12.1.6 OIL TESTING EQUIPMENT

The oil testing equipment shall be provided and installed in the

oil analysis room in the techmnical building.

(L)

(2)

Flash point tester . . L :
Pensky-Martens Flash Point Testers of.JIS-K2265 or ASTM,
complete with electrical heaters, electrical stirrer and
ingniters shall be provided.

The general specification shall be as follows.

~ Number . . One (1) set
Type . . . Motor agitator 90 rpm to 120 rpm
Power ) AC 110 ¥V, 50 Hz:

All required accessories for this equipment shall be
provided.

Gravity hydrometers

(a) The Contractor.shéilrprovide long type hydrémete:s
having an overall length 335 (max) with torpedo shaped
bulbs 25 (mex) SP.Gr, in maximum scale length of 125

mm, with 2 maximum permissible error of 0.0005°sP.Gr.

~adjustable for use at 15°C.
The gravity hydrometers shall be installed in  the
automatic water bath for measuring the specific

gravity at constant temperature.

Range (in degrees) 0.600 - 0.650, 0.650

- 0.700 - 0.750, 0.750°~ 0.800

10,800 - 0.850; 0,850 - 0,900

0.900

0.950; 0,950 - 1.000

1.000 -~ 1.050, 1.050 - 1.100

- C11-18 - . -
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(b) Hydrometer jars made of glass with foot and lip shall

be provided. The general 'specification shall be as

follows.

Overéll height .~ 360 mm +10
Indiqatéd diameter- . 55 mm- 43
.Number o - . Three (3) sets

 The following hydrometers and thermometers with
accessories shall be provided.
(a) -Hydrometer 0.750-- 0,800 Five (5) sets
0.800 - 0.850" Five (5) sets
0.850 - 0.950 Five {5) sets
0.950 - 1,000  Five (5) sets
(b) Thermometer 0% - 100°C Ten (10) sets
(mercury, 0.02°C divisions)
(3) Viscosity water bath
One (1) set of Qiscosity_water bath with complete
accessories shall be providgd;
- Number - - . c One (1) set.
.neasuring range | Room temperature to 100°%
.Temperature_gccuracy 10.6100
Agitating method o Forced circulating: -

{Induction motor)

7 Temperature'contro1 .. ‘One touch, automatic control
.- Accessories
(a): Stahdard e i Ome (1) set:

(b) Standard set for .Cannon method of JISK2283
. .-Range 50:- 400 cst at 50°¢C Five (5)- sets each

. 2.2 -.50 cat at 30°C Five (5) sets each

- Cl1-19 - .-



(4)

(5)

. JIS-K2270: or ASTM-D189.

{e¢) -stop watch

30 seélcycle, 0.1 sec division”

Four {4) sets, 1 min/cycls

-O.z.sec divsién (2) séts'f
Conradson carbon residuezappa;atus.‘.f
The Contracrtor shall provide the Conradson carbon
residue_apparétus to determine the amount of carbon
residue left after evaporation pyrolysis of oil under -

a specified condition. This equipment shall comply to

£
[N

. All required accessories for this equipment shall be

provided.
- Number R - . One (1) set . -
-Type-~ . , . Electro heating method
Temperature range T 1100°C'(max)

90600 {norma}l serfice)
Temperature control system - By temperature controller
Accessories - " (a) Platinum crucible
Two (2) sets
(b)- Standard ~ One (1) set
Water content measuring apparatus

The Contractor shall supply the water content

. measuring apparatus for determining water content in

oil. This apparatus shall be furnished complete with
distillation vessel condenser and fout (4) receivers

of .10 ml ‘and 25 ml each. -

CNumber- - - . .. . = -Tuo (2) ‘sets

Accessories - ¢ . - {&) Flask heater two {2)'sé£s

- C11-20 - .
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(6)

()

{(b) 3 sets of all instruments
rincluding condenser, |
flask (500 ml), etc,

" (c)  Standard One {1) set
Pour point tester .
The Contractor: shall provide the ﬁour_point tester for

measuring the pour point of oil. This equipment shall

- be furnished complete with all required standard

accessories.

Number C _ - One (1) set
Measuring range - . R -12°%

Vessel - : . HMetal baih-,
Centrifuges

Small laboratoryrcentrifuges of 110 V, 50 Hz single
phase with adjustable control of motor speed between
1000 rpm to- 4000 rpm shall be provided.

The equipment shall be of angle rotor self-balancing
type having buckets which accept 15 ml centrifuge
tubes.

The motor and rotor shall be completely enclosed.

The general specification shall be .as follows.

. Number .. - .. - One (1) set
Speed 4000 rpm .
-, Capacity - - - - 100 mL x 4 :
Size - ... . 850(W) x 850(D) x QSU(H) rm

All required :standard accessories shall be provided.

.Cl1-21 -
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(9)

Hot plate-'.

One (1) set of hot plate with complete accessories

- shall be supplied.

"The general specification shall be as follows.

Number One (1) set
Temperature'range - 300° EO'AOOOC_.'
‘Power 1 S AC 210V, 1 kW
‘Size - o -. ‘ 350 L x 360 W-(mmi minimum
réquiremént‘
Electric refrigerator _ S o {?}

One (1) set of electric refrigerator to be used for

preservation of reagents and samples shall be

supﬁlied.
; Nﬁmber‘ . One-(l)'sét
" Total capacity - 225 lit;
(Freezer capacity: 52 liters)
Temperature range - ~(at'3000'ambientJ
Freezing room o ~18%
Refrigerating room 3%

(10)

Sulfur content équipment*

This equipment shall be supplied ‘for measuring the
sulfur contents in fuel oil, and shall be supplied as
complete sets. '

This equipment: shall comprise fixed furnace voltage

"~ controller, voltmeter and ammeter, and shall maintain

‘the temperature of 950% to-1200°C during normal

operation.

This equipmeht shall be in accordance with JIS-K 2541,

- C11-22 -
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Number Two (2) set
Furnace tubs .- Quartz tube ' Four (4) sets
All required accessories for this equipment, including
that to measure sulfur contents in fual oll, shall he
provided,

(11) Measuring equipment of asphalt contents
The Contractor shall supply the two sets of measuring
equipment of asphalt contents with necessary
&céessories required for ensuring measurement of

asphalt contents in residual oil..

11.31.7 ANALYTICAL INSTRUMENfS EQUIPMENT
The Contractor shall supply the analytlcal instruments equipment, .
and this shall be installed in the analytical 1nstruments room
in the technical bulldlng. | |
(1) Calorimeters

This equlpment sﬁall be uged for measurlng the calorlflc
value in fuel oil end 11ght oil, and shall be furnished
.;omplete with requlred standard accessories. The equipment

shall be in accordance with_JIS-KZZ?Q;

Type 'Bomb calorimetér
Number _ o (2) sets
éowéfﬁ" o | AC.liBJV. 55 ﬁz
Aécéééories (gs.iStandard oﬁe ti) sgt

(b) Beckman thermometer Six (6) sets
I(é} VPréssuré reducing valve with gauges

Four (4) sets

- €11-23 -



(2)

Direct reading balance -

- (a)

(b)

.The analytical electronic balance'héving'the capacity

for a maximum load of 200 g shall be supplied The
vibrationproof desk shall. be supplied, The general

specification shall be as follows,

Humber . .One (1).§et=w
. Capacity SR 200 g/max load

Indication : -~ .7 - fﬁlly digital

Readability . - 0.1 mg

Each division of - - 10 mg

projection-séale
Power’ _ AC 110 v, 50 Hz

Standérd accessories -One (1) set

”One (1) set of top loading electronlc balance shall be

supplied.

Number _ One (1) set"‘. -
VIIICapacity D . 2 kélm&x ioéd. |

indicatioﬁ - Digital

Power 1 -: | 4C 110 v 50 Hz

Readabilitf  oag

(c)

Standard accessories One (1) set
Analytical electronic balance having the capacity for

a load of 200 g shall be supplied The vxbrat;on- '

proof desk shall be supplied

The general spec;flcatlon shall be as follows.

Number o One (1) set
Capécity 200 glmax
Indication Digital

- C11-24 -
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Powar, 100 VvV, 50 Hz
Readaﬁility | 0.01 mg
Standard accessories One (1) set
(3) aAtomic absorption:flame spectrophotometer with -~CPU and
CRT. |
The Contractor shall provide the. atomic absorption flame
spectrophotometer consisting of, but not limited to,
hollow cathodic lamp, burner, ajustable slit, etc.
This equipment shall be provided with -CPU and. CRT.
The equiﬁment shall be equipped with all necessary
accessories to detemine the following elements.
(a) Ca, Cd, Cu, Fe, Mg, Mn, Na, Zn, Al, V, Ni, 8i,'Pb, Mo,
Cr, Sn.
The,general.specification of the equipment shall be
- as follows.
.. Number - R One-tl).set
Wavelength 190 nm -~ 900 nm

;- Analytical mode . Atomic:absorption flame

S81lit . : : Four :(4) stage changeover function
. Measuring mode Direct indication and integration
Zero setting .  Auto Zero by puch button operation

(b) This equipment shall have the following necessary
devices to ensure safe.0pgration. >
(i} Flowmeter, contrél fuel and oxydant
(ii) Interlock to prevent ignition unlésé §urne¥ hééd
is in place - | | o |
tiii) Aut5ﬁa££cieiéiﬂé#i;hinguéf.burﬁeg if.pressure in

fﬁel and]of oxydant line is too low or if the

- c11-25 -



(4)

line is lost
{(c) Compres;or
The oilless compressor to be used for the atomic
absorption flame spectrophotometer shall be provided.
Number One {1) sét
Exhauét_velocity.'75~liters[min
- Motor . - AC-110 V,.SO Hz
© Size . Approx. 300(W) x 600(D) x 370(H) mm
Orsat apparatus for boiler flue gas ahalysis and ‘ad justment
of excess .air
The Contraetor.sha11~supp1y the following pértinents}
Absorption pipettes of two compértmbnt type.
The front compartment shall comprise glass tubes to
increase the absorption area, and the rear compartment
shall comprise the solution reservolr. Each pipette shall
have a rubber expansion bag to protect the abscrbent from
the atﬁosphere.
The burette shall have a capacity of 100 ml inclusive of

the bulb at the top. The lower part of the burette shall

: be-graduated-frOm 0 to 50 ml 'in 0.2 ml divisions.

11.1.8 FLUE

(1)

‘The burette shall be surrounded by a 'water jacket, and shall

be connected to levelling bottle through rubber tubing.

Two (2) sets of this equipment shall. be provided.

