  Control

Operation of the pump and motor units shall be remote manuat from the control room
_ with provision for manual control for adjustment purpose or use¢ in an energency.

Starting and stopping shall include liguid resistors, guard valves and other auxiliary
‘equipment and devices. Interlocks as required shall be provided to preveat

maloperation in starting. C ' o

(2)  Metering

Instruments shall be provided on each control switchboard to indicate the following.:

138 kV transmission line:
(a) Line current.

(b) kW power reccived.
{c) 138 kV line voltage.
(d) System frequency.
(¢) kWh energy. .
(H kVarmeter

(g) Power factor meter.

4.16 KV circuits:
() Main transformer current, _
() Main transformer kW output,
(c) Power factor.
(d) 4.16 kV bus voltage.
(¢} 4.16 kV bus ground voltage.
(f). Static condenser line current.
() Pump molor line curvent. . N
(k) Pump motor kW input. -
i) Maiﬁ motor kWh energy. _
(§)  Local transformer ling current. o
(k) Station service transformer ling current.
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13.8 kV circuits:

(a) 13.8 kV bus vollage.

(b) 133 kV ground voltage.
(c) 138 kV feeder current.
(d) 13.8kV feeder kW ocutput.

(¢) 13.8kV feeder kWh energy.

Low tension circuit:
(a) Station service transfornir current.

() 2207127 V bus vollage.

Re]aying._ _

Relaying paneh_ shall be provided for each machine and equipment incorporating the
following protective and alarm features, but the Contractor shall ensure that the
protective and alarm schemes are in every way suitable for machines and method of
starting. '

Protection for pump-motor units:

Emergency stop by manual control switch energizing an independent trip relay to
shutdown in case of the normal trip rclay faiture shall be line breaker tripped and

- guard valve closed.

simultancously.

(i) Differential protection on the motor.
(i) Overcurrent protectlon on the motor.
(iit) Ground fault protection on the molor. -

(iv) Bearing temperature, extremely high (2nd stage).
(v) Other necessary protection. ‘

Protection for main transformer:

© (i) - Differential protection on the main transformer. .
(i) Overcurrent protection on the main teansformer.
@iii)) Buchholtz relay operating (2nd s!agc)
(iv) Other necessary protection, '

. Protection for local transformer: 7

(i) Overcurrent protection on the local transformier.
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(ii) Buchholtz relay operating (2nd stage).
Protection for static condenser:

(i) Overcurrent protection on the static condenser.
(ii) Mechanical fault detector. '

Protection for 4.16 kV circuit:

(i) Undervoltage protection.
{ii) Overvoltage protection.
(iii) Ground protechon on4.16 k\’ bus secuon

Protection for 138 kV t_ransmissmn ime: _

. (i) Distance protection both phase and carth faults |
- (ii) - Overcarrent protection:” :
(iii) Under voltage protection

Protection for 13.8 kV circuits:

(i) Overcurrent protection on the 13.8 kV feeders.

@ii) Ground fault protection on the 13.8 kV circuit,
(iii) Directional ground fault protection on the 13.8 kV feeders.
(iv) Undervoltage protection on the 13.8 kV feeders. '

Protection for station services:
(i) Undervoltage protection on 220/127 v bu's." o

Alarm for pump motor units:

{i) Bearing temperature high (1st stage).
(ii) Cooling air temperature high, :
(#i) Cooling water flow sloppéd for motor air cooler, motor bearing, pump
bearing. S :
(iv) Puimsp and motor beanng oil level low.
(v) Other necessary alanms.

Alarm for main transforimers:

(i} Oil temperature high.
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(i) Oil level low.

@iiiy Buchholiz relay operating (Ist stagc).:
(iv) Winding temperature high.

(v) Gas ptess low for circuit breakers.
(vi) Unhealth of disconnecting switches..
(vu) Other nccessaty alam,

Alarm for 138 kV Iransmnssxon lme

(i) Gas pressure low for 'circuit breaker.
(i) Unhealthy of disconnecting swilches. .
(i) Other neccssary alarm.

Aiarm for local and staﬂon serwcc lmnsformers

(l) Onl lcmperature hxgh for locat ttansfomlers
: (i) Buchholiz relay operating for tocal transformers {1st slage)
(m) Other nccessary atarm,

Alarm for station setvices: :

(1) Ground fault on 125 volt, D.C. bus
(u) Watcr level hlgh in the dmmage sump pits.
(iii) - Other necessary alam.

E6 3 :'Sxﬂtchbo-"afd .Cons'trudion .

“Each sw:tchboards shall be vermmproof dustproof and complclely enclosed, by smooth

_sheet steel panels not less than 2.6 mm thick, with angle or channel edges bent to 7.0 mm

“radius, seamwelded at corners, and ground smooth, Panels shall be bolted at the bottom to
stitable steel channel sills which with necessary framing will hold the structure rigidly

* togetherto forma sclf—supportmg dead-front type of structure. Outside panels shall not be
drilled or welded for attaching wires, résistors, or switchboard devices. Vertical edges of
panels shall be so formed and bolted together that no gaps exposed to view will pass a 0.8
mm filler gauge.

The main control swiichboard shall be of vertical duplex type with access door at both eads.

The semi-graphic supervisory control sw:tchboard shall be of vcmcal lypc w:lh access door
at rear sude and with separated conlrol desk board. L o

The sub- board shall be of vemcal type wnh access doors at rear s;de



The repair shop pénel shail be wall mounted with front door.

E.6.4 Arrangement

The mdmtmg, mtegratmg instruments, conlrol switches, mimic dlagram of bus bars,
motors, transformers, swilchgears, etc. with indicators showing the position of circuit
breaker and disconnecting $witches shall be mounted on the frohf panels and protective
relays on the rear panels as shown on the Drawings for Tender, No. 3- 1-0f1.. The
arrangement of equipment and apparatus shall be submilted for approval.

E.6.5 Wiring and Terminal Marking

All switchboard wiring shall be done w1th PVC msulated wire more th'm 2 0 sq mm in
seclional area. A suitable wiring duct system. shall be instalied for all interpanel and front-to-
rear panel wiring which will provide easy access for inspection and replaccment As far as
possible all wiring shall be installed in wiring channels and ducls. All wiring from hmged
door panels to the fixed panels shall be done with flexible conductor of equivalent size.

Wiring between terminals of the various devices shall be point to point.- Splices or tee
connection will not be acceptable. Wire runs shall be ncally trunked or ctamped.

Exposcd wiring shall be kept to a minimum bul wherc used shall be formed into compact
groups suilably bond together and properly supported. Instrument transformer secondary
circuits shall be grounded only at the first switchboard entered, and not be grounded at any
point outside the switchboards.

Fuse blocks shali be provided in the first switchboard entered for all potenual transfornier
sccondary circuits. Terminal blocks shall be mounted inside each swuchboard to terrminate
all cables to the switchboard and to provide at least 10 percent spare terminals. Cable
supports and clamp type terminal lugs shall be prowdcd for all incoming power wiring
terminating at each switchboard, All switchboard wire shall be marked near each terminal
end with circuit or wire designation. These markers shall be of an ‘approved type and
permanently attached to the conductor msulatlon All wiring shall also be coloured as
specified in Clause E.6,7 and E.6.8 and any dcvnatlon from (his standard shall be made on
prior '1ppr0vai of the Engineers. S

E.6.6 Phase Arrangement

The standard phase arrangement when facing the feont of the switchboard shall be A-B;C-

from left to right, from top to bottom, and front to back. : All relays, instruments, other
devices, buses and equipment involving three-phase circuit shall be arranged and connected
in accordance with the slandard phase arrangement whére p0331blc ,
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E.6.7 Wiring Celour Code

The switchboard wire shall be coloured yellow, ¢xcept the wire for grounding circuit shall
be green. ' ' :
E.6.8 Phase and Polarity Colour Codes

The colour codes for phése and'po]a'nfty shall be as follows:-

~AC. th_ree-phasé, first phase Red
o 7 secondphase 0 White
_ third phase Blue
"AC. single-phase, fisstline - - Red .
- secondline Blue

Neutral, grounded o ~ Biack
D.Cy o posilivé o Red
negative Blue

E.6.9 Lighting

One 20-watt fluorescent tamp fixture with door switch shall be provided inside each panel
section of control switchboard. One duplex 120-volt convenience outlet shall be provided
for each switchboard at convenieiit location. '

E.6.10 Painting

All outside panel surfaces shall be primed, filed where necessary, and given not less than
two coats of synthetic undercoat. The finishing coat shall be a semigloss paint. The colour
for the outside finish shall be Munsell Notation SY7/1.: The inside surface of the
switchboards shall have two prime coats and one finish coat of light cream colour.

E.6:11 Meters and Instruments
‘All.indicating instruments shall be of the flush-mounted back-connected, dustproof and

* heavy duty swilchboard type. Each indicating meter and instrument shall have a removable
- cover, either transparent or with a transparent window. Each meter and instrument shall be
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suitable for operation with the instrument transformers shown on the drawings under both
normal and shost circuit conditions.

Scale plates shall have a permanent white circular or rectangular finish with black pointer
and markings. The scale ranges shall be determined from the current transformer and
potential transformer ratios. ' - ' '

Each waltméler, and, watthour meter shall be of 2-element, 3-phase, 3-wire Lype excepl

wattmeter and watthour meter on the station service transformer circuit which shall be of 3- -

element, 3-phase, 4-wire type. ,
All indicating instruments shall be approximately 1 10 mmi with a'scale aré of approximately
240 degrees. The imaximum error shall be not more than one and a haif (1.5) percent of full
scale range. : E e

Shunts for use with D.C. ammeter with calibrated shunf leads of requircd tength shall be
provided by the contractor. R ‘L

Temperature indicator shall be supplied to indicate temperatures I_neasuréd by 100 ohm at
0°C copper resistance temperature detectors furnished with transformers.