GAS ANALYZER

.Nox. Sox 02 Analyzer

The Contractor shall" prov1de the flue gas analyzer for

measurlng Nox, Sox and 02 in flue gas emitted from the -

power station.

- C11-26 -
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(2)

The general specification shall be as follows,
Number _ -One (1) set
Measuring : . ... . Nox 0 - 200 ppm,
0 -~ 500 ppm, 0 - 2000 ppm
Sox 0 - .200 ppm,
0 - 506 ppm, 0.~ 2000 ppm

0, 0~ 57, 0-10Z, 0 - 257

- Regponse & - . Nox, 0,

Less than 15 sec

$0, -
o ; . Less than 30 sec -
Accuracy +0.5%
.Power 220 V. 30 Hz

The gas sampler shall be supplled, and shell comprise drain
trap, fllter pump, scrubber, converter. etc.

The gas sampler shall be able to handle sample gas of
200°c. | |

Dust measurlng equlpment

The Contractor shall prov1de the dust.measuring equipment
for measurlng the dust contents in flue gas. The equipment
shall be complete w1th all necessary accessorles, and shall
be in accordance w1th JIS 28808 | 7
This equipment shall be prov1ded complete w1th suction

pzpe, connectlon tube, SOZ absorptlon bottle miet

separator, vacuum pump, manometer 0il mist separator, gas

meter, etc.

iThe dust collector shall use filter paper, and shall

.consist of suctlon nozzle, fllter paper and paper holder.

One (1) set of dust measurlng equipment with all standard

- C11-27 -



(3)

(4)

(5)

Cne (1) set of sulfur oxides measuring equlpment shall be

accessories shall be provided.
Flow velocity measuring equipment

The £low velocity measuring éequipment shall be ‘provided and

shall be used for measuring static pressure and total

pressure by calculating ‘the. flow velocity of flue gas at

.the -flue gas duct. ~This equipment shall be complete with

measuring tube and inclined manometer.
One (1) set ot flow velocity measuring eguipment -shall be
provided, and.shall contain all standard accessories.
Sulfur oxides measuring equipment | gﬁ}
The Contractor -shall provide the sulfur oxides measuring
equipment for measuring sulfur oxidee in flue gas.' The
equipment shall be supplied cowplete with gas sampling
tube, adapter, filter m&terials, heat 1nsulator. absorbing
bottle, glass filter, gas drying column, flow rate -
adJusting cock, closed type suction pump (0 5 to 5 ll min),
pressure gauge, gas meter, etc.'

ThlS equipment shall be in accordance with JIS K0103.

supplied With all standard accessorles.
Nitrogen oxides measuring equlpment

The Contractor shall provxde the nitrogen oxides measuring

equipment for measuring the nitrogen oxides 1n flue gae.

The equipment shall be supplied complete with gas sampling
tube, insulating material filter medium, heater, three way
cock, silicone rubber tube, sampling flask desiccant:ng

agent suction pump, washlng bottle, vacuum manometer. atc.

The material for the gas sampling tube shall be anti-

-~ C1i-28 -

P8



corrosive so as to withstand corrosive gas contained in
exhaust gas.

This equipment shall be in accordance wi;h JIS-K0l04.

.One (1) set of nitrogen oxides measuring equipment.shall be

supplied, and shall include all standard accessories.

()
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11.1.9 APPARATUS LIST

" All apparatus shall be of SHIBATA manufacture, ox equivafﬁnt.

o - : Quantity
(1) Volumetric flasks
Cwo0m B | 75
250 ol | R s
500 ml ' .25
1000 ml o 20
{2) Pipettes
1ml ' 20
2 ml ' | 20
5 ml 20
10 ml 20
20 ml 10
25 ml _ 10
" (3) Erlenmayer flasks
50 ml _ | 30
100 ml ' 50
250 ml | ' | 100
300 ml ’ 50
500 ml : 50
(4} Measuring hole pipette
5 ml : 10
10 ml ) 10
20 ml 10
25 ml 7 10
50 ml | 10

- C11-30 - . -
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'(S)- Beakers

50 m}
“100 ml
200 ml
250 ml
500 ml
1000 ml

2000 ml

(6) Measuring cylinders

10 ml
25 ml
50 ml
100 ml
250 ml
500 ml

1000 ml

{7) Nickel crucibles

50 ml

100 ml

20 ml

50 ml

100 ml

200 ml

(8) Porcelain crucibles

- Cl1-31 -~

Quantity

50
100
100
100
50
25

25

20
20
20
30
10
10

20

20

20

50
100
100

50



" (9) Burettes

(a) Automatic

Quantity
2 ml 10
5 ml 10
10 ml 10
(4 shall be
colored)

25 ml 20
(10) BRottles
(r) Colored

Wide-mouthed

Quantity
250 ml 3¢
500 ml 10
1000 ml 3
51 5
Narrow-mouthed
Quantity
250 ml 30
500 ml 10
1000 ml 10.

(11) Distillation apparatus

(b)

(b)

(Pyrex glass with condenser)

- C11-32 -
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Normal
Quantity
2 ml O K ¢
5 ml S 10
10 ml T 10
25 ml : 20
White
Wide-mouthed. _
._Quantitx
250 ml | 30
500 ml 10
10006 ml : 10
s s
N&rrow—mouthed:l
 oumeiey
: 250 mlr | | 30
soom 10
1000 ml 10

50



/&9—» -

(12)

(13) -

(14)

BOD bottle with cap

Clear 200 ml
Clear 300 ml

Washing bottle (Polyethylene)

500 ml

1000 ml

Bottle (Polyethylene)

Amber 500 ml

Amber 1000 ml -

“Clear 500 ml

(13)

(16)

(17)

(18)

Clear 1000 ml

‘Winkler flask

100 ml
300 ml
500 ml

Separate funnel

250 ml

500 ml

1000 ml.

Nessler tube
50 ml

100 ml

Flasks (Flat bottom)

250 ml

500 ml

1000 ml

- C11-33 -

Quantity

20

20

0

© 50

50

50

20

10

15

- 15

15

20

20

- 20

10

10



(19)

{20)
(21)

(22)

(23)

(24)

{25}

{26)

(27)

(28)

(29)

(30)

Plastic squeaze bottles —_ : S

500 ml

1000 ml

Clamps

.Sﬁpporf clamps (Ring type)

. Triangles (covered with nickel-chromium wire -

silica)
Bottles (Polyethylene)
(with friction fitted cap to protect contents)
500 ml
1000 ml

Spatulas (Stainless steel)

.Desiccators

300 mm

-Burette stand

{with thirty {(30) supports)
Tripod

Wire sguares

.{with asbestos centers)

200 m}
Petri dish

90 x 20 mm
pH test paper

Universal (9 mm)

- Cl1-34 -

Quantity

10

F10

3o

30

30

100

+100

20

10

100

50

50

" 30
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e Quantity
(31) Filter paper - :

9 cm 1) cm
‘Black band - 30 pes. 30 pes.
‘Blue band 30 pcs.' 30 pes.
White band 30 pes. 30 pes.
{32)  Filter (used for suspended solids)
30mn - 1 m
100 pcs.
(33) Millipore filter
- 0.45 m
200 pcs.
{34) Vinyl tube
5x 7 mm | - 40 m
10 x 10 om 40 m
20 x 28 mm - 40 m
{35) Stop cock
Straight bore 8 mm 20
. Three-wa} 8 mm 20
{36) Three-prong grip clamp
50 mm : R : 20
100 mm - 20

- €11-35 -



{37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)

Filter paper

Blgck_band
Blue band
White_band
Filter paper {normal) -
pH test. paper (roll type)
Beckﬁan thermometer
PH buffer powder
PH 7
PH ¢
Mortars with pestles
8 cm
15 cm
20 cm
Porcelain capsules

3 cm

Glass funnel (with groove)
8 cm
i0 cm
15 cm
Plastic funnel
4 cm
8 cm

10 cm

- Cl1-36 -

Quantity

9 ¢cm
20

20

20

10

10

‘boxes

sets

Ay
S

sets

sets

~20

20

<20

vy
—

15
15

15

10
10 -
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(45)

(46)

(47)

(48)

(49)

(30)

(51)

(32)

(53)

(54)

{53)

Wﬁéch glasses
10 cﬁ_
12 em
15 cm
Glass rod
0.5 ém

Glass tubing

0.5 cm

Rubber tubing
0.5 cm
1 cm

2 cm

2 kg 0.7 cm

2 kg ' 0.7 cm

Thermometer (Mercury)

.100%C

250°¢

Bunsen burner

- Tube holders

- Test bubes

Crucible tongs (Nickel) -

Quantity

25
25

25

2 kg

20 m
20 m

20 m

- 30
10

10

250

5

Separating funnels (globe shaped, with stopper at bottcm)

250 ml
500 ml

1000 ml

: Gork borers

- Gl1-37 -

10
10
10 -

1 set



.(56).

(573

(58)

(59)
(60}
(61)

(62) .

(63)

Méésuring cylinder (with cap)

50 ml

.3100 ml

.Bottle droppers

25 ml

50 ml

Teflon beakers
200 ml.
Pipette holder
Pincette

Pinch cock

Carboy (screw neck with spigot, polyethylene)

25 liters

Quantity

12

12

20

20

20

o~

r_ﬂ%“}
St

20

100

A

Paper (industrial absorbent tissues, soft, whité;VnQn-

;. abrasive, non-linting, for cleéning spectrophotometer

-cells)

- 8ize 5 x © in

(64)

(63)

15 x 18 in

Centrifuge tubes with stopper, conical shape

10 mi, with measure

Dishes (evaporating type, round bottom)

r 100 mm

(66)

.Dishes {(culture)

90 mm

- C11-38 -~
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(67)

(68)

(69)

(70)

(71)

(72).

(73)

Stopcocks
Straight bore

Three-way, T bore

8 mm

8 mm

Clamps (versatile, three prong grips):

50 mm

100 ‘mm

Quantity

20

20

10

10

Jack (laboratory, stainless steel 200 mm x 200 mm) = 2

Electric heater (1200 W, allowing heat control

over ‘entire range
Platinum plate
Number

Capacity
Platinum pot
Number .

Capacity

Sampler

‘Number

Type .
Capacity

Accessories

}

- C11-39 -

‘One (1) set

100 ml

2

One (1) set (with cover)

30 ml

Two (2) sets

(JIS:K2251, JIS K2832;)

1,000 miL

~Two (2) sets



11.1.10 REAGENTS LIST

(1)
(2)
(3)
(4)
(5)
(6)
(7
(8)
(9)
{10}
(11)
(12}
(13)
(14)
(15)
(16)
(17)

(18)

(19)
(20)

(21)

The grade of all reagents shall be of superior quality.

 Material
Sulfuric acid
Phenolphthalein
Ethyl alcohol
HMethyl orange
Hydrochloric acid
Strontium chloride
Barium chloride
Sodjium hydroxide
Potassium’éhromaig
Silver nitrate
Sodium chloride
Mercuric nitrate
Nitric scid
Diphenyl carbazone
Bromophenol blﬁe

Ammonium oxalate

Ammonium hydroxide.

Potassium
permanganate
Sodiumthiosulfate
Sodiumthiosulfate

Starch

Specificstions

Concentrated -

Indicator

Indicator

Cconcentrated

Concentrated

Indicator

. Indicator

Concentrated

0.1N

- Cl1-40 -

Chemical . Formula - Quantity
HyS0; 201 (GR)
oty 404 50 gr  (GR)
C,H5O0H 20 1 (EP)
- 50 gr- (GR)
HOL. 20 1 (EP)
SrCl,6H,0 1100°g  (GR)
BaCl,2H,0 1'kg - (EP)
NaoH 5 kg {EP)
K,Cro, 2 kg (GR)
AgNO, 2 kg - (GR)
NaCl 4 kg (EP)
Hg(NO3),.H,0 200 gr  (GR)
HNO4 10 1. (EP)
CogHagNg0p 100'g (dR)
C1gHy0B14058 100 g (GR)
(NH, ) C50, . H,O 2kg (éR)'
NH,,OH 301 - (EP)
KMnO,, 1 kg (GR)
Na,5505 51 (GR)
Na,5,05.5H,0 1 kg (GR)
(65H505)n. 1 kg (Ef)

#y
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(22)

(23}).

(24)

(23)
{(26)
(27}

(28)

(29) -

(30)
(31)

(32)

(33)
(34)

(35)

(36)

(37)

(38)

(39)

- (40)

(41)

(42)

 Material

Sodium sulfide
Potasgium sodium tartrate

Disodium EDTA

‘Magnesium chloride

Ammonium chloride

Eriochrome black T indicatcr:
Sodium carbonate
Hethyl alcohol
Calcium carbonate
Methyl red Indicator
P.Dimethyl amino

benzaldehyde

Hydrazine dihydrochloride

. Glycerin
- Potassium ilodide

_Indigo carmine

Potassium
hydroxide

Dextrose

: Cobalt chloride
_ﬁexa hydrate
Ferric IIT -

.chloride

Copper sulfate

Sodium silicate

- Cl1-41 -

Specifications  Chemical Formula

KNaC,H, g - 4H,0

(H,C00) ,N,C HeNE, .

2H,0

MgCl,.6H,0
NH,C1

Cy ol 5NBO,S
Naécos

CH,OH

CacCo,

Cy5Hy 5830,
(CH4)oNCgH, CHO

N,H, . 2HCL
CyH5-(OH) 5

KI

KOH

CgHq906

FeCl3.5H20

CusS0, . 5Hy0

Na,$103.9H,0

Quantity
1 kg (GR)
'3 kg (GR)
& kg {GR)
1'kg ' (EP)
2 kg (EP)
100 gr  (GR)
2 kg  (GR)
101 - (EP)
1 ke (GR)
25 gr (GR)
100 gr  (GR)
500 gt {EP)
31 (EP)
2 kg (EP)
100 gr - (GR)
10 kg -~ (EP)
500 gr (EP)
500 gr (GR)
1 kg {GR)
1 kg (GR)
500 gr (EP)



{43)

(44)

(45)

(46)

(47)

(48)

(49)

(30)

(51)

(52)

(53)

(54)

(553}

{56)
(57}
(58)

(59)

Chlorofo:m

Material _ Specifications  Chemical Formula Quantity

‘Buffer tablet for

hardness determina-

: tion with EDTA -

Ammonium acetate

Acetlc acid

Congo red . Indicator

. Copper {(metal)

Sodium citrate

Sodium acetate

i-Amino Z-napthol

-4-gulphonic acid

Sodium éulfite anhydfous
. Sodim pyrosulfite
-Ammoniuvm meta

vanadate

Potassium mono

phosphate . -

Tin chloride

Sodium chromate

Oxalic acid:
Potassium hydrogen

phthalate

- Cl1-42 -

NH,CHa0,
CH4COOH

CaoHyoNgNas0gS5

CHCL,

Gu

2H20

HzNCIOHS(OH)SOBH

NH, V0,
KH,PO,,

$nCLy.2H,0
NaCro,
H,C,0,

KHCgH,0,, -

-5 bottles,
-each contain-

~ing 1000

tablets. (GR)

4 kg - (ER)

© 10 1 .- (EP)
100 gr (GR)

21 - .(EP)

20 gr ~ (GR}

2.kg . (GR)

5 kg .- . (GR)
1 kg {GR)

2 kg (EP)

‘3 kg - AGR) -
~1 kg - (GR)

2 kg - {(GR)

2 kg {GR)
2kg - “(GR)

4 kg (GR) o

2 kg {GR)

()

Qfgfjv



()

i

(60)
(61)
(62)
(63)
{64)
(65)
(66)
(67)

(68)

(69)

(70}

(71)
(72)
(73)
(74)
(75)
(76)
(77)
(78)

{79)

Mate;ial_ Specifications Chemical Formula Quantity
Disodiumphosphate | NazﬂPOQ 2 kg (GR)
Hydrofiuoric acid HF ..500 gr  (EP)
Perchloric acid HC10, 11 (Epj
Isopropyl alcohol C4HgO 20 1 {GR)
‘N-Hexyl alcohol CH4(CH,) ,CH,0H 201 (GR)
Iso-amylalcohol CgHy,0H 101 {GR)
VBasofphengntroline _ - 10 gr (GR)
Ortephenanthroline CqoHgN, HCL.Hy0 25 gr {GR)
Irgn aﬁmqnium Fe(NH4)2(504)2. 1 kg - (GR)
sulfate H,0 .

Aluminium nitrate AL(NO4);9H,0. 1 kg (GR)
Ammonium NH,SCN 1 kg - {GR)
thiocyangide
Potassium chloridg e Kcl 2 kg  (GP)
qumacrésol_greeﬁ Indi?:.ator.:-.,f CyqHq,Br, 058 100 g.  (GR)
Thymel blue Indicgtpr, 027H30659 " {GR)
Kaolin - 1 kg - (GR)
'_zinc (ﬁetgl) Zn 1 kg ~(GR)
Zine chloride Zn012 1 kg {GR)
tN-Indicator - 100 g (GR)
Potassium sulfate : K550, 2 kg {EP)
_Hydroxyl;mine NHZOHQHCI 2 kg -(GR)
‘hydrochloride
- Cl1-43 - ..



(80)
(81)

(82)

(83)
(84)

(85}

(86)

(87)
(88)
(89)
(90)
(91)
(92)
(93)

(94)

(95)

(86)

(97)

Material
Manganium sulfate

Potasgium iodate

‘Sodium

‘hydrogencarbonate
Sodium azide
Barium chloride

Ferric ammonium

‘sulfate

Potassium -

-thioéyanate

‘Bromothymol ‘blue

‘Caleium chloride

Barium chromate
fartaric acid
Mercuric chloride
Zinc sulfate
Iodine

Basocaproin
Zincon

Xylenol orange

Iso-propylalcohol

Specifications Chemical Formula -~ Quantity

Indicator

Indicator

- Cll-44 -

MnSO,+ . 4H20
KICy

NBNB

BaCl,.2H,0

Fe,(50,)5. (NH,).

SO, - 24H,0

KSCN

Ca7tl2gBr5055
CaCl,.Hy0

BaGro,

C,H, (OH) 5 (GOGH) 5
HgCLl,

Zns0,. THy0

I
(CHy)o(CgHg)y.

CyoHyNy

2 kg

1 kg

1 kg

500 g
ik

1kg

1 kg .

100 g
1 kg
1 kg

4 kg

1 kg

1 kg

10 g

CgHa(SO5H) (OH)N,. 10 g

OCGHS.NNﬂcéHQ(COOH)

C3H3pNyNa0; 55

(CHg4) ,CHOH

(EP)
~ (GR)

(EP)

(6R)

(EP)

(EP)

(EP)

(GR)

(EP)
“(GR)
(GR)
“(6R)
(EP)
(GR)

(GR)
(GR)

{GR)

(EP)

4edod



)

)

g0y

(98)

(99)

{100)

(101)
(102)

{103)

(104)
{103)
{106)

(107)

(108)

(109}

(110)

(111)

(112)

(113)

(114)

(115)

(116)

Material

Ammonium molybdate

Sulfoesalicylic
acid
Ammonium

persulfate

Ammonium citrate

_Dimethy;glyéxime
Ammonium
nickelsulfate
Siiversulfgte
Sodium ogalate
Sodium chlorate
glminium sulfate
Normal ﬁexane
Para-
phenylgndigmine
Aniline
~na§hthy1amine
Zinc (powder)
Sodiuﬁ nitrite
Xylble
Hydroperoxide

Sulfamic acid

Specifications _Chemical Formula

(NH, ) gMo5045, .
4H,0

HO,SC4zH4 (OH)GOOH.
ZHéO

(NH, ) 25,08

(NH,) ,HCgH50,

(CHB)ZCZ(NOH)Z

NiSOA(NHQ)ZSO4.
6H,0

Ag,50,

Na,C,0,

NaOCl

A12(804)3.18HZO

CeHy
NH, .CgH,NH,

CgHsNH,
CqoH7NHy

in

NaNO2

CgHy (CHz)y

Hy0y
HOSO,NH,

- Cl1-45 -

Quantity
5 kg (GR)
500 g {GR)
500 gr . (GR)
2 kg - {GR)
500 gr (GR)
500 gr {EP)
2 kg (EP) .
500 gr (GR)
500 ml (EP)
500 gr '_(EP)
10 1 (GR)
100 g {GR)
11 {EP)
500 gr {GR}
1 kg . (EP)
1 kg (EP)
10 1 (EP)
51 (EP)
25 gr (¢R)



(117)

{118)"

(119)

(120)

(121)

(122}

{123)
(124}
(125)
(126)
(127)

(128)
(129)
(130)

(131>

(132)

{133)

(134)

. Material

Methylene blue

Benzoic acid

{(for calory test)

Toluene

‘Para-rosaniline

hydrochloride

Formalin

Potassium hydrogen

phtholate

Sodium bromide

Borax

Sﬂecificatidns

Indicator‘

CgH5COOH

CgHsCHg

HCHO

. CgH,, (COOK) (COOH)

Methyl isobutyl ketone

Silver chloride
N;A;N.A.
Lanthanum (IIT)}
oxide

Magnesium oxide
FiuoresceinéNa

Sodium acetate

”(tfihydréte)

‘Indicator

Ammonium moiybolate

Sodium

hydrogensulfate

" Phenol

HaBr
CHSCOCHZCH((:Hs)2
ApCl

Lazo3
MgO

Ca0H1005Na5
CH4COONa . 3H,0

(NH4)2M004

NaHS504

CgHsOH

- Cl1-46 -

Chemical Formula

annﬁitx

100 g

200 gr

100 gr -

11

500 g

500 g

500 g
2 kg’
1 kg
C 100 g

 500°g

500 g
500 g

50b'g

4 kg

2 kg

'500 g

(GR)

(GR)

(EP)

(GR)

(EP)

“(GR)

T {GR)

(EP)

“(GR)
" (GR)
"(GR) -

eary

(GR)

(GR) *

(GR)

(6R)

(GR)

" (GR)

()

Yy



;w?~?