Temperature indicator selector switch for each pump-motor unit to be eQuipi)‘ed on the semi-
geaphic supervisory control swiltchboard shall be provided with points to'indicate the
temperature of the following temperature detectors:- ' -

1 Thrust bearing
2. Motor beasing oil
3. ~ Motor lower glide bearing metal
4, "~ Pump guide bcaring_ metal .
3. Pump guide'bcaring oit
6.- 11 Motor stator winding
12. Cooling air inlet
i3. ~Cooling air outlel
14,15, Spare -

- 16.  Test

E.6.12 Protective Relays -

Each protective relay shali be of the flush-mounted, back-connected, dustproof, switchboard
~ type, with rectangular case, Each relay shall have a removable transparent cover ora cover

with a (ranspatent window, with provision for sealing. Each relay shall be, to the maximum -
possible degree, of a drawout type from the front of the panel with sliding contacts, without -

* opening the current transformer sccondary ciccuits, disturbing external circuils, or requiring

£
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disconnection of leads on the rear of the panels. Bach relay shall be equipped with an

operation indicator and contacts for operation on 125 volt D.C. for each phase, with an
external, front operated resetling device. 'Each relay shall be suitable for operation with
instrument transformer ratios and connections shown on single line diagrams under both
normnal and short circuit conditions. Each overcurrent and differential relay shatl be suitable
for continuous operation at current coil tap rating with 60 Hz altemating current.

I

(3)

“@

{5)

©6)

@

- (8)

Motor Diffecential Relays

Motor differential telays for short circuit protecuon shall bc smgle phase hlgh-speed
variable percentage differentla! type. o .

: Transfonncr le feremlal Relays

Transformer drfferenual relays shall be smgle phasc hlgh specd vanable perccntage
differential type. The relays shall be suitable for prolecuon of 3-phase 2- wmdmg
transformer and shall provide positive prolcctlon agamst tripping on magnetizing in-
rush current. :

Overcurrent Rclay's

Inducnon overcurrent relays shall have minimum inverse or definite minimum time

detay charactensucs Phase relay shall havc pick- up current adjustable from 4.0 10
12- amp

Dirqct_ibnai Ground Relay

Motor dircctional ground relays shall be of induction type and shalt have a suitable

. pick-up current taps or fixed pick- up current tap with external resister havmg suitable

resistance taps. .

Overvoltage Relay

4.16 kV bus A.C. overvoltage relay shall be three-phase induction type 110-140 volt
range.

Ovewoltagc Ground Ré!ays :

Bach over\}oltage ground ré?ay' Qﬁal] be of induction lypé and shall. havé a suitable
variable range of pick-up voltage,

Underyoltage Relay |

o 4 16 kV bus and station service A C. undervollage relays shall bc of three phase
N mducuon lype 60- 90 volt r'\nge '

' Transmlssmn Line P_rolccuon Relays
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Each relay shall be of the mho or conipensator impedance, smglo-zonc 0.25- 2 5 ohms,high
speed, directional distance type. Each sclay shall have a continuous rating of 5 amp, 125
volt, 50 Hz alicmating current, - Bach sct of relays shall provide short circuit and ground
‘prolection faults with directional control on the 138 KV transmission line. Auxlhary current
and potenual transfonncrs shall be fumlshed if necessary. :

9 ckou( Rclays
' Lockoul relays shall be elecincal mp manual reset lype
(10) Auxmary Relays . 7

The necessary auxiliary relays required to permit proper operation. of the relays listed
above and equipment controls and supcrwsmn shall be prowded moumed and wnred
- in the swntchboards o L . . .

E.6.13 Annunciater System

The group annunciator system shall provide automanc visual and audlble alarms to indicate
abnormal conditions in the pump station and switchyard. The system shall consist of visual
‘annunciators and audible alarm mounted on the semi- graphlc superv;sory control
switchboard and each main control switchboard in the contro room. Bach annunciator shall
have white nameplate showing device number of the corresponding refay with black letter.
Resetting of the annunciators after operation shall be conducted manually by the push button
provided on the front. All annunciator equipment shall be suitable for operation on 125-volt
D.C. and shall operate sansfactonly within a sange of 95-135 volts D C. '

Al least 25% span, annunciators shall be prov:ded for addmon at site, In addmon to the

above spares, one annuncnator shall be allocated for dmmagc sump high level alarm.

E.6.14 Group Sequence Indicator
The geoup sequence indicator shall be of lamp type mounted on the desk type control

switchboard. The indicator shall have a tamp inside a window which lights up to give
indication by the letters on the window. The wordings indicate the operation sequence.

E.6.15 Indicating Lamp Assembles

Indicating lamp assemblies for the main comroi boards shatl be of lhc switchboard lype,

insulated for 125-volt D.C. s¢rvice, with appropriate coloured caps and mlegrally mountéd

resistor for 125-volt service. Lamps shall be made of material which w:ll not be softencd by
the heat from the lamps. . L . _
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E.6.16 Terminal Blocks

Terminal blocks for switchboard control wiring shall be moulded type with barﬁeré, rated
not less than 600-volt with covers. White or other light-coloured marking strips, fastened
by screws to the moulded sections at each block, shall be provided for circuit designation.

E.6.17 Control and Tnstrument Switches

All control and instrument switches shall be of the rotary switchboard type with handle or

push button type on the front and the operating contact mechanisms on the rear of the panel.

All contacts shall be enclosed in a cover or covers which can be easily removed when

installed on the switchboards to afford complete accessibility to contacts and terminals.

Each contact shall be readnly rcncwable and shall havc adcquate snsulanon and contact
: surface : - ‘ : : ‘

Each control and instrument swntch shall bc prowded wnh an escutcheon clearl} markcd to
show each operating position. ‘The switch identifications shall be engraved on the
escutcheon plates or on separate name platcs The escatcheon and name plate markings shatl
be subject to approval

Control swnlchcs for circuit breakers and disconnecting switches shall be provnded with the
“required number’ of posmons and sh'tl! bc momentary contact lype, with spring return to
' norma! posm(m :

The control swnlches shal! have pistol grip handlcs, mechamcal operat:on mdlcator to show
' lhe last manual operahon of swntches :

Ordcnng switch for manual- operated dlsconnectmg switch shall be two position maintained
. contact type and shall have a ﬂat knob of the same wndlh as mlnuc bus to show an ordercd
position of switch, - '

Insteument and nicter selective switches shall be maintained contact type with the required
number of positions, and shall have round notched handles.

Emergency shut down swilch shall be momentary contact type with spring return to normal
position, and shali have red oval handle to be pulled out before they can be turned to operate
the switches. '

E.6.18 Mimic Buses and Equipment Symbols

Mimic buses and equipment symbols shall be provided on the switchboard to form single
line diagrams which will simulate actual electrical connections. Mimic disconnecting switch
syimbols specified shall be operable. The mimic buses and symbols shall be made of
anodnzed aluminum or other approved materiat ﬁmshed in colour, The buses shall be at least
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| 10 mm wide and mounting bolts shall be concealed. Colours of the mimic bus shall be as

 follows:- o o @

138 KV oo e veeereasesiaar e erasanans Brass
BAG KV ciirviieecenieriinnes e Copper

E.6.19 Name Plate

Rach board, each panel, each switchboard, device and each power and control circuit shall
be provided with an engraved name plate or with other suitable means of identification
approved by the Engincer. The name plates shall be made of laminated sheet plastic or of
anodized aluminum approximately 2 mm thick engraved to black letters on a white
background. The language of all boards, buttons panels etc. shall be Spanish, - =+~ -

E.6.20 Test Blocks

Test blocks shall be provided on the switchboard as required. The test block shall be of the
back-connected semi-flush mounted, switchboard type with removable covers. All test @

blocks shall be provided with suitable circuit identification and shall be arranged to isolate :

completely the instrument from the instrument transformers and other external circuits s0

that no other device will be affected, and means shall be provided for (esting either from an

external source of energy or from the instrument transformers by means of multiple test

plugs. The test blocks and plugs shall be arranged so that the current transformer secondary

circuils cannot be open-circuited in any position while the test plugs or cover plugs are in

place, being inserted, or being removed. Three test plugs for each type of block furnished

shall be supplied with the switchboards. _ o

E.6.21 Equipment Details
(1)  Main Control Switchboards
The panel-mounted equipment and devices shall include but not be limited to the

following:-
(a) - Motors panels A and B (for each panel)

Efgmﬁidﬂ
| Onc ~ - Fault ann'un_cia_nwr group. : _ ;
. Thee - AC.ammeters 0-400amp. o T ©

‘Three - Wallmelers 0-3 MW,
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Three - Walthour meters, :

Three - A.C. ammeter selector switches.

One - Mimic bus. :

Three - Control switch with green and red mdlcanon for circuit breaker
One - Reset switch for annunciator - -

One - Power source switch for A.C.

One - Power source switch for D.C,

© One - Setoftest terminal

_ Back Side ,
Nine - Motor differential relays.
Nine - - Overcurrent relays for motor circuits, .

‘Three - Directional ground relays for motor circuits,
_ One - - Complete set of aux:lla:y relays and lockout nelays as rcqmred.

One - Setof test tcmnnal

Transmission line panel for Severino Pumping Station

Front Side
One - Fault annunciator group.
Onc - A.C. volimeter 0-200kV,
One - AC.ammeter 0-100 A.
One - Frequency meter 54-60-66 Hz
One - Power factor meter
One - Wattmeter 0-20 M.
One - Varmeter

i One - Watthour meter. -

- One - AC. voltme_tcr selector switch.

One -+ A.C. ammeter selector switch

“One - Mimic bus
One - Orderingl switches with green and red Iamps for 138 kV disconnecting

switches.

! One ; - Ordenng switches with green, red and whlte lamps for 138 kV carthing

switches

~One ' - Contro} switch with green and red indicating lamp for 138 kV circuit

breaker

"One - Ordering swilch with green and red indicating lamps for 4.16 kV bus

_ connection disconnection switch, - -
One - Reset switch for annunciator
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One - Audible alarm stop switch
" One - Lamp test switch for annunciator

One - Power source switch for A.C.
One - Power source switch for D.C. -

"~ One - Setoftest terminal -

Back Side T T
One - - Distance relay '

“One - Distance ground rclay

Two - Overcurrent relay

One - Uader voltage relay !

One - Complete set of auxtllary relays and lock-out relays as reqmrcd
One - Set of test terminal.. :

Main transformer and static  condenser circuit panets A-and B (for each panel)

Front Side

" One - Fault annunciator group.

One - A.C.voltmeter 0-6 KV for 4.16 kV bus. .
One - A.C. ground voltmeter 0-6 kV for 4,16 XV bus.

One - Power factor meter . :
One - A.C.ammeter 0-1,500 amp for main iransformer
One - Wattmeter for main transformer

One - A.C.ammeter 0-200 amp. for static condenser.

One - A.C. voltmeter selector switch:

Two - A.C.ammeter selector switch

One - Main transformer winding !empemmre supphcd in Subsechon 6C

One - Mimic bus : SR

Two - Control switches with green and red mdicahng lamps for 476 kV
circuit breakers on main transfonuer and static condenser circuits.

One - Control swnch wﬂh green and red indicating lamps for 138 kV circuit
breaker on main transformer lry circuit.:

Onc - Ordering switch with green and red indicating lamps for 138 kV
disconnecling switch. | ; -

- Two - - Control switches with green and red lamps for 476 kV disconnecting

switches on static condenser circuits.

‘One - Reset switch for annunciator .

One - Power source switch for A.C. .
One - Power source switch for D.C.- ¢ . .
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One - Sctof test terminal
Back Side
Theee - Transformer differential relays. _
Five - Overcurrcat relays for transformer and condenser circuils.
Cne - Overvoltage relay for 4.16 kV circuit.
One - Undervoliage relay for 4.16 kV circuit.
One - Oveivoliage ground relay for 4.16 KV circuit..
Onec - Complete sct of auxiliary relays and lockout relays as required.
One - Setof test blocks. - Co

(d) - Local transformer, and station service tran_s'form'ér circuit panel (for two
panels) ' . ' ‘

" Two - Fault annunciator group. (for annunciation items on 13.8 KV local line,

2201127 V station servibc, battery, baltery charge and emergency diesel
‘generator circuit, shall be included on this group.)

Four - A.C.ammeter, 0-200 A for lry circuits of local transformer.

Four - A.C.ammeters, 0-50 A for Iry circuits of station service transforiner.

@ Four - A.C.ammeter selecior swiich
Two - Mimic bus
Two - Control switch with green and red indicating Jamps for 4.76 kV load
" break switch on local transformer 1ry circuits.

Two - Control switches with green and red indicating lamps for 4.16 kV load
break switcg on station service transformer lry circuits.

Two - Reset switch for annunciator :

Two - Power source swilch for A.C.

Two - Power sousce switch for D.C.

Two - Sets of fest terminal
Back Side

Eight - Overcurrent relays.

Two - Complete set of auxiliary relays and lock-out relays as required.

Two - Reset switch for lock-out relay

" Two' - Setof test blocks.

{¢)  Transmission line panel for Daule Peripa Power Station

o R LR

Onc - Fault annunciator group.
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One - AC. vollmeter 0-200kV, ~ -~ - -+ = :
One - A.C.ammeter 0-100 A, ' ' @
One - Frequency meler 54-60-66 Hz .

One . - Power factor meter- - '
One - Wattmeler 0-20 MW,
One - Varmeter .
Onc - Watthour nieter. :
. One .- A.C. volinieter selector swntch.:

One - A.C.ammeter selector swilch

~ One - Mmucbus :

' Five ' - Ordenngl switches with green and red lamps for 138 kV disconnectmg

_ switches. _ :
One . - Ordcnng swnches with grecn red and white Jamps for 138 kV earthmg
e switches e
One . - Control switch w:lh green and red indicating lamp for 138 kV ciccuit
‘breaker . .. .. . -

One - Reset switch for annunciator. |
One - Audible alarm stop switch _ . _
One - Lamp test switch for annunciator S @
One - Power soucce switch for A.C.
One - Power source switch for D.C. .
One . - Sctoftestterminal
- Back Side
One - Distance relay
One - Distance ground relay
Two - Overcurrent relay
One - Under vollage relay : :
One - Complete set of auxiliary rclays and lock out relays as required.
One - Set of test terminal.

2)  Seri-graphic Supervisory Control Switchboard

The panel-mounted equipment and devices shal! mclude but not be limited to lhe
foltowing:-

One Complele set of g:aphnc pumping systcm mcludmg suction pondage
pumping equipment, penstock lines and head tank. - : E é)
- 8ix - Sequence lamp indicators for pump upits, © & ' ‘ '
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One- - Complete set of fault lamp indicator.

Six - Temperature mchcators for pumps and motors as spccmed on Clause
B6.11. -
Six - Guard valve opening indicators supphcd in Subsection 6A.

Three - Water level indicators for suction pondage and two head tank.

‘Two - Water flow indicators for discharge pipe lines.
.Two # Dlgltal mtegrahng water flow meters for discharge plpelmes

. Six - Master conirol swnlches for slart slop of pump umts
Six - Control switches for manual shutdown for €MErgency case.
Six - Selector switches for temperature indicators.

~Two - Control power sousce switches for A.C. and D.C.
- One - audible alarm stop switch.

- One - Complete set of auxitiary relays and lockout relays as requnred

One .- et of test temunal.,

Sub Conlrol Swntchboards

The sub- eontrol swﬂchboards shall be prowded to feed AC 220 127 V three phase,
four wire and DC 125 V power to pumping station common use fac;htles and is
installed in the low tenswn switchgear room (EL.6O. G m).

The pane! mounted equlpmeni and dewces shall include bul not be Inmted to the
followings:

(a)

(b

A.C. panels - 1 and panel - 2 (for each panel)

One - A.C. ammeter, 0-300 A,
Twelve - No fuse-breakers.for AC - L.
Sixteen - No-fuse breakers for AC - 2.
One - A.C. ammeter selector switch, -
One ~ - Set of terminal block.

" Note:  No-fuse ciccuit breakers shall be three-pole, 127 volts. The rated frame

. currents shall be referred to single line diagram of station service.

D.C. panels

Sixten - No fuse breakers _
Two - Magnelic contaclor forD C emergency llghhng cm,uns
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One _-Terminalblock.. S - - x L %

Note:' The rated framé current for no-fuse circ’uii ‘breal‘cers shall be referred to t -
single line diagram.of station service.

Battery Charger Panel

One metal enclosed baltcry charger havmg doora in front to facnhtale inspection,
shall be supphed The sectifier clement for the battery charger shall be of silicon,
(Selenium and mercury typc not acceptablc ) Fuse protecuon shall be provided for
mdmdual rectifier diodes, . = - ‘ .

The battery chargcr shall be capahlc of mmal chargmg, ﬂcaung operalton and'
equalizing charging for 200 AH storage battery supplied under Subsection 6F.5.

“ The battery charger shall be equipped with an automatic voltage regulator to mam!am

D.C. output voltage within J% under operating condmon

The battery charger shall be dcsigned for thc following reqmrements:- '

AC. Input VOIAge ..o.ovvvivivivnineieiacienniinnnn, ~ 220 vol, 3-pha§c
Rated D.C. output voltage .........iveeeieivniians 125 volt -

Rated D.C. OBIPUL CUTEENL Lovvvvviiveasennsinnee ' 300amp. ,
D.C. voltage regulating range ............ e 102-159volt

Following instruments shall be mounted on the panel.

One - A.C.amnieter, 0-100 A,

Onc - D.C. ammeter, 200-0-100 A,

One - D.C. voltmeter, 0200V,

One - Change over switch for D.C. voltmeter. -

Five - Magnet circuit breaker., o

One - D.C.undcrvoltage relay.

One - D.C. ground detecting relay.

Two - Lamp indicators with contactor for ground polarity indication.

The Contractor shall supply alt other necessary accessories for the battery charger.

Repair shop Panel

One - Setof 220/127 volt, 3 phase. -wire bus, -
One - No-fuse-breaker, 3-pole, i50 AF, 150 AT B ' @
Ten - No fuse-breakers, 3-pole 100 AF, 100 AT. G - i
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Two - No-fus:'éibré:'hkers','2-p":olé, 100 AF, 50 AT.

Thc repair shop pane! shall bc mounted on the wall in the repair shop room (EL.55.0
m.

E.6 22 Spare Parls for Conirol Switchboards :

rhe followmg ltems shall be supphed as spare parts

300% - Switchboard indicating lamps of cach type.
10 pcs - Colour caps of each colour for indicating lamps
200% - Fuses of each type and rating used.

. Iset = - No-fuse- breakers of each ratmg :
20 pes - Resistors forlndlcatmglamps _
flot - Complete assembly of each type of swilches, limers, rheostats, rechﬁers and

- other special devices.