Material Specifications Chemical Formula Quantity

(135) Acetone | - d5306CH3 2 kg (GR)
(136) Cuprizcne | Iﬁdicator GsﬁiONNHCOGONH .10 g.
NGBy -

(137)  Triethanolamine  N(CH,CH,0H) 4 500 g (GR)

(138) D.D.C ‘Indicator (CZHSJZNCSZNQ.BHZG 10 g

(139). T.p.7.2 7 Indicator (CSHAN)3CSN3 .

(140) Nitrobenzene CﬁﬁsNoz 1 kg (EP)

(141} Sodium pefchlorate h NaCth.Hzo 1 kg ..‘.tEPS

(142) Sulfanilic acid _ N2N06H4803H 500 g (GR}

(143) 3.3’-Diﬁethyl- Indicator Cy4H16l0 10 g | -

| | benzidine

(144) Potassiﬁm | . K,Cr,04 - 500 g (Gﬁ)
dichromate o

(145) Sodium Na,P,0.10H,0 500 g.' (GR)
phrophosphate |

(146) Stronti&h cﬂloride - | SrClz.Gﬂzo 500 g: :(EP)

(147) Brucine Indicator  Cp3H,gN,0, 10 g

(148) N(l-Napfhyle) Indicator Cq oH7HNCH,CHoNH, . iOO g {GR)
ethylgnediﬁmine ZHC1 |
dihydroéhiaride

(149) N.N-Dimethyl- Indicator  C H (NH,)[N(CH;),].100 g  (GR)
p-phenylenedianine el |

(150) Calcium standard : Ca 100 g
solution |

- Cl1-47 -



(151)

{152)

(153)

(154)

(155)

(156)

{(157)

(158)

{159)

(160)

{161}

(162)

(163)

.Matefial
Gadomium‘sténdard
solution ”
Copper standard
solutioﬁ
Iron standard
solution.

Hagnesium standard

solution

ﬂanganeée‘standard
solution.- |
Sodium standard
sdiution

Zinc standard
sdiutioﬁ

Aluminium

standard solution

Vanadium standard

solﬁtion

Nickel standard
solution
Silicon.standﬁrd
golution

Lead standard
selution
Molybdenum

standard solution

Sgaéificatioﬁs 'Cheﬁidél-Formula .Quantitx

w C11-48 -

cd

Cu

Fe

Mg

Na

Zn

Al

Ni

51

Pb

Mo

100 g

100 g

100 g

100 g

100 g

100 g

100 g

100 g

100 g

joo g
100 g

100 g

100 g

-4-6&6““._

O



O

()

Lo9r

(164)

{165)

(166)

(167)

Note: GR: Guarantee reagent

EP: Extra pure reagent

- C11-49 -

Material Specifications Chemical Fo:mulg Quantity
Chromium Cr 100 g
standard solution

'Tinfsténdard 7 - Sn T 100 g
séiution

Potassium-ﬁitrate{ | kNOs.. 500 g (GR)
Sulfuric acid, fuming HZSOA.XSO3. 31 (GR)



12. REPAIR ROOM INSTRUMENTS

12.1 SCOPE OF SUPPLY

(1) The instruments and devices listed in the INSTRUMENTS LIST

shall-be'provided by the Contyactor.

(2} All required installation work and accessories shall be

' suppliéd.by the Contractor.

12.2 GENERAL INFORMATION

(1}

(2)

(3)

{4)

Applicable standards and codes

The instruments and devices shall be in conformity with the

requirements of Clause § of "Applicable Standafds and Codes®
in Part I. | |
Testing
The Contracitor shall execute the following tests and shall
submit the test results to the Owner and the Engineer.
(A) Shop test |
(e) Materrial test
(b} Dimension check and visible inspection
(c) Operation test
{B) Field test
{a) Operation test
Power source
The power source for all iﬁstrumentsrand measurement devices
shall be 220 V AC or internal battery.
All furniture and fixtures of the best quality shall be

procured”and provided locally wherever possible.

- Cl12-1 -

()

608



N,

R

(3)

(6)

(.

The Contractor shall furnish and install the items mentioned
below, énd shall design the repair room,

One (1) set ventilation fan, chgmber for hot bath shall be
installed with all necessary Pertinents,

One (1) set draining floor shall_ﬁe installed at corner:of the

room with all necessary Pertinents.

- Cl2-.2 -
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*1,

Accessories

ITEM NO; 12.3.1 (1)
1. Poinﬁer Puller
2. Hammer

3. Monkey Wrench
4. Piston Packing

5. O Ring

6. : Joint (For Pressure Gauge)

7. Weights & Weight Box

8. Setting Bolts & Nuts

1 pe

.

1 pc

1l set

2 pes (25/13)

15(P7...10) (P6...5) pcs

.

P7...10.6/6.8 P6...9.6/5.8

P

4(PF3/8...2) (PF1/4...2) pcs

1 set

-

(M16%85) b 4 sets

9. Machine 0il (Equivalent to JIS K'2238 IS0 VG46) : 130ml

~ Cl2-16 = -



*2. Accessories

ITEM NO. 12.3.1 (2)

1. Pointer Pﬁller t 1 pc
2, Hammer o i 1 pc
3. Monkey Wrench + 1 set

4, Piston Packing 2 pes (25/13)

5. O Ring 15(P7...10) (P6...5) pcs
P?...10.6/6.8 P6...9.6/5.8

3(PF3/8...2) (PF1/4...1) pes

.

6. Joint (For Pressure Gauge)

7. Weights & Weight Box . : 1 set {
8. Setting Bolts & Nuts (M6%70)  : 4 sets.
9. Machine 0il (Equivalent to JIS K 2238 IS0 V67) : 130ml
Fany
i)

- Cl2-17 -~
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*3, Accessories

ITEM WO. 12.3.1 (3)

1. Pointer Puller : 1 pc
2. Hammer t 1 pe
: 1 set

3. Monkey Wrench

4. Piston Packing

2 pes (25/13)

5. O Ring : 15(P7...10} (P6...5) pcs
P7...10.6/6.8 P6...9.6/5.8

6. Joint (For Pressuré“gange) 7 : é(PFSIS...Z) (PF114...1) pes

7. Weights & Weight Box : 1 set

8. .Setting Bolts & Nuts (M6%70) : 4 sets

9. Machine 0il (Equivalent to JIS K 2238 IS0 V67) : 130ml

- £12-18 - ¢



*4, Accessories

ITEM NO. 12.3.1 (4)

No. Name Q'ty Remarks

1 Cross screw driver 1 75 mm ﬁof # |

2 Cross screw drivéf. 1 100 mm No. 2

3 '.ﬁéx.'bar.spannér 1 M6

4 Monkey wrench 1 200 mm

5 Hammer for poin?er'r‘ 1 |

6 Pointer puller 1

7 Pécking for pressure 20 O-ring JIS B2401-P7

gauge
8 Packing for Piston 2 O-ring JIS W1516-44
9 Packing for cylinder 2 O-ring JIS W1516-49
10 Seat packing for valve 5 O-ring JIS B2401-P4
11 Packing for mercury tank 5 O-ring JIS W1516-21
(AN6230)

1z Cu pipe 6¢ | 4¢ 1 3m
13 Mercury 1 1.5 kg

- Cl2-19 - ¢
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*5.

Accessorles

ITEM NO. 12.3.1 (6)

1.

2'

Fuse ... (34)

"Qutput cable (2m)

Valve fqr pump

Diaphragm '

Vinylhose (410 x ¢6 10m)
Hose.band

Transformer (l¢ AC220V/110V 200VA)

Cable drum with concentric plug (25m)

- C12-20 -
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*6.

Accessories

Ttem ¥o. 12.3.1 (9) Maintenance tool set.

10.

11.

12,

13,

14,
15.
1se.

i7.

18.

Gear puller
Gear puller

Socket wrench .
set

Adjustable angle
wrench :

Compression tool-

Water pump plier
Pipe wrench

Hex key wrench
set

Side cutting
plier

Radio plier
Cutting nipper
Wire stripper

Precision scCrew
driver set

Tool box

1

b

- Cl2-~21 -

GL-4
GL~10

K-20
EM-100

EM-200
EM-300
AK-15
EWPH-300
EP~-250
EP-450

RA-1il0

AN-070

60350

MM-15

205-150

detail
1004 x 60W
2508 x 130W

86~ 32, 6 - 27$

100 2

1200 %

03000 8

. 1.25 - 8 m/m®

300 2
6 - 25 m/m

-15 - 50 m/m

©1.5 -.10¢

1.64 - 7j32°

185 2

125 £
150 %
2.6 - 5¢

0.9 - 3»5 m’m

450Wx240Dx330H

TS
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*7.

Accessories

ITEM NO. 12.3.1 (14}

1. Recording paper (2-fold chard): 2100 sets

2. Pen céfﬁridge (reﬁ, gfeeh. ﬁlue,:browp; blag#, purple._orange.

- violet, sky blue): 3 pcs each

3. Lubricating oil s 1 bottle.
4. Dust cover t 1 pc

5. Power cord (3-prong type) BT ) set'-
6. Fusé t 2 pes

7. Ribbon caset s t 5 pes

- C12-22 -



13. TRUCK CRANE

13.1 SCOPE OF SUPPLY
One (1) set of truck cféﬁe shall be furnished. The tr;ck crane
shall inciudé'épéﬁiai‘and sﬁéndéfd.téoi”ééts;.sﬁafé parfs aﬁd all

required accessories.

13.2 GENERAL INFORMATION

13.2.1 APPLICABLE STANDARDS AND CODES
The truck crane shall be designed and manufactured in
accordance with the requirements of Clause 6 of "Applicable

Standards and Codes® in Part I.