“1lot - Other necessary spares recommended by the manufacturer for protection.

relays and other devices if not covered above.

E.6.23 Test

The following test shall be carried out at the Confractor's shop.

()
@)
3)

@
o
©

Q)
®)

o

(10

Inspection of construction.
High voltage test.
Measurement of insulation resistance.

.. Calibration test for meters,

Charactcristic test for refay.

"Checking of sequence and wmng

Temperature tise test of charger (Certificate of type test may be acceplable)
Floating charge function test

Automatic equalizing test _

Ef ﬁc:ency test (Ccmﬁcate of type test may bc acoeplab!e)
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E.7  WATER LEVEL AND FLOW INDICATORS

E.7.1° General

To indicate the water levels, the water flow and the digital integrating water flow at the semi-
graphic supervisory control switchboard in the control room, selsyn type water level
transmilting equipment with floats and indicators and ultrasonic water flow measuring
equipment compléte with detector, flow meter, digital integrating flow meter and necessary
accessories shall be supplied. The control cables for the water level equipment shall be
supplied under Subsection G, but the coaxial cables for the water flow measuring equipment
shall be supplied under this Subsection. ‘

E.7.2 Water Level Indicator for Suction Pondage

The water level indicator for the suction pondage shall be in accordance with the following
requirement. : B L I IR .

(1) Transmitting distance ....civvvvneiiniaiiiannen ee. . 50 melers approximately
(2) - Water level fluctuation ...i.cceeieniinnen - from El. 47.000 to El. 69.000

'The water level transmilli.ng equipmem- shall provide a contact for pump stop to be closed at
the water level of El. 46.500. | - _ -

E.7.3 Watcr Level Indicator for Head Tank

Two (2) water level indicators for head tanks shall be in accordanqe with the following

requirement.
(1) TransHiling diStance ....e..veereverernnesiionn. :1,220 incters approximately
(2)  Water tevel fluctuation ......cocoeeevenenvennnn from EL 113,300 to El 114.060-

The water level transmitting equipment shall provide the contacts for élq;m :t;) be closed iat
H.W.L 114.060. _ N S T

E.7.4 Water Level Switches for One-way Surge Taunks -~

Two (2) water level switches, electrode Lype, for W.L 101.0 min tf_ivb on'c-wdy-sﬁ'r.ge miﬂ%s
shall be provided with two atarm contacts for leakage and overflow of the surge tank.

The water level switch shall be in aaaordance with the following requ'iremcnl..
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(1)  Transmitting distance .....ocoveeveeeminnmninnine 140 meters approximately
(2) . Water level for alarm ...o.oiviiinniinnns EL. 100.000 for leakage
EL. 101.200 for overflow

E.7.5 Water Flow Indicators and Integrator for Discharge Pipe Line

“Two (2) sets of the water flow measuring equipment provided on the discharge penstocks
line shall be in accordance with the following requirement,

(1)  Type: ' - Ultrasonic type complete with detector, flow meter,
' digital integrating flow meter and necessary
accessories including co-axial cables.

(2)  Transmitling distance: 150 meters approximately.
3) Measuring range of water flow: 0 m3/s - 11 m3fs.

(4)  Measusing error: Less than 2.0% at full scale.
(5)  Discharge penstock: 2.0 im in diameter.

E.7.6 Spare Parts
The following item shall be supplied as spare parts:-

(1) One (1) set of spares recommended by the manufacturer,

E.8 ERECTION

The framework for the equipment except steel supporting structure for 138 kV circuit
breaker shall be provided under Subsection G.

The channel bases for cubicles and contro! swichboards shall also be supplied under this
Contract. -

The erection work shall be done by the Contractor in accordance with the finally approved
drawings and instruction manual for erection.
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SUBSECTION - F

ANCILLARY EQUIPMENT

F.1 GENERAL

This Subsection covers the design, manufaciure, testing before shipment, transportation to
the Site, installation and erection, conmnssmnmg and performance tests at the Site of the
foltowing: ‘

() Two(2) overhead travelling cranes.

(2)  Two(2) drainage pumping systems. i

3) One lot of machines and tools for repair shop and others.
4 One (1) set of storage battery.”

(5)  One (1) oil handling and punfymg equipment,

(6)  One(1)diesel engine generator set.

The details of the equipment, not specified herein, will be left to the Contractor, but subject
to the approval of the Engineer.

F. 2 OVERHEAD TRAVELLING CRANES
F.2.1 Déscription

Two (2) sets of the low speed overhead travelling crane shatl be provided in the pumping
station as shown on the Drawings for Tender, Nos. 3-1-005 and 3-1-006. One shall be
( installed at the pialform to use mainly for unloading and loading of the pumping equipment.
' The other shali be installed af the erection and machme bays to use mainly for mstalllng and
_ mam{ammg of the pumpmg eqmpmem '

Each crane shall be of e!ecmcally opcratcd and cab controlied typc and be complete with
main traverse girdess, cab, main and auxiliary hoists, shaftings, gearings, complete electrical
equipment including motors, limit switches, current collector, trolley electrification, brakes,
hoisting ropes, blocks and hooks, crane rails and their fitlings, stoppers, ladders, platforms,
- guard and handrails and ncccssary components for proper and efficient operation of the
crane.

- P-1



F.2.2 Design Conditions _ o - | @

Each crane shall be designed in accordzmce wnh the t’ollowmg conditions.

(D

2

©)

L))

(5)
)

Hoisting capacity

_'Mainhois_t; :32w0s
~Avxiliary hoist - ¢ -8tons- . ...

| Speed
Lifting speed of mainhoist ~ : 1.6 m/min.
Lifting speed of auxiliary hoist, : 10 s/min,
Traverse speed of trolley - @ 10 m/min.

Travel speed of crane girder @ 20 m/min.

Span (Centre to centre of crane rails) : 10.500 m for platform OHTC °
' 10,000 m for mach__inc OHTC

Lifting Height : 22,0 m for platform OHTC gg

~ 20.0 m for machine bay OHTC
- Power Source . AC220127V,3 phase,4 wire 60 Hz
Design General

‘The design shatl be such that all movements take place smoolhly 'md posnwcly No
slipping or crecping of the load shall occur at any time. “The crane shatl be designed

for continuously repeated cycles upto one hour total duration and shalt be capable of
travelling with the full load suspended in any position of the pumping equipment
provided in the pump station. Special care shall be laken to guard against 011 or’

~ grease dripping from the crane.

F.2.3 Structural General

Each crane shall be designed and manufactured to conforim to the following requirements.

H

Crane Structure
The crane structure shall be of steel and ail-welded construction. The main traverse ' %’3 '

girder shall consist of two main girders conneeted together at each end. A system of
lateral bracing supported by auxnlmy trusses shall be provided for each main girder.
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" Checkered platé wa¥Lways and stee handratls shall be prowdcd on top of ¢cach main
girder. :

An operator's cab shall be prowdcd for each crane, suspending from a main girder
and access to it shall be from a staircase to be provided by other contractor at each
plaiform and erection bay of the pumping station, The cab shall be of steet and
toughened glass and close type. All controls shall be so arranged that the operator
has a clear view of operations without moving from the operating position and an
operator's seat shali be provided. The complete girder structure shali be mounted on

* four pwolmg bogies designed to compensate for any irregularitics in the level of the

running rails. Rach bogies shall contain double-fianged stecl wheels which shall
operate on fixed axles with ball or roller bearings, Two matched wheels, one at each .
end of the crane, shall be dnven '

.Travcl Mechamsm of Cranc Gzrder

The Iravel mechamsm of lhe crane glrder shall be mountcd on lhe crane glrder

- assembly and its drive unit shall be mounted at mid-span and shall incorporate a
e motor drwmg enclosed gear reducer th:ough a ﬂexible couplmg to cross~shafts

. Provision shall be made to permu access to ihe travel mechamsm for mspccl:on and

nwintenance. The shafts shall be mounted on ball or roller bearings.

Crab |

The crab frame shall be of fabricated steel construction. Wherever pbs’.sible crab

_steelwork shalt be arranged to support checkered plate walkways for convenient and
. safe access to all on the crab. The crab traverse drive unit shall incorporate a motor
- driving enclosed gear reducer through a flexible coupling to cross-shaft which shall

be mounted on ball or roller bearings. Four steel crab wheels shall be double-

fanged and shall be fitted with ball or roller bearmgs on ﬁxed axles. Two of the
.wheels sha!l be matched as dnvmg whcels

Travel and 'I‘raver‘se Brakes

Spring applled pivoted-shoe, self-aligning brakes, incorporating thruster sclease,
shall be app!:cd for the travel mechanism of thé crane girder and the traveise

" mechanism of the crab. These brakes shall release as soon as the main contactor of

the cranc is closed and shall operate onty when the main contactor is tripped by the
travel or traverse limit switches, or any other operation which causes the main

~ ‘contactor 10, open. In addition, mechanical or hydraulic brakes, operated by foot
pedals from the cab shall be fitted to thc dnvc units for EMETgency use.

Main and Auxiliary Hoists

. The main and auxthary hoist dmms shall be fitted with bronze-bushings and shall
' Operale on fixed shafts and shall be mounled insucha way thal a drum and shaft can

be readnly removcd togclher The hoist drums shall be steel or cast iron and shall
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have accurately machined grooving to accormodate the hoastmg ropes “The honst_

ropes shall be performed ordinary lay conslmctzon

A spring applied, pwoted-shoe sclf-ahgmng brake, incorporating thruster telease,
shall be applied for the main and auxiliaty hoists respeciwely and shall operate
automatically as soon as the power supply to the motor is interrupted. A lowering
speed contro) feature shall be incorporated in both hojsts in order to.reduce the speed
to approx:mately one quaner to one third of full Spced :

- The hooks of the main and auxlllary honst ﬁllblocks shall be. of swwelmg type
N supported on a ball or rol!er thrust beanng - .