13.2.2 DESIGN DATA

{1) Crane
(a} Type ‘Fully-hydraulic truck
crane
(b). Number One (1) set
{c) Maximum rated A?prox. 40 metric ton x 3.0 m
lifting c;pacity
(d) Boom length | _ Approx. 11 m - 35 m

(4 sections)

{e} Jib length Approx. 9 m -~ 16 m
(2 sections)

(£) Boom derricking angle Approx. -2° - 80°

- C13-1 -
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{2)

Carrier .
(a) Type o . 4 éycle.iwatEr cooled,
diesel engine

(b) Maximum traveling 65 km/h or more

speead

{¢) Maximun output " ... . Approx. 315 ps/2,300 rpm
hdfsepower

(d) Maximum output Approx. 105 kg.m/1,400 rpm
torque

13.3 TECHNICAL INFORMATION

(1)

(2)

The truck crane shall be designed in conformity with Clause 9
of "DESIGN CONDITONS"ln Part I, and shall be sultable for all

weather 0utdoor gervice.

The boom derricking speed of crane shall be of the "high and

"1ow“ two speed type.

(3)

(4)

(5)

The hoisting and 1owering.£6;kVspée&sﬁof”ﬁaiﬁ ;n& auxiiigry
shall be of the "high and low" two speed type. |

The oil reservoir capacity for the crane shall be 600 llters
or more.

The crane cab shall be of all stéel and welded constructdon.

- C18-2 - .. .



(6)

(7)

(8)
(9}

(10)

All

safety devices for the crane shall be provided;ubut'these

shall not be limited to the following items.

{a)
(b)
()
(d)

- {e)

(£}
(g)
(h)
(1)

The

The
The

The

Automatic crane stopper

Outrigger_lock-device

Boom derricking safety device

Boom reﬁ:acting and extending safety device

Over winding alarm device

Boom angle indicat@r

Hydraulic circuit safety valve

Drum turning indicator

Drum lock device

éaffiéf sh&ii.havé foﬁt ka{ wﬁeel sﬁafﬁé.
gradeabllity (tan e) of carrier shall be zsz or more.
minimum turning radius of carrier shall be 13 m or less,

carrier shall be prov1ded w1th but not limited to, the

following systems and eguipment.

{a)
(b)

{c)

(d)

" (e)

(£)

Clutch sjétem

Transmiséiﬁnrsyéteﬁ

-Axlés :

Steerlng system (right sxde)

Suspensmon

Brake system (service brake, parking brake, auxiliary
brake) .

Electric system

Battery

Fuel tank (300 liters or more)

outrigger (hydraulically operated)

- C13-3 -
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(11)

(12)

(13)

(16)

(15)

(16)

The driver's cab of the carrier shall he of all steel and
welded construction. o 7

The recommended spare parts for truck crane shail be
prdvided. ﬁﬁﬁ ﬁhe total'pfice of‘spafe pﬁrtg shﬁli not be

mbre than 102 of the cost of'the truck crane.

‘Special tools and standard tool sets for truck crane shall be
provided.
'Tiﬁining for the truck crane operator shall be carried out by

the Contractor.

The Owner’s name and symbol shall be indicated on the

~driver's cab of the carrier and on the crane boom.

‘The Contractor shall submit the catalog specifications and

recommended spare parts list for truck crane to the Owmner

and the Engineer for approval.

- C13-4 -



14, FORK LIFT AND STEPLADDER

14.1 SCOPE OF SUPPLY

The Ccntractor shall provide one (1) set of fork lift truck and

one (

and standard tool sets, spare parts and all requlred accessories.

The s

operation platform at the ladder tDp.

1) set of stepladder. The fork 1ift truck shall include special

tepladder shall be of portable With four casters and

be extendable by hand operation.

14.2 GENERAL INFORMATION

14,2.1 APPLICABLE STANDARDS: AND CODES

14.2.2

1.

.The- fork lift truck shall be designed and manufactured in

acccrdance with the requirements of Clause & of *Applicable

Standards and Codes” in Part I.-

DESIGN DATA

FORK LIFT

(1)
(2)
(3)
(4)
(3)

(6)
{7)

(8)

Type

Number

éapacity

Lifting height
Tilting'angie
(forward-backward)

Fork length

Lateral fork édjustment
{outside of forks)

Turning radius

Gounter-bslance type

One (1) set

5,000 kg at 610 mm load center
3,000 mm

3% . 10°

1,200 mm

300 mm ~ 1,450 mm

3,400 mm

- Cl4-1 -
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(8)

Drive unit

- (a) ‘Type - 4 gycle, water cooled diesel

“engine
{b) Displacement 4.0 liters minimum
(c) ~Rated output -60 HPf2,150 rpm, or
equivalent -

2. STEPLADDER

(1)
(2)
(3)
(4)
{5

(6)

Type Portable type

Number : One (1) set
Carrying capacity 100:kg
Heigﬁt kmﬁxiﬁum): o :5.500 mm
Héigh; (minimuﬁ) o 2,300 Tm

Weight Approx. 150 kg

14.3 TECHNICAL INFORMATION

14.3.1 OPERATION EQUIPMENTS

SRy

(2)
(3)

(4)
(3
(6)
(7

(8)

Maximum: lifting capacity of the truck with side shift

carriage shall be 5,000 kg or more at ‘610 mm ‘load center.
Maximum lifting height shﬁll“be'B,OOO ﬁm or more,

Maximum lifting speed with rated 1oad-§hallfbe 265 mm/sec
or more.

Maximum free lifting speed shall be 300 mm/sec or more.
Maximum forward traveling speed shall be 20 km/h or more,
Stéering outer turning radius shall be 3,400 mm or less.
Maximum drawbar pull with.rated load shall be 4,200 kg.

Overall enclosed mast height shall be 2,600 mm or less.

~ Cl4-2 -



14,3,2 POWER UNIT

14.3.3

14.3.4

14.3.5

(1) The fork lift truck shall be powered by one heavy duty
industrial diesel engine of a reputable manufacturer, and
shall be a coﬁpletely new model.

(2) The diesel engine shall have a capacity of 60 horsepower or
more at 2,150 rpm under-site conditions.

(3) The engine shall be provided with an oil bath type air

cleaner.

TRANSMISSION SYSTEM

. L T N\
The transmission system shall be of the heavy duty torque {wf

converter and poﬁershift”of hydraulic typé. N

STEERING SYSTEM

The-steering system shall be of the power hydraulic type.

BRAKE SYSTEM
" (1) Service brake shall be of the -hydraulic internal expansion,

front wheel braked type.
(2) Parking brake shall be of  the mechanical, external
. contraction propeller shaft braked type. . o T (”}

- Cl4-3 -
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14.3.6

14.3.7

14.3.8

14.3.9

ELECTRICAL SYSTEM AND GAUGES

All electrical systems and gauges shall be provided, but these

shall not be limited to the following items. -

(1)
(2)

(3) .

(4)
(3
(6)
(7).
(8)
(")

MAST
(1)
(2)
(3)
(&)

Engine hour meter

Speedometer (inéluding odometer)

Fuel gauge .
Ampere meter

Horn

Temperature gauge for engine coolant

'Temperature warning light

for transmission

Pressure warning light for engine oil

Heavy duty 12 volt battery

AND CARRIAGE SYSTEM
Type of mast

Type of carriage

Fork length

Headlights

PROTECTIVE OVERHEAD GUARD

Heavy duty protective overhead

shall be provided.

WHEELS AND TIRES

(1)

(2)

The fork lift truck shall
and two (2) wheels in the

The tires shall be of the

- Clb-4 -

Three (3) stages
Side shift
1,220 mm

As required

guard with weatherproof covering

have four (4) wheels in the front
rear.

heavy duty pneumatic type.



14.3.10 PAINTING

14.3.11

(1) Painting shall be as follows.
(a) One (1) coat of anticorrosive primer
(b) One (1) coat of undercoat
{c) One (1) f£inish coat
(2) The color of finish paint and marking will be decided by

the Owner at a later date.

SPECIAL TOOLS AND STANDARD TOOL SETS
The Contractor shall provide ﬁhg special toels and standard

tool sets for the fork lifﬁ trﬁck.

- C14-5 -
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15, MACHINE SHOP EQUIPMENT
15.1 SCOPE OF SUPPLY
The machine shoﬁ éqﬁipmént sh;ii bé'pfovided the foiloﬁ;ng equipment,
(1) Welding machine
(2) Lathe o
(3) Grinder
(4) Driil-pfgsseé
(5) ‘Welding bench
(6) Hydraulic press
f?);‘Sawing-ﬁaéhine
{8) Threading machine
..(9) Work bencﬁes |
(10) vises
(11) Chain block with gear trolley
J{iéj Cdﬁfrolnbbxés' o -
(13)‘.?6Qnaa£ion béiﬁs. huéé, ;ieéves;.eic;
(14) 'Cabléé_aﬁd wire R
(15) ?éihti;g-' '
(16) Specihl t;;isréﬁd stéﬁdéfd todi‘éegs”
15.2 GENERAL INFORMATION
15.2.1 APPLICABLE STANDARDS AND CODES
The machine shop equipment shall be designed énﬁ cqnstructed in
accordance with the fequi?emeﬁts of Clause 6 of "Applicable

Standards and Codes™ in Part I.

- G15-1 =



15.2.2 QUTLINE
(1) The machine shop will be located in tﬁe“adminiseeatiee :T
building. The following items shall be proﬁided by“the:
Gehtractdr. .' - | | |
{a) Setting of anchor bolts and groqtiﬁg‘for eqﬁipment ie the
machine shop,. |
(b) Supply and installation of power source cablee. conduits
and grounding wire from main bullding to the machlne shop
equipment. | |
(¢) Supply and installation of power dieeeieueien“pepe;:for {*}
machine shop equipment. - ”
(d) Supply and installation of cablee conﬁuige end.groueeing
wire for power distribution panel for machine shep
equipment. |
(2) The Construction works for the machlne shop equepment shall be
completed at least 3 months before the taking over date.-
(3) Monorail and related facillt;ee w111 be prov;ded. H
(4) The foundation for machine sﬁop equipment.eiil.belﬁrevided.
The Contractor shall submlt thp necessary draw;ngs for the

()

de51gn of machine foundatlons to the Engineer. ' -

15.2.3 DESIGN DATA

{1) Welding machine

(a) Type | | | ..AC afc ééidef

{b) Numbef‘ S Two (2) sets

(c) Amper 225 A

{d) Accessories Power cables, holders, grouﬁd

clamps, head shild, eye mask, etc.