(6) Others

All gearings other than final drives, shall be enclosed in gearboxes with automatic oil

circulation , oil ﬁ!lmg and dr'lm eonnecuons, oil level mdlcators and mspeeuon
COVers; , ,

: AII beanngs shall be prov:ded wnh means for !ubncatwn elthcr by automatlc
circulation, grease gun, or in the case of the final drive gears and hoist ropes, by
direct imanual application of heavy bodied grease. All load, waming and instruction
notices, necessary for the crane, shall be provided by the Contractor,.

F.2.4 Electrical Equipmenl

'The Contractor shalt prowde on lhe crane, adequately rated smgle phase transformers
suitable for continuous operation for the supp!y of power to the eonlrol clrcmts, li ghlmg and
power outlet circuits, etc. - _

The electrical power supply to the cnne shall be by means of three bare hard- drawn copper
collector wires supponcd by brackets, attached to the building. The Contractor shall supply
the collector wires, three collectors of renewable carbon-head type, and all necessary end
strainers, brackets, insulators and other required i ittings. ‘

All metors shali be wound rotor. crang rated totally enclosed type, 40% ED rated, The

motors shall be controlled by reversing dr m~type centrollers mounted in duslproof metal:

casing and provided with smrlmg resnslances

A control and protecnon panel encloscd ina cabmet of duslpreof sheet metal construclion,
shall be mounted within the cab. The equnpmcnt ﬁlted to the panel shail mclude main
isolating switch, main contactor, magaetic overtoad relays for each motos and all necessary

fuses, contro! switches and wiring for the motors, conteol circuits, a cab light ang one, AC

127V power outlet. A “power on" indwalmg light shail be ﬁtted to the cabmet

A fqllblock operated wholc currem overhmsung lumt swuch shall be prov:ded for each

hoist. In addmon a shunt type limit swnch shall be ﬁlled o each honst to lmnt the 1ravel in
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the “raise” and "lower” directions. Shunt type limit switches shall be provided also for the
@ traverse and travel motions of the crab and cranc girder respectively. Striker gear for the
~ traverse and travel limit switches shail be supplicd by the Contractor. “All limit switches
shall be self-resetting and shall be electrically connected in a manner pcrmmmg "backing
out" after lnppmg

The traverse collector wires shall be of hard-drawn copper type. Collectors of removable

carbon head type shall be fitted. All Cranc wnrmg shall be laid in screwed conduit or
troughmg : : _

F.2.5 Accessuries

- The fol!owmg shall be supphed for the cranes:

4] Troltey wires insulators and brackets. 1 lot for each crane

(2)  Lubricating oil, grease, machine oil with 50 per cent spare for cach crane.
(3)  Tools for maintenance. . o 1 lot

(4)  Working light. . | -1 lot for each crane
(5) Signal horn. . 1 set for each crane
(6)  Othernecessary accessories. 1 set foreach crane

¥.2.6 Sparc Parts

The followmg sp'ue parts shall be supphed for each crane:

: (l) ' lnsulators for travellmg trolley wires for one lme o
(2)  Bearings. a . 100% of normal use

FoR 'Greasc mpplcs . o _ 2 pes for each type or size
(4)  Carbon brush holdéts fuses and lamps. ~ 100% of normal use
Gy Movmg and ﬁxed comacls for swntches contactors,
 rclays, ete. S | 100% of nornial use
(6) . Fingertip and segment for controller. . lOO%bf norntal us
(7)  Carbon brushes for motors. - : o 200% of normal use

(8 Other necessary spare parls mcludmg coils, thermal relays, resistors, capac:lors and
" small pans recommended by the manufacturer.
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F, 2 7 Tesls

Each crane shall be complctcly assemblcd at Contractor's shop and lhe followmg tests shall
" be carried out and the results shall be ccmﬁcd before shipment: _

(1) Structure deflection test.

2) Full load test (including brake system tesls)
3 Ovcrloadmg test {125 per cent of the rated load)
{(4)  Operation test.

(5) - Dimensional inspection.

After complete assembly at the Site, the crane shall pass an operazron test mcludmg brake
system tests. These tests shall demonsteate that all guarantees have been met and that the
entire equipment meets the contract requirements in that it is properly mstalled and ad]usted
to operate comrectly and safely : .

F.3 DRAINAGE PUMPING SYSTEMS

F.3.1 Description

Two (2) sets of drainage pumping systems shall be provided at each of tw sump prts by lhe
Contractor to use for the following:

(1)  Discharging waste water in the sump pit, gathered from pump house, discharge
penstock, ete.

(2) Dewatering water in each suction pipe of Main Pump through lhe sump pit for
maintcnance and repair of the main pumping equrpmcnt S :

(3) :F:llmg water in each discharge penstock prior to the main pump stamng, whrch is
doneé to boost internal pressuse additionally afier the penstock be filled water by
gravitationat flow through by-bass syslem of the guard valve. - .

The drainage pumplng systems shall include stecl dmm prpes from thc suclron prpcs of main
pump, discharge pipe, auto strainers and pump beanng to the sump pils and discharge pipes
from the sump pits to the suction pondage, valves, sump pumps, control facilities and
necessary components. Two sets of the pump including one standby unit shall be supplied
for each sump pit. The arrangement of the drainage pumping systems and its flow diagram
shall be as shown on the Drawiags for Tender. Nos. 3- l OOSand 3 l 013 respechvely
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(o 3 2 Design Conditlons

The dramage pumping systcms shall he desngncd in accordance with the following

conditions.

(1)  Type of pump : Vertical shaft éﬁbmcrsibie type puil)p..

(2) l)iscliarging capacily K 3 m3{min. per each pump at rated design 1l.1¢ad..

& Rétéddesighhéad Clsem
{4) ' Driving method ~ ~ : brivcn by electric motor directly coupled with pump.
'(8) - Typeand ralmg of motors -

Type : 'Vemcal shal‘t submcrs:ble type mducuon motors.
. Oulput- - : Continuous output of the motor shall be ample to driven a
~ cortesponding pump at the rated voltage £:10% allowance.
Torque : Starting torque of the motor shall be sufficient to drive the
pump under the conditions lhat the discharge pipe is fully
Lo filled with water.
Frequency : 60Hz - 4
Speed : Recommended by (he Contractor.
- Voltage - 3 2207127 volts.

Insulation . - + Class E.

F.3.3 General Requirement

The drainage pumping equipment shalt conform to the following requirements.

(D

Prainage Pump_s :

The drainage pumps shall be of submersible, removadle construction with bolt
fitling, vertical shaft type and shall be prowded with effective lubricating system.

- All sections of the pump and motor casing shall be rigidly connectecl to maintain

correct alignment of all parts.

.The impeller of the pump shall be made of corrosion resistant material and stainless
‘stee} sleeves shall be fitted {o the shaft where shaft pass through the gland and
“bearings. Special attention shail be given to the selecting material and design of

motor seal with due consideration of severe operating conditions of the pumps.

* Adeauate provision shall be made in the design of the pump for preventing from the

entry of solid materials which are too large to pass frecly through the pump.

%
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O N
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(5)

 The design and construction of the motor shall be miade (o preveat entry of external

water, foreign matenal or contammauons into the motor under any opcratmg

“-conditions.

The motor cables shall be waterproof.

Check Valves

© A check valvc shall be prov:dcd at oullet srde of each pump to smp advcrsc water

flow when the pump stops.
The valve shall be of flap lypc and shall withstand intcrmal water pressure 5 kgﬁfcm2

The valve body shall be made of cast iron and the sealing surfaces of the valve sha]l
accurately machmed for complete water seal when the valve closes.

The d:ametem of the valve shall be same as lhc outlet dlametcr of the pump
Sluloe Valves

Hand operating sluice valves shail be provndcd in the drainage pumpmg systems as
shown on the Drawings for Tender, No. 3- l-013

The valves shall be of gate valve and shall wnhstand mtcmal walter pressure 5
kgffem? and 13 kgffcm? for the connecting with discharge penstock. The valve
body shall be made of cast iron and the contact surfaces to seal parts shall be
accurately machined for sufficient water seal when the valve closes.

The connection of the valves to the pipe shall be made by flange coupling.

Drain Pipes

A steel drain pipe including branch pipe shall be provided for the drainage punipsi of
cach sump pit. The drain pipe shall conform to the followi'ng requirements. -

- A{a) Kind of pipe = - | Carbon steel pnpcs !'or ordmary piping.

(b) Internal diameter : 200 mm
(c) Internat water pressure for design 5kgflcn12

(d) Corrosmn allowance ) mm : :
- (e} The thickness of pipe shell mcludmg the corrosion ailowance shall not be less

than 5 mm, : - SN
(f) The branch and bcnd parts shall be des;gncd to m:mmnze the head loss in the
- parts durmg pump opcmuon ‘ :

Dewatering Pipes
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(6)

- 200 mm diameter dcwatenng pipes made of carbon steel pipes for ordinary piping,

connecting the suction pipe of each main puinp and the discharge penstocks to each
sump pit shall be provided as shown on the Drawings for Tender, No. 3-1-013

Eéch'pipe shall be Equippcd with a manually operaled sluice valve from the floor. -

T he pipe shall be designed to withstand the mtcmal and external water pressurcs of h]
kgficm?2 respectively except that some portion of dewatering pipe of discharge
penstoch shall be designed to withstand the mtemal water pressure of 13 kgﬁ'cm2
and the corrosion aliowance and thickness of pipe shell shall conform to the
requirements of the drain pipe in paragraph (4) of this Clause.