- C15-2 - - -
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2 |

(2)

(3)

(4)

(3)

(6)

Welding machine

(a) Type

(b} Number

(c) Amper

{d) Diesel engine
(e) Accessories
Lathe,

(a) Type

(b) Number

{c) Swing over bed
(d) Accessories
Lathe -

(a) Type

(b) Number

(¢c) Swing over bedi
(d) Acce#soriés
Grinder

(a) Type

fﬁ) -ﬁumber

(c) Wheel diameter

(d) VAccessgries
Grinder .
(a) Type -

(b) Number

(c) Wheel diameter

(d)

Accessories

- C15-3 =~

Portable diesel engine welder
One (1) set

DC 200 A

Water cooled, cell motor type
Power cables, holders, ground

clamp, head shield, eye mask, etc.'

JIS§ Center distance 5100
One (1) set
1,000 mm

One (1) set

JIS Center distance 1500
One (1) set
560 mm

One (1) set

Pedestal grinder
One (1) set
300 mm

Safety eye shield, etc.

Bench grinder
One (1) set
250 mm

Safety eye shield, ete.



(7)

(8).

(9

(10)

(11)

Drill press

(a) Type -

{b) Number

{c) Accessories .
Drill press

(&) Type. .

(b) Ngmbef

{c) Accessories

Press
{(a) Type
{(b) Number

{(c) Capacity

(d) Accessories

Sawing machine.r
{(a). Type

{b) Number
Threading machine

(z) Type' .

(b) Number

{c)} Thread

{(d) Pipe threading
attachment

(e) Accessories

- C1l5-4 -

JIS Floor model 540 single spindle
One (1) set

One (1) set IR .

JIS Radial model 1380 single spindle
One (1) set

One (1) set

Hydraulic (oil pump) type

One (1) set

§0 ton

Adjustable table, pressure gauge,
self locking table hoist, two

table plates, two V-blocks flat
ram nose, etc.

JIS 300 mm cutting

One {1) set

Portable, power.bﬁefated
One (1) set

8 - 50 mm bolt

4 - 50 mmﬂﬁiﬁé:

65 - 150 mm pipe

One (1) set

e

()
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(12)

{13)

(14)

(15)

Vise
{a) = Type
~(b) Number

(c} Accessories

~HWork bench
(a) Type
(b} Number

(c) Dimension
Welding. bench
(a) Type

(b}  Number , .

-{e) Dimension

Tools

(a).  Cutting too;s

{b) Die and die studk
(c} Sqtew tap: |

{d) Twist drill

- {2} Reamers

(f) File

(g) Grindstone

£ 150 mm wide

Three (3) sets

Replaceable jaws

Steel
Two (2) sets"

l.8m x 0.9m x

- Steal

One (1) set

1.8m x 0.9m x

- One
“‘One
One
. One
" One
One

One

0.85m height

0.85m height

(1) set
(1) set
(1) set
(1) set
(1) set
(1) set

(1) set

. E\??'_;}' : o

(h) Other tools required for utilization above machines

- C15-5 -



15.3 TECHNICAL INFORMATION

(1)
(2)

(3}

(4)

(5)

(6)

(7)

(8)

All equipment shall be furnished with complete accessories.
All equipment shall be furnished with drive motor, motor starter

and starting controls. -

The motors shall be in conformity with Clause 2.2 of *Electric
Motor" in Section II of Part I,

The control boxes shall be in conformity with Clause 2.1 of
“Panel -and Board" in Section IT of Part I.’

Painting shall be in conforﬁity with Clgusé'l.13'of‘*Paint1ng for

Piping and Equipment® in Section II of Part I.. - _ 7 {f

L gt

Thg Contractor shall furnish the power cables,-cbntroi cables,
cable ducts, tray$, conduits and grounding wires for the machine
shop equipment.

Further information regarding scope of works and material supply
for all item in (6) shall be.in accordarice with Clause 10 of
BScope.of Electrical Works® in Section V of Part II. =

Speciai tools and’ standard tool sets

The Contractor shall provide the special tools and standard tool
sets including items specified in Clause 15.1 (16) for the
machine shop equipment.

The Contractor shall submit tool 1ist to the Epgiﬁeer'for

approval,

- C15-6 -
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16.

16.1

SPARE PARTS FOR ANCILLARY SYSTEM AND COMMON AUXILIARY EQUIPMENT

The Contractor shall'provide the following mandatory spare parts

for common suxiliary equipment. Tn addition, the Contractor shall

propose the recommended spare parts for the common auxiliary

equipment as stated in Clause PA.1l4 of "Spare Parts" in Section IV

of Volume 1.

SPARE PARTS FOR UNIT 1

(1) House boiler

(2)
(b)
(c)

{e)

(£)

(3
(k)
(1)

(m)
e

(o)

(p)

Tube

Packiné for boiler inspection door
Glass for boiler inspection door
IPaCEing for drum manhole

Spring for safety valve

Gland packing, gasket, etc., for

‘valve

- Valve

Diaphragm for control valve .
Bearing and mechanical seal for

fuel oil pump

KBearing for feedwater pump

Gland packing for feedwater pump

"Gas burner gun and igniter -
Réiays
Lamp for operation and annunciator .-

_Trahsmitter

Control switch

- Cl6-1 =

Number of spare

3% of each size
2002
2002
2007
1002

1 set each size

1 set each valve
1 set each. size

2 sets each

1 set
-1 set
3 sets
1 set each
302
1 set each

1l set each



Number of part
{2} Turbine room overhead crane

(a). Brush and holder for motor . .- 1007 each
(b}..Biake lining for main and auxiliary 1002 each
“hoist .. . S | , | ».:_ : .y
‘{cy Coil for”magnet;c brake - .. : _ 1002 -
{(d) Main contactor tip fo? controller 1002
{e) Wire rope (for main hoist and 1007 each

auxiliary hoist)
(£) Fuse. 1002
. (g)> Indicator lamp - 2002

(3) Water pretreatment system

(a) . Bearing for all pumps . _ _ 1 get each

(b} . Gland packing for all pumps o :1 Set_eaeh_

{c) Shaft sleeve for all pumps . S N set'each
~{d} -Level switch . .. .. 1 set each

(e) Level gauge | 2002

(£} Diaphragm for control valve 1 set each size

(g) 6Gland packing, gasket,-étc. _ 1 set each size

for valve

(h) Solenoid valve N o § pieces

(i) Relay . : T .4 _ 1 3e§

(3§} éauge glass S : . 1 set each

(k) Lamp for opération and annunciator - ooz

(1y Control'switch. | - 1'set each

(m} -Standard spare parts for transmitter and controller 1 set.

- C16-2 -
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(4)

(3)

Filter equipment

(a}).
(b

(c)
(d)

(e)

(£)

(2)

(h}
(1)

N

(k)
(1)
{m)

Bearing for back wash water pump

Gauge glass

Diaphragm for control valve

.8olenoid wvalve

Filter element for fiiter

Gland packing, gasket, etc. for

valve

Relay

Lamp for operation and annunciator

Pressure switch for flow switch

Control switch
Transmittey

- Control switch

Gland packing for back wash water ‘pump

Drinking water equipment

(a)

(b)

{c) .
(d).

(e)
(£)
(g)
(h)

Gauge glass

Diaphragm for control valve

Solenoid valve

.valve

‘Relay-_

Lamp for operation and annunciator

:Mercury switch for flow switch

control switch

Gland. packing, gasket, etc. for.

- C16-3 -

Number of part

1 set
1 set

1 set each

"2 sets each size

5 pieces

- 200Z

‘1 set each size

1 set "
502

-1 set -
1 set
1 set

1. set

each 1 set

_each size 1 set
-5 pleces

- each size 1 set

1 set
‘502
1 set

1 sget



(6)

(7)

(1) Drinking water pump
‘(i) Bearing for pump
(1i) Gland packing for pump

(iii)_ Shaft sleeve for pump

‘Raw water tank

(a) Packing for manhole

(b) Diaphragm for level control valve

- {¢) - Gland packing, gasket, etc, for

valwve
(d) - Standard spare parts for level
transmitter
(e} Raw water pump and motor
(1) Bearing for pump
(ii). Gland packing for pump
{iii) Shaft sleeve for pump
Water treatment system

(a) .Exchange resin (cation and anion)

~{b): Bearing for all pump

(c) Gland packing for all pump

(d)} Diaphragm for diaphragm valve

{e) Diaphragm valve

(f) Gauge glass of chemical tank and
inspection hole of tower

(g) Gland packing, gasket, etc;:fdr '
valve

fh) Solenoid wvalve

{i) Relay

- C16-4 -

Number of spare

1 set
-1 set

1set

1 set:

1 set

"1 set each size

“1 set

1 set
.1 set

-1 oset

507 each

1 set each

1 set esdch '

‘5 pieces  each size

1 set each size

"1 get each -’

»..-1 get edch size

5 pieces

1 set

"wu\?:
s
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b=y

(8)

(9)

R

(k)
(1}

(m}

{n)
(o)
(p)
(q)

~{a)

(b)

(e}

(d)

(&)

Lamp for operation and annunciator
Recording charts, pens, ink, ete.

Pressure switches, flow switches

and level switches

.Standard spare parts for transmitter.
and controller
Contfdl switch

Rascing ring

--Standard spare parts for silica meter -

< Mini-pump for silica meter

- Demineralized water tank

Pécking for manhole

Diaphragm for level control valve
‘Gland packing, gasket, etc. for
valve

Standard spare parts for level

transmitter

Number of spare
502
for one year

1 set each

1 set

- 1 set
501
2 sets

-5 complete séts
1002

1 set

‘1l set each size

1 set

Demineralized water transfer pump and motor

{i) Bearing for pump

(ii) Gland packing for pump

(iii) ~Shaft sleeve for pump

Fire protection system

1'set
1 set

1 set

(A) -Diesel and Motor driven-emergency fresh water fire pump

{(a) Piston ring for engine
{b) 0 ring for engine -

{c) Fuel iﬂjection valve

- (d) Inlet valve assembly

- €16-5 -

1l complete set
1 complete set
2 pieces

2 complete sets



(10)

(e)
—A£)
(g)
(h)

(1)

(B) Air
- {a)

(b)

(o)

(d)

(e)

(£)

Number of spare

Exhaust valve agsembly - - 2 complete sets
Bearing for pump = . 1 complete set
Gland packing for pump : S 1 set
Shaft sleeve for pump. T u. 1 éet
Gauge glass for fuel oil tank .. 1 get

foam concentrate injection equipment

Pressure proportioner -1 complete set
Pressure switch - 1l set
Transmitter . ‘ .. . 1lget
Strainer . . S | 1 complete set
Valve , _ 1 set each size
Packing for manhole SRR 1 set each size

{(C) Piping and valve

(a)

(b):

Gland packing, gasket, etc. .1 set each size
for valve
Solencid valve - e ‘1 complete set

(D) Control panel, fire protection panel, gas alarm panel and

instrumentation

{(a) Lamp for Operatioﬁ and annunciator 502
{(b) Pressure switch . . ) ... - 1 set
{c) Relay : - 1 'set each’
(d) Transmitter _ S l'éet-each
(e) Control switch and push button = ‘1rset each

Intake screen.