Control Facilities
'Each of the followmg pump conteol shall be performed

- (@) Automatic staniing and stopping of the drainage pumps shall be made by

fdeteclmg the water lével in the sump pit by the level detecnng devnce providcd
in the sump pit. _

(b) Manual starting and stopping of the drainage pumps shall also be made from

the control panel provided adjacent to the drainage pump at EL.45.0 m floor by
the change over of se!eclmg switch equipped in the control panel.

The contracter shal supply Ihe panels, watcr level delecting dewces wiring matenals and
other apparatus required for the above pump control.

F.3.4 Accéssorieé and Spare Parts

The followmg shall be supplied for the dr*unage pumps.

(l)
@
3

4

&)

Floor plates and frames.

Pressure gauges.
Sling fitting.
Tools.

Other hecessary acccsson'es

The followmg sparc p‘ms shail be supplled for the dr'umgc pumpmg systems.

(1) "
@
“3)

“Two {2) pump :mpellers
One (1) pump bearing set.

‘Other neoessary spare parts recommended by the manufacturer. - -
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F.3.5 Tesls

- The drainage pumps shall be complelely assembled at (he Comraclors sh0p and tested to
prove the capacity of them before shipment.. L

Afler installation at Site, lhe operation test of the drainage pumping systems shall be carried
~ out and test results shall conform to the contract requirements. _

F.4 . MACHINES AND TOOLS FOR REPAIR SHOP AND OTHERS
F.4.1 Description

For minor repair and routine Inaintenance works of all mechanical and clcctncal equipment
provnded in this Comracl the repair shop shall be provided on EL 55. 000 floor in lhe pump
station.

: The machmes tools and meters to be furmshed for the repair shop and other use shall be as
itemized in Clause F.4.2. : _

¥.4.2 Machines, Tools and Meters
The Contractor shall supply the following machine.s, tools and mcte_rs. ,

(1}  One (1) set of engine lathe with accessories and bats

(2)  One (1) set of bench drilling machine with accessories and dnlls

(3)  One (1) set of portable electric drill with aﬁcessones and dnlls

4  Two (2) sets of clectric welding machines wslh accessories such as weldmg rods
desiccator, welding masks, holders, groves, cabtyre cords, ete. and welding rods.-

(3)  One (1) acetylene and oxygen gas culting sct wnh accessories such as gas
regulators, rubber hoses, culting torches, etc. o '

(6) One (1) set of portable air compressor with accessories.

(1) Each one (1) set of electrical bench grinder and potable type grmder with grmdmg
stones. '

(8)  One lot of measuring instruments such as smcromelcr cahpcrs stecl rule, thickness
gauge, fachometer, stop watch, etc.

(9)  One lot of tools for general use such as wrench sels, iron Ievel cuumg phers. screw

drivers, wire brushes, hammers, vices, jacks, chisels, files, saws, oil and grease
guns, etc. :

(10)  One lot of cargo work tools such as lever blocks, cham blocks, snatch blocks wnre

ropes, manila ropes, ele.
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(11) One lot of meters such as voltmeter, ammeter, frequency meter, phase rotation

| meter, ¢te. |

(12) One lot of testers such as msuhnon tester, universal tester, eanhmg tools, ¢tc,

(13) One (1) set of portable type electrical submersqble water pump with vinyl hose of 50 m.

_ The details of the machines, tools and metsrs such as size, capacnty, kinds and numbers of
the accessories, etc., shall be made by the Contractor upon approval of the ananeer The
* Contractor shall show the det'uts of them in his Tender, _

Electric source provnded for the repair shop shall be of A.C. 3. phase. 220 V, 60 Hz and
A.C. single phase, 127 V, 60 Hz. The machines, tools and meters shall be suitable for the

above mentioned electric source,

F.4.3 Tests

The machines, tools and meters shall be inspected and tested at the Contractor's shop to
prove the specifications, numbers and proper operation of them before shipment.

The following shall be actually tested to prove the specifications of them after installation at
the Site. ‘ L o

(1) Engine lathe.’

(2)  Bench drilling machine.
" (3)  Welding machines.

(4) Portable air compressor.
5) Grindess.

(0} Pontable diilling set.

(7)  Portable pump.

F.4.4 Installation and Storage

~ The engine lathe, bench drilling machine and bench grinder shall be instalted in the repair
shop of the pumping station in accordance with the approvcd drawmg and other machines,
tools and meters shall be set or stored in the store room or repair shop in accordance with the
_Bagineer's direction. All malcnals necessary for selting or storage of them shall be supplned
- by the Conlractor
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F.5  STORAGE BATTERY .

F.5.1 Type and Rating

" One set of storage battery consisting of 60 cells each in scaled plastic transparent container
shall be provided to supply 125-volt, D.C. power coordinating with battery charger
specified in Subsection 6E for the pumping station controls and einergency light. The
battery shall be of lead acid, enclosed type, with gas filter, 125-volt, 200 ampere-hour at 10-
hour discharge rate. - ' S e _

¥.5.2 Conslruc!lon N

The battery shali be of hea\éy-duty, long life construction and shall be provided with the
following. .

() Posilive plate of pasted or 'I_‘udbr type and negative plate of pasted type.

(2)  Separators. | R

(3)  Cells of enclosed explosion proof and sulfuric acid fume proof {ype, consisting of
chemical resisting material, with provisions for measuring the specific gravity of
clectrolyte from outside. The covers shall be fitted with spray proof vent plugs.

Sufficient sediment space shall be provided so that the battery will not have to be
cleaned out during its normal life. :

(4)  Supports for cells.

(5)  Base struciure of steel construction painted with acid resisting.

F.5.3 Accessories

The following items shall be supplied under this Contract,

(1) Requisite quantity of sulfuric acid with 10% extra. _ o

(2)  Sufficient quantity of distilled water for first filling up. :_: O IR

(3)  Mixing tank of adequate capacity. SRt R
(4)  Voltmeter, hydrometers (portable and vent mounted) and vént mounted thermomcter.
(5)  Intercell connectors between celis and terminal lugs. | I
(6)  Other necessary accessories,

it
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F.5.4 Spares

- Diluted su!ﬁmc acnd .................................. 30%
-D:sm!cd WALET 1eurieresenseessesnessssssssaeesaseres 30%
- Other necessary spare parts fer'ommended by the manufacture

7.5.5 Test.

(1) Shop 'I‘est

. {a). - Conslruction check . . :
(b) Efficiency fest (Ccmﬁcate of lypc test may be acceptable.)

{(2) Slte Tesl
| After mmai chargmg, the followmg test will be camed out at sne .

(a) Tcst of capacuy

'F.6  OIL HANDLING AND PURIFYING EQUIPMENT

F.6.1 General

- During treatment of msulatmg oil of the transformers, the oil transported or stored in 200

liter metal drums will be transferred to an insulating oil tank. An oil transfer pump and
strainer will be used to handie the insulating oil. A vacuum oil purifier will be used to
remove contaminatling gases, sludge, msolub!e solids and moisture from msulatmg oil. A

oil tesler wnl! also bc used for the msulalmg oil.

The electric source for 011 handlmg and punfymg shall be threc-phase 220 V or single-phase
127V,60Hz. 7

F. 6 2 Oil Transl‘er Pump and Straincr -

One ml lransfer pump shall be prowded and rated to handle the most viscous oil at the
lowest average daily ambient temperature. The pump shall have a capacity of about 70 liters
per minute when pumping oil to the top oil level of the transformer. The pump pressure'
rating shall include an allowance for hydraulic losses in the hoses, connecting pipes and
filter. The pump shall be provided with a relief valve connected to discharge to the pump
suction and set (o protect the pump from over-pressure. A pressure gauge shall be provided
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10 the pump discharge and shall be fitted with a filter-pulsation damper. T he pumap shall be
driven by an electric motor,

The transfer pump and stramer shall be mounted on a moblle cait. Thé cart shall be
provided with oil resistant tired casters, lifting lugs and pull bar. Racks shall be provided on
the cart for sloring houses and the electrical power cable. o ‘

A suction and a discharge oil resistant hose shall be provided, each about 20 meters in length
for connection to the pump, strainer and oil sumps or transformers. These hoses shall also
be used for connecting the oil purifier to the sump or transformer. All hose connections
shall be the swivel coupling type, and corresponding adapters and coupling valves shall be
provided on the sump for fitl and drain connection.

An electsical oil resistant insulated cable of 25 meter length shall be prov:dcd witha melal
plug suitable for thc outlets. . : L

The strainer shall be mounted on the mobile cart and shall be rated for the transfer pump
discharge at corresponding viscosity. The strainer shall be fitted with a differential pressure
gauge and the body shall be rated for the pressure setting of the pump relief valve, The
filtering medium shall be of non-corrosion metal or synthetic fiber and shall be clcanable
The filter shall effectively remove particles of 0.25 mm size up to 98 percent and shall, when
2/3 blocked, pass the rated flow at a differential of 1 kg persq.cm, The filter element shall
not blow out or fail at this differential and shait not form channels which will conduct the
flow. The strainer body shail have a suitable drain, supports and easy means of access to
the filter clement. A suitablé flexible connechon shall be provided between the pump and
steainer.