(a)

(b)
(c)

Shear pin for traveling screem = 16 pieces

Conduction chain S - 2 .sets

Roller chain for traveling scfeen . 2 sets |
- Cl6-6 -
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(11

(12)

(13)

(£) Lamp for operation and annunciator

(d) Bearing and seal for wash pump
(¢) Gland packing, gasket, etc.

for valve

(g) Relay

(h) Contrel switch

Heavy o0il suction heater

(a)
(b) -

Tube of heavy fuel oil suction heater

Gasket

Heavy oil transfer pump

(a)
(b)
(c)
(d)
(e)

(£)
()
(h)
Fuel

(a)

(b)

Bearing for pﬁmp

Gland packing for pump

Percolate eélement of strainer
Diaphragm for pressure control valve
Gland packing, gasket, etc. for

valve

" Lamp for-operation and annunciator

Pressure switch

Control switch
0il and natural gas piping
Gland packing for valve

Valve

- Cl6-7 -

Number of spare
1 set

each size 1 set

302
1 set

l'set

52

1002

1 complete set
"1 complete set
1 sét
-1 set

1 set

T 502
1 set

1l set

1 set each size

1 set each size



(14)

(15)

Drainage and waste water treatment system

(8)

(b}
(c)
(d)
(e)

- (£)

(8)
(h)
(i)
(j)
(k}
(1)
{m)
(n)

(o)

Bearing for all pumps and

blowers

Gland packing for all pumps
Diaphragm for coﬁtrol valve
Diaphragm for chemical feed pumps
Gland packing. gasket, "0O" ring,
etc. for valve

Gauge glass for chemical tank

Lamp for operation and annunicator
Relays o

Control switch

Solenoid valve

Recording chart, pens, ink, etc..
KC1 for pH meter
Standard spare parts for analyzer

pH electrode

Fuse

Chlorination system

(a)

(b)

Bearing, gland packing for
all pumps and shaft sleeve
Gland packing, gasket, etc. for

valve

-~ C16-8 -

Number of spare

1 set each

1 set each
1 get each

1 set each

.1 set each

1 set each
501

1l set each
1 set

1 set

size

size
size

size

size

size

1 year -

1.kg

1 set

electrode

200Z
i éet each

1 set each

-5 pieces each

size

oy
R
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(c)
(d)
(e}
(£)

(g)

Inner parts for strainer

Fuse

Lamp for operation and annunicator
Gauge glass for injgction flow meter

Pressure switches, flow switches

. and level'switches

(h)
(i),
)
(k)
{16) Yard
(a)
(b)

(c)

(d) .
(e).
(£)
(g)
(h)
(1)
(H

Relays

Electrode

Rectifier element

Solenoid valve

instrument air system

Wrist pin bushing

Pair of crane pin bearing shells

Pair of connecting rod bolts

~and nuts

Complete valve assembly for cylinder

-Piston ring

Packing ring
Gasket and O ring

v belt

. Filter cartridge

Gland packing pasket for valve

(17) Laboratory

(A) Spectrophotometer
(a) W lamp
(b) Dy lamp
- Cl6-9 -

“egod

Number of spare
1 set
1002
1002
2 sets

1l set

-1 set each”
2 sets
1 set

5 pieces each size

1 set
1 set

© 1 set

‘1l set
1 set
-1 set’
1 set
1 set
50%

501

5 pieces

5 pieces



{c) Filters
{d) Tungsten lamp
{e) _Staﬁdard spare parts
{B). pH meter
{a) pH electrodes
{b) S3tandard spare parts
(C) Conductivity water
.(a) Standard celi‘(Knl.O)
{K=0.1)
(K=10)
(b) Standard spare parts
(D) Drying oven
{a) Heating element
{E) . Muffle furnace
{(a) Heating element
" {b) -Standard spare parts
{c)} Thermocouple
(F) -Maghetic stirrer
(a) Standard spare parts
{(G) Water bath
(a) Standard spare parts
{ii) Shaker
{(a) Bottle holder
(b} Standard spare parts
(I) Demineralizer
{a) Cation and anion resin

{b) Standard spare parts

- C16-10 -

~ Number

of spare

2 pisces each

5

1

pieces

set

sets’

set

sets

sets

e
P
l‘”.-«

sets’

set’

‘set ¢

set
set -

sets

()

set

set

“gets

et

-100%

1 .

set

e
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4537

{J) Jar test apparatus
(a) Glass parts
{b) Lamp
(K) Indigo carmine apparatus
(&) Glass parts
(b) Standard spare parts
{L) Calorimeter
{a) Combustion capsules
(by Fuse wire
(¢) Sealing rings
(ﬁi .Drivé belts
(e} Valve seats
. (M) Pour points bath
(a) Standard test jar
{b) Cock ring gaskets for test jar
{c} Cock discs for test bath pockets
(N) _Flashpoin£ testers
(a) Thermometer
(b) Probe plug and socket
(c)'_Flexible drive
{d) Gas tube
{0} ,H9t plates
(g) Heating element

(b) sStandard spare patrts

- C16-11 --

Number of spare

1l set

5 pieces

©1 set

1 set

10 pieces
4 cards
2002

2001

2 sets

6 pieces
6 Pkts

6 Pkts

2 sets
1 set
1 set

10 m

1 set each

1 set



(P} Centfifuge
(a) Centrifuge tubes
(b) Standard spare parts
(Q) ORSAT Apparatus
(a} Glass parts (Complete set)
fb) Pipettes
{(¢) Rubber expansion bag
{d) Burettes
(R).HSulfur content apparatus
(a) Heating element
{b) Quartz tube

(8) Atomic absorption flame spectro
photometer

(a} Hollow cathodic lamp
(B) ‘Filter
(c) 'Recorder chart
(T) .ﬁOx. 50x, 0, analyzer
{a) Gas sampler
(B) Scrubber
{(c) Gonverﬁer
{d) Standard gas
. (18) Fork lift
{a) Bearing
(b). 0il sesl
A{c) Hése
{d} O ring

{(e) Packing

- C16-12 -

Humber of spare

. 10 pieces

1 set

2 sets
2 sets
2 sets

2 sets

4 sets

2 sets

1 set each
1 set

.1 year

”-i compléete set
2 sets
)

2 sets

1 set each

‘1 set
”1 set )

1 set
1 set

1 set

R aoys
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4537

(18}

(£)

Tires .

Truck crane

(a)
(b)
(c)
(d)
(e)
(£)

Bearing
0il seal
Hose. .

0 ring

‘Packing

Tires

- C16-13 -

Number of spare

1002

1 set
1 set
1l set -
1 set
1 set

1002



16.2 SPARE PARTS FOR UNIT 2

(1)

(2)

(3)

Drainage and waste water treatment gystem

(a)

{b)
(c)
{d)

(e)
(£)
(g)
(h)
(1)
(1
(k)
(1)

(m)
Fuel
(a)
(b)
Fire

(A)

Bearing for all pumps and
blowers

Gland packing for sll pumps

‘Diaphragm for control valve

Gland packing, gasket, "0" ring,
etc., for walve

Lamp fur“operation and annunicator
Relays

Control switch

Solencld wvalve

Recording chart, pens, ink, etc.
KCi for pH meter

Standard spare parts for analyzer

pH electrode

Fuse

oil and natural gas piping

Gland pécking for valve

Valve

protection system

Piping and valve

(a) Gland packing, gasket, etc.
for valve

{(b) Solenoid valve

-~ G16-14 -

Number of spare

1 set each size

1 set each size
1 set each size

1 set each size

501
1 set each
1 set
1l set
1 yeﬁr
1 kg
1 set

5 pieﬁes gach

‘electrode

2007

1 set each size

1 set each size

1 éet each size

1 éomplete set

P



Q)

()

e o

(B)

(4)

(3)

Rumber of spare

Control panel, fire protection panel, gas alarm panel and

instrumentation

(a)
(b)

(c)y

{(d)
(e)

Lamp for operation and annunciator

Pressure switch

‘Relay ' i
Transmitter 1
Control switch and push button 1

Intake screen

(a)
()

(c)

(dy

(e)

(£)
{g)

{h}

Shear pin for traveling screen 1
Conduction chain

Roller chain for traveling_screen
Bearing and seal for wash pump
Gland packing, gasket, etc.

for valve

Lamp for operatinn and annunciator
Relay

Control switch

Chlorination system

(a)

(b}

{c)

(4}

(e)
(f)

(8)

Bearing, gland packing for 1l
all puﬁps and shaft sleeve

Gland packing, gasket, etc. for 1
valve |

Inner paits for strainer

Fuse

Lamp forroperation and annunicator
Gauge pglass for injection flow meter

Pressure switches, flow switches

- C16-15 - -

502

1 set
set each’
set each

set each

6 pieces
2 sets
'2 sets
1 set

each size 1 set

502
1 set

1 set

set each

set each size

1 set
1002
1002
2 sets

1 set



(h)
(1)
(3
(k)

and level switches
Relays

Electrode
Rectifier element

Solenoid valve

- C16-16 -

Number of spare

1 set each
2 sets .
1 set

5 pieces each size

8
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1. GENERATOR EQUIPMENT

1.1 GENERATOR EXCITATION EQUIPMENT AND ACCESSORIES

1.1.1 APPLICABLE STANDARDS AND CODES

The following standards and codes of latest edition shall be

applied..

International Electrotechnical Commission'(IEC)

34

Rotating electrical machines.

34-1(1983)Part 1: Rating and performance.

34-2(1972)Part2: Methods for determining lossed and efficiency
of rotating electrical machinery from tests (excludlng machlnes

for traction vehieles)s

34-2A(1974) First supplement: Measurement of losses by the
calorimetric method

34 3(1968)* Part 3: Ratxngs and characterlstlcs of three-phase,
50 Hz turblne ~-type machines.

34-4(1985) Part -4: Methods for determining synchronous machine
quantities from test.

34- 5(1981) Part 5: Classification of degrees of protectlon
provided by enclosures for rotating machines.

34-6(1969) Part 6: Methods of cooling rotating machinery.

34-.7(1972) Part 7: Symbols -for types of construction and

. mounting arrangements of rotatlng electrical machinery.

34-8(1972) Part 8: Termlnal markings and d1rect10n of rotatlon
of rotating machines: :

34-9(1972) Part 9: Noise limits. .
16 pp. Fr §. 22.~- (First edltlon)

34-10(1975) Part 10: Conventlons for descrlptlon of synchronous
machines.

- E01-1 -



Other pertient International Electrotechnical Commission (IEC)
standard, or equivalent shall be applied for electrical ﬁachine:ies

and apparatuses.

1.1.2 SCOPE OF SUPPLY -
The generating unit and guxiliary equipment shall include;*bﬁt'
not be limited to the following equipmgnt with complete
accessories.
For Unit No.l

One (1) set - Generator with Accessories.

ey

‘One (1) set ;'Exéitér.witﬁiéhcesééiies;; im}
One (1) set - Hydrogen.Gas_Supplying-ﬁnit_'
One (1) set - Hydrogen Gas Generator an&tspérégg Tank with
hccessoriss oo
One (1) set - Carbon Dioxide Supply Equipment.
One (1) set - Seal 01l unit .
Fof:Uhit'No:ZV | ST
One (1) set - Generator with Acceésories
Ong (1) set -.Exéitgr with‘Acgesspries-
One (1)¢§ét-- H§drogeh éas éué?iying.Unii..mi.; - :t {*}

One (1) set - Carbon bidﬁiae Supply Equipment -
One (1) set - Seal 0il unit
1.1.3 TECHNICAL INFORMATION FOR GﬁNERATbﬁ |
1.1.3.1 GENERAL R
The generator should be directly coupled with the_steam

turbine.

Generator set will operate at continuous rated out put of 200
MW. Generator shall be capable of parallel operation with

the system and other unit.

- E0l-2 -
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1.1.3.2

1.1.3.3

1.1.3.%

TYPE

Thres-phase alternating synchronous generator, turbine direct

connected, horizontal, cylindrical, rotating field type.

pfobf.
COOLING SYSTEM
Stator Winding

Rotor Winding

RATING
Class of Rating
Capaciﬁy

Hydrogen Gas Pressure

‘Power Factor

Voltage
current
Frequency . .
Phase

Pole

Connection

Spééd

Field Voltage

Field Current
Insulation Class
féﬁ;tof Qﬂd Rgtdr):

Short Circuit Ratio

. Indoor use,.totally enclosed, pressure-proof, explosion

Hz'gas cooled

Hy, gas cooled

6oﬁtinuous
isd;obo kva

*  kglcm'g
0.8 (1aggihg)
15.0 - 21 kv

, 'kA'”

.50 Hz

-3

2

Wye (neutral pbint.shall'bé con-

~ nected to neutral grounded

.transfofﬁérf-
3,000 RBM -
..*_ vﬂ

* A

‘ F'(Temp. E rize) 6r B

‘Not less than 0.5 at rated condition

- E01-3 -



1.1.3.3

Variation of Frequency +5% or less

{speed)
Variation of Voltage .  #5% or less
Simultaneous changée of Thé sum of the absolute value of the
voltage and Frequency percentage of both changes shall be
of penerator within 5%.
Overspeed Strength 1157 of rated speed for twd (2)
minutes (120X transient)
Generator Voltage Wave 10% or less
Shape o
Generator Rotation Direct coupled with turbiné
Unbalanced Current Indirect cooled rotor 10 ' Y
Direct cooled rotor 8
Temperaﬁure Rise
Hydrégen Gas Pressure . ' *kglcng
Standard Coolant Temperature * O¢

Stator Coil (by embedded thermometer method) According to

1ECS34-1
"Rotor Coil (by resistance method) Ditto
Collector Ring (by thermometer method) Ditto

GENERATOR CAPABILITY . , o : )
The wigﬁétand capaciﬁf égainst sﬁort time overcurreﬁﬁ' | : | {—}
shall be in aécgfdﬁnce.with”IEC~34~l.

When a negative phase éédugnce current occurs, the genergtq;
shall be able to withstand wiﬁhout damage in accordance w}th
IEC-34-1, h |

The generator shal; be capable of operatiﬂg at ra%gﬁ active
load over the bower.fé;tor rénge 0.8 1aggipg t0 df9§7;§é3§ng
without loss of stabilify agd con;rol'under ail:oper;;;oPa;:_.

conditions defined in this specification.

- E0l-4 -
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1.1.3.6 CHARACTERISTIC CURVE

The following characteristic curves shall be provided.

Short Circuit Characteristic Curve

Wo Load Curve'

Capability Curve

V Curve

1.1.3.7 GSHOP TEST

The shop tests shall be, but not limited to, the folloﬁing, and
the tests. shall be conducted in the presence of the Owner and the

Engineer.
_Construction test

Temperature test
Measurement of winding resistance

‘Measurement of each reactance
Measurement of each time constant:

Measurement.of no load saturation curve

Measurement of short circuit curve

Overspeed test
Withstand voltage test

Measurement of wave shape.

()
Meggering - .
Voltage regulaéipn test
Checking-of.phase sequence at the terminal
Megsufgment of-GDz, . S
Measurément of tan..

- Measurement of vibration.

Measurement of losses

- E0l-5 -

| _-Gt?fﬁ"



Calculation of generator constant
Calculation of‘efficiency-.z

Balancing test

.Measurement of H, gas leakage

Measurement of bearing insulation resistance

Measurement of shaft current

1.1.4 GENERATOR EQUIPMENT

1.1.4.1 STATOR FRAME CONSTRUCTION

:‘The stator frame shall be constructed of welded rolled stéel in
accordance with ASTM A 285 Grade C, or equivalent.

The stator frame shall be of welded connection,'andﬁshall”be
able to maintain sufficient H, gas tightness'and'sufficiént
strength in case of emergency explosibn;

The joints between bearing brackets, terminal housing, hydrogen
gas coolers and stator frame, etc., shall be assembled so as to
keep sufficient Hé gas tightness by means of seal compound

and adequate gaskets.

The above parts shall be convenient for maintenance, assembling
and overhauling. |

Rocked plates to be fixed to the steél'core inside the stator
frame and gas ducts shall be cunstrgcted of rolled steel in
accordance with ASTM A 283 Grade B, or equivalent.

The piping to supply hydrogen gQS'shallrbe installed at- the top
of the statof. and the piping.t§ supply céfboﬁié-dibﬁide'gaé
shall be installed at the bottom of the stator. |
Adequate manholes shall be installed at the bearing bracket

(end plate) and stator frame.

- E0l-6 =
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1.1.4.2

1.1.6.3

1.1.4.4

BEARING BRACKET

Thg bearing brackets shall be constructed of welded rolled
steel and bolted to the stator frame.

The bearing brackets on both sides of the turbine and collector
ring shall be split into top and bottom halves and shall be_of
sufficient mechanical strength

The inner end shield plates shall be Spllt into top and bottom

halves and bolted to the spr;ng bars

STATba CORE

The stator cores shall be constructed:of cold‘:olléd diréctibnal
silicon steel plate,sandwshall have liitle iron loss after -
each insulation treatment.

The stator core sh311 be supported by a sufficient number of
spring bars and attached to the stator frame, apd shall be -
constrqcted so as not to deliver magnetic hoise'ot-vibrhtion"
outside the frame.

STATOR COTL

The stator coils shall be of one turn-toil éﬁé instélied in the
slot of stator core.

The. component wire shall be of-insulated electric copper.

All component wires shall be transposed to minimize

eddyéurrent loss; circulating current; ete.

Mica or epoxy resiﬁ having & similar thermal expansiqn coef-

ficient as the stator coil shall be used for grounding’

“insulation ‘to.prevent. damage by corona effect or insulation -
breakage of coil due to thermal .effect.

The-goil;ends;shall be tightened to the end.core supporter

- E01-7 -



1.1.4.5

1.1.4.6

-shaft, 'precise inspection such as mechanical property

through bind cushions by glassfiber strings to resist heavy .
load due to short circuit,

The coil ends shall be insulation-.coated to prevent corona

. effect.
ROTOR SHAFT
The rotor shaft shall be of forged alloy steel equivalent
to ASTM.469-6573Vacuuﬁ Treated Steel Forgings for Generator
Rotor"®.

As high mechanical strength is required for the rotor

inspection, magnetic characteristic inspectioﬁféﬁd supersonic
inspection, shall be carried out.

As a countermeasure against occurrence of vibration and
eccentricity of generstor rotor due:to.combined3differénce of
coil slots and pole axis, cross slots 'shall be' installed on §he
pole axis at aﬁprOPriate intervals., |

The balancing weight groove shall be provided on the side of
the turbine end coupling. B

)

FIELD WINDING : S L .
The field winding shall be silver-copper having superior creep
characteristics, '

The laminator.of glassbase resin shall be used for insulétibn

betweeﬁ each turn coil and slot.

The.rotor shall_have-atsufficientfnuhber of'wind paséages;.and

shall be designed to maintain good cooling effect and prevent

revergse current,

The wedges shall be designed-to~reéist-large centrifugal forces

- E01-8 -~
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4¢5-7

1.1.4.7

1.1.4.8

1.1.4.9

under all service conditions.

RETAINING RING
The retaining rings shall be of non-magnetic material. The ring

shall be able to protect rotor coil ends_from large cent:ifugal

forces'andﬁprevent-leakage-flﬁx and stray load loss.

FAN BLADE
Axial fan blades shali'be inétélle& 6n both ends of the rotor

to cool the stator coil and rotor coil.

- The fan blades shall be of high strength aluminum alloy or

“alloy steel to.resist centrifugal force.

CbLLEéTOR ﬁIﬁG

The insulated collector rings of alloy steel shall be fitted to
the rotor shaft, and spiral grooves sha;l.be machined on the |
surface of the collector ring to improve the cooling effect and

brush contact.

1.1.4.10 BEARING

The bearing shall be of the self alignment type to retain good
:suppért offshaft:jsﬁfﬂéls, Aﬁdnéhallﬂbe installed with
r;dédﬁateréii paésggeé. o

0il deflectors shall be installed to prevent oil leakage.

The bearings shall be of a construétion_wﬁiph permits overhaul
-under the: fill of hydrogen gas,iﬁ_the_gtgtér{_ |

Care shall:be taken to p:evnet:oii fiushing of the bearing.
~Measure shall be taken to prevent shqft:cu:rnet of the

bearing; seal oil housing and oil deflector.
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1.1.4.11

SEAL OIL HOUSING
The generator rotor shaft shall be sealed at the beariﬂg '

bracket to maintain gas tightness and to preveht hydrogen gas

" leakage.

' The éeal'oil'mechénism shall be'constructed so as to seal the

0il between rotor shaft and sealing ring of the housing.

The seal oil ring shall be_suppo;ted so as to be free from

. shaft movement, maintain a steady oil film and preﬁent