'F. 6.. Vacuu‘m Oil Purifics

'A vacuum onl punﬁer shall be prowded to dehydrate, de aerate, punfy and ﬁlter lhe' -
transformer insvlating oil. The purifier shall be complete with all components, controls '
valves, thermostats, pumps, motors, stasters, relays, filters etc., required to control the unit
and ensure the removal of water to a concentration of 10 ppm and of solids greater than a
paricle size of one miceons. The capacity of the unit shall be within the range 3,000 to
4,000 liters per hours. A ‘

In the purifier uses disposal filtering or oil dispersion material, the Contractor shali supply -
with the unit not less than 5 years supply of such niaterial. The quantity of filiéring inaterial -
shall be sufficient to allow changing the filtering media after an annual treatment of the oil
for the transformers. The filtering media shall be changed after the lrea!ment of lhe quantlty
of oil in each sump or syslcm o

The purificr shall be movable and provided wnh alt attachments '\ppropnate to oblammg
casy mmeuverabnhty and to locaung lhe punﬁer adjacem to (he transfonners
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F.6.4 Oil Tester
A potable dielectric oil tester sha‘ll be provided. The rating shall be 5 kVA, with maximum
capacity of a test voltage of 50 kKV. . The test voltage shall be adjustable by the voltage

regulator and indicated on a kilovoltmeter with maximum voltage pointer. The unit shall be
complete with switches, mslrumems and acCessorics.

¥.6.5 Transfer Cart

The Contractor shall supply a transfer cart of steel construction with oil resistance tired
casters, lifting lugs and pull bar. The transfer cart shall be dcmgned to carry two 200 - liter
shipment contamers ‘

F.6.6 Storage Qil Tank
One movable type 011 storage tanks shall be prowded with for handling transformer oil.

The oil (ank shall be welded stcel conslrucuon in accordance with the relevant vessel code.
The capacny of oil tank shall be more than 6,000 liters with all connection plpes and valves,
manhole air vent, a sight gauge to indicate the oil level.

The interior surface of the tank shall be thorougly cleaned and coated with oil resistant paint,

F 6 7 Spare Parts
-Thc fol!owmg spare parts shall be furmshcd and quoted

(1) One(l)setof rcplaccmcm scals and gaskels for pumps and valves of the oil purifier
- and pump, _ : :

(2)  One (1) set of replacement bearing or bushing, including one of ¢ach size and cypé
‘ used in the pumps, motors, wheels or other rotating component of the equipment
supplied under this item, ~ : : :

(3)  One (1) set of replacement components for the controf equipment associated with the
-+ - equipment supplied under this item, such as, contactors, relays, valve springs, and
seats, thermostat and pressure switch serving element.
(4)  Other spare parts recommended by the manufacturer.
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F.6.8 Test

The following tests shail bc camed out at lhe manufacturer s plant in comphance with this
Specaﬁcauon : . _ _ _

(1)  Construction check

(2) - Operation test

(3)  Treatment charactensuctest _

(4)  Continuous operation and leakage test

(5) . Power-frequency voltage withstand test -

F.7  DIESEL ENGINE GENERATOR SET

F.7.1 General

One 200 kVA diesel cngme generator set complete with the necessary swnchgear
acccssones and m'\tenals shall bc provnded to supply electeic power for emcrgency

The dlesel engine generalmg sel wn!] be mslal!ed and erected in the dnese! engme room on lhe
premises of the pump station. : : :

¥7.2 Diescl Enginc

The diesel engine shall be of the full compression ignition vertical cylinder, single-acting, 4-
cycle, solid injection, water-cooled type. The cooling water jacket of engme shall be
demgned for safe operation al maximum water pressure of 5 !cglcm2 The engine shalt not
require premlum fuel for sallsfaclory performance

The diesel engine and gencrator specnﬁed in Clause F.7.3 below, shall be placed on a
common bed plate.

Conlinuous output of d:esel engine generalmg set shall be guaramccd to. be 160 kW at
generator terminals, under the climatic conditions stated in- Clausc GS.1.7-of:"General
Specnﬁeauons" and at the engme speed of 1,500 rpm

The diesel engine shall be automatically staned by a s!ar(er motor when Ihc normat eleclncnly
supply is cut off and nnnually stopped. ! : ~

The diesel engine shall be stopped automaueally and locked when fault h’ippcns
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F.7.3 Generator

The generator shall be 3-phase, 4-wire; rcvolnng ﬁeld type with damper wmd:ng, self-
excited, self-ventitated open type, single bearing synchronous altemator.

The rating of the generator shall be 220-127 V, 60 Hz, 0.8 laggmg, 200 kVA continuous
output and shall be directly conncctcd angd flange-mountcd to engine. Insulatron shall be
Class "F"

~ The excitation current shall be controlled by both voltage and current of the genemtor
through rectifiess to have compound characteristics. The automatic voltage regulator shall be
provided for the excitation systcm capable of controllmg vollage wuhm +2% from no load
to full foad.

The neuttal point of armature winding shall be connected to neutsal bus of the low tension
switchgear and solidly grounded. -If necessary, shaft grounding gear shall be provrded to
prevent damage to bearings due (o high frequency crrculanng currents caused by the stalic

excitation equi pment
The maximum temperature rise of lhe generator shall not exceed the followmg
| Stator windin'g (by thermometer) : 80 degrees C

Rotor field winding (by resistance) : 95 degrees C
Iron core and other parts (by thermometer) : 95 degrees C

F 7.4 Malcrials
'AH malenals which are not specrﬁcally nientioned herein but necessaty for the performance
of the works among the diesel engine generator, the generator control cubicte and the low

tension switchgear shall be provided according to the drawings and/or as directed by the
Engineer. . : :

F.7.5 Accessories
The following accessories shall be supplied:-
_(1) | Engi.nc

(@) One darly fuel oil lank of 450 fiter capacuy with ftoat level gauge.

(b) One set of engine shaft driven pumps for Iubncahng oil and fuel oil injection,

(©) One set of filters for fuel orl and Iubrrca(mg orl cleanablc type to avoid
frequent replacemcms
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(d) One set of thesmometers for cooling water. o |

(&) ~ One radiator with cooling f'm _ o @

() Onctachomeler. - o
(g) One lubricating oil cooler. :
(h) " Oné commaon bed plate, foundation bolts and nuts with vibration free matena.ts
i) -Oné set of reamer bolts wn_ih ntits, for couplmg up with generator. '
() One set of atarm and automatic shut down devices in the event of lubricaling’oil
- pressure drop, cooling water high temperature and over-speed. -
o (k) One panel for safc{y devnce with qlarm assocmtcd with the gcnerator comrol as

 required. ' '
()  One pressure gauge for lubricating oil.

" (m) One set of alt pipmg miaterials with valves and cocks.

NON Onc air suction strainer, cleanable typeto avoid frequent rt,placemenls :
(0) One set of maintenance tools. '
(p) One maximum- pn,ssure indicator.
(@ One test pump with a pressure gauge for fuel injection valvc
(r) One set of s:lencer and exhaust p:pe with expans:on and ﬂexnble joint to

atmosphere. _

(s) One set of flexible fuel lmc and float tank for gravny feed
() any accessories accordmg to manufacturer's standard,

(2)  Generator Control Cubicle

The control cubicle shall be of sheet metal dead front, indoor lype,'ﬂoor n'u)u:itéd'
and self standing. The panel- mounted equipment and dewces shall include, but not
' behmlted to, the foi!owmg - ' - o ‘ .

(@) One 600 V, 630 AF no fuse breaker.

(b) One A.C. ammeter with selector switch.

{¢) One A.C. voltmeter with selector swilch.

(d) One frequency meter.

{¢) Onewatlmeter with three elements, -

{f)  One watthour meter with three elements. -

(g} One contactor for starter motor.

{h) One rcgulalmg switch for govemor molor I |

(i) Onesetof group annunciator. o

Gy T hree currem lransformers of 6(}01‘3 A dfy lypc _ - :

(k) One rheoslat for AVR voitage selting. o o S o @
(1) Onc set of cable terminals, back wiring and iemunal boards and name platcs '
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{m) One sct of test terminals.
(n) One over-voltage relay.
{0) Three over-current relays.
{p) One directional ground relay
(@) Onealarmbell. |
{r) -One set of connections for fault indication of:-
- Excessive temperature rise of cooling water.
- Pressure drop of lubricating oil.
- Overspeed,
(s) One set of indicating Jam ps.
() Onesetof cabinet type static exciter with AVR with necessary accessories.
() One set of spe_c'ial tools for ereclion and repair.

Any necessary accessories of the manufacturer's standard.

F.7.6 Sparc Parls

The following items shall be supplied as spares:-

(1)
(2)
3

O

(5)

100 per cent of packings and gaskets of each type.

100 per cent of brushes for slip ring.

200 per cent of filter elements for fuel oil, lubricating oil and air system.
Electrical spare parts.

Other necessary spare parts recommended by the manufacturer

F.7.7 Tests

The following tests shall be canried out.

(1)

Combined Shop Tesls

(a). Starting test.

(b) Load test including temperatuse rise and oil consumption measurement.
(¢) Govemor (est.

(d) Overspeed test: 110 per cent of rated speed 1 min.

F-19



@)

Site Tests

(a)

Starting test.

(b) Load test.

(c)

Governor test.
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SUBSECTION - G

MISCELLANEOUS MATERIALS

G.I GENERAL
G.1.1 Scepe .

This Subsection covers the design, manufacture, teslmg before shipment, transporlallon to
the Site, instaltation and erection, commissioning and pcrformance tests at the Site of the

following:

RO "‘Electncal conduclors and ﬁumgs
(2) Tnsulators and ﬁmngs

3) Steel structures and towers. -
(4)"  Other materials.

G. l 2 'lcsts

The tests to be carried out before shipment at lhc Conlractor's shop are stated in the relevant

- clauses. - The commissioning tests, specified in Clause GS.11.2 of part-I General

- Specifications, as applicable shall be conducted at site. No pcrformance tests are required
- for equipment under this subsection,

G.2  ELECTRICAL CONDUCTORS AND FITTINGS

(1) Power cables.

(2)  Control cables.

(3)  Insulated wires.

(4) Aluminum conductor steel reinforced.

(5) Galvanized steel wire.

(6)  Bare hard drawn and soft annealed copper conductors
(’?) : I“;mngs '
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G.z{l

Power Cables

~ (A) Cables

Powes cable shall be of single or multi- core copper, cross-tinked polyethylene insulated
polyvinyl chloride sheathed type (CV) with suitable cable ends. 4.16 kV and 13.8 kV
cables shall have metal shietd or have semi-conducting tape and thinned copper wire shield.

Chemicals for !hc protection of cables agamsl termite shall be addcd {0 the shéath.

FOIIQWing'p'oﬁ'éf cablésis_ha_il_ be u"st_?d for eath _circﬂits

)

(2)

3)

(4

&)

6

Cable

4.16 kV, single core,

400 sq.mm CV cable

4.16 kV, three-core,

300 sq.mun CV cable

4.16 kV, three-core,
50 sq. min CV cable

" 13.8 kV, three-core, =
35 sq.mm CV cable

600 V single-core,

300 sq.anm CV cabe

600 V single-core
600 sg.mm

(B) Cable Heads

Circuit

4.16 kV circuils from main lransl'ormcr to hlgh tensnon

switchgear cubicle. The cable sha]l be used in duphcatc to
cach phase.

4.16 kV circuits from high tension switchgear éubiclc_\t’o
pump motor.

4.16 kV circuits from high tension switchgear cubicle to
static condensers, local transformer and station service -

| uansforme{s _ : o __ @)

138 kV circuits l‘rom local transformer to 13 8 cublcle and

fcom the cublcle to deadend towcr for dastnbunon !me

220-127 V circuit from diesel engine generator to low
tension switchgear cubzc!e, but 600 V single core 100

.§q.mm

for neutral c:rcuxt

220-127 V circuit from station service transformer to tow.
tension switchgear cubicle, but 600 V smgle core IOO
$q.mm ‘ o

for neutral circuit.

Following cable heads shall be required:

(D
()
&)
@

For 4.16 kV, single core, 400 sq.mm power cable
For 4.16 kV, three core, 300 sq.mm power cable
For 13.8 kV, three core, 50 sq.mm power cable
For 13.8 kV, three core, 35 sq.mm power cable .

i2 égls
6 sels
12 sels .

6 sels o g‘;

Necessary accessories for abové cable heads shall also be supplied.



“{C) Cable Termination Materlals -

Power cable connecllon in main transformer secondary, main motors and 220/ 127 v cmuus
shall be applied for the cable end termination treatment using appropriale insulation tape on
Site, instead of the cable heads. _

- All_nccessary matemls for the above cable end termlnatlon treatment on site sha'll be
prov:dcd

G.2.2 Contro! Cables

Control cables shall be of jackét type, 600 V, polyvinyi chloride insulated, PVC sheathed,
single or multi-copper-core. The sectional area of core shall not be less than 2.0 sq. mm
Chemicals for protection of cable agams! tenmte shall be added to the sheath. ‘

Colou;s pf core lknsu}_al_lon _shall be as_ fqllows:-‘

OInc COIC .vtvvnnn. e Black

TWO COTES vviireriiisnnrsnrnereres Black and white

THICE COTES «1ivveerrinenrrinrnensens Black, white andred

Four Cores ....oovcvirvennanns e Black, white, red and green
_ ' _"'Five COIES t.uuun. vivireddeneneniis | Black, white, red, green and yellow -
 8iX_COFES .oesreeeriverrienenenee Black, white, red, green, yellow and brown

“G.2.3  Insulated Wires

600 Vv, PVC insulated wires shall be supplied for power and healer c1rcu1ts for auxnlxary
. '_'eqmpment The minimuni size shall be 2.0 sq.mm. - -

PVC insulated wires connecling low tension switchgear cubicle with motor control centres,
AC-1 panel, AC-2 and DC panel shall be at least 22 sq.mm. :

- 'G 2, 4 ‘Bare H"u’d men Copper (m1ductor and Sof t Anncaled Coppcr Conductor

‘Bare hard drawn copper stranded wire of sumble size shall be applled for conncctlon
' betwcen any cquzpment temnna]s and bus or others.

| * Soft annéaled copper slranded wire of 100 5q. min (1912 6 mm) and sma!lcr size wuh a

minimuin of 8 sq.mm, based on the likely favlt cusrent and protection in the circuit shall be
- provided to connect motors, ancillary equipments, motor control centers, cubicles, control
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switchboards, steel structures etc. to the grounding syslem Solderless clamps shall - be
provndcd

G.2.5 Aluminum Conductor Steel Reinforced (ACSR) -

Aluminum conductor steel reinforced (ACSR Oriole) of 170 sq.mi (Al 30/2.69 S17/2.69)

shall be provided for 138 kV connecting circuits between main transformer yard and 38 kv
switchgear yard, 138 kV switchgear circuits in Severino and 138 kV switchgear circuits in

Daule Peripa. Aluminum conductor steel remforced shall comply wuh JIS C 310 or

cquivalent siand'irds

G.2.6 Galvamzcd Steel Wires

Galvanized steel wires of 55 sq.mm (7/3,5) shall be prowded for overhead gtound wires for

138 kV connection circuits, 138 kV swuchgear in Séverino and 138 kV switchgear in Daule -

Peripa.

G.2.7 Joints

Joints of ACSR for 138 k¥ c:rcu:ls shall be of compress:on type and shall be free from
slipping off, damage to or failure of the complele conductors, groundwxres or any parts
thereof at a load less than 95% of the ultimate breaking strength of the conductor or
groundwire. -

The electrical conductivily and current carrying capacity of joints shall not be less than those_

of equn alent length of lhe conductor.

The cut ends of sleel wires and steel component msnde thc _|omt shall be protected from the

weather in an cffective and permanent manner.

G.2.8 Vibration Danipcrs

Vibraticn dampers for 138 KV connecting circuits between main transformer yard and 138
kV switchgear yard shalt be of Stockbndge pattem for the conductors and lhe groundwnrcs

Stockbridge dampcrs shall be des:gned to be attached (0 thc conductom and lhc groundwnres '

in a manner which will prevent damage thereto and free from droop of the weight in service.
Clampmg bolts shall be provided wuh domcd heads and dcssgncd to prevem corrosion to the
lhre'td : : : : ; : :
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G.2.9 Fitlings

Suitable PG clamps, T clamps and terminals for conductors and suitable clamps for
galvanized slec} wnre shall be provided. : :

The clamp for connectlons of copper conductor and ACSR shall be free from electrolytic
corrosion,

G.2.10 Tests

The following tests shalt be carried out at Contractor’s shop:-

(1)  Construction test.

(2)  Tensile test.

3 Elongation test.

(4)  Resistancetest.

(5)  Iasulation test for power cable and PYC wire.
(6) Characteristics.

'G.3 INSULATORS AND FITTINGS
"'The following items shall be supplicd under this clavse:-

(1) Insulator units.
(2} Fittings.

G.3.1 Insulator Units

Each suspension or strain insulator string shall be of 10 units for 138 kV circuits without
arcing homn. The insulator unit shall be standard 254 mm poreelain disc type with balt and
. sockel, and have a spacing of 146 mm between discs..

" The connection between units shall be such as to allow sufficient flexibility for freedom of
movement, and to prevent the possibitily of becoming separated accidentally either during or
. after the erection,

yThe mterlockmg sockets shall be desngned to allow casy passagc of the ball into the socket

S and rating pins or locking devices are requued to keep m the socket under alt service
@ “conditions.
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The dimension of socket and pin shall be in dccordance with gauge of HS standard C-3817
or equwalem

The insulator units shall be brown glazcd :
Each insulator unit shall have following characteristics:-

(1)  Withstand Voltage

Wet (TN 1vveereresscosneenmesssissaesessen 50KV
TIPULSE ceeevriiiaiiiiinire e 125kV

(2)  50% Dry Impulse Flashover Voltage

- Impulse, positive wave KNP
1.2 x 50 micro-second ............ e, 120KV
@)  Puncture Voliage in Ol oo 10KV

(4)  Minimum Breaking Load .............. A TN “12,000kg -
(5)  Loading under Broken Wire Condition |

Under brokenwire condition, in whtch any one conductor or gioundwire shall be
assumed to be broken for all types of towers, longitudinal joads due to the
unbalanced tension of conductor or groundwxre shall be 'xdded to lhe Ioadmg above
mentioned. : '

The tension of unbalance shall be taken to be 60% of the workmg tension of a
conductor or a groundwire for suspension tower, and 100% for termma! towcrs

For vertical loadmg and wind pressure for broken wire, same sp‘m as for normftl
condition shall be considered.

G.3.2  Arcing Horns

All insulator sets for connecting circuits shlel be fitted wnlh *trcmg horns at both the ling and
carth ends. The horns of suitable design for tension msulator se(s shall be dlrectcd
upwards.

The design and lift of the arcing horns are to be such as to obviatc damage to clamps and

conductors and to prevent caseadmg over insulator units whcn flashover occurs, and shall
give at the same time the maximum impulsé ﬂashover voltage
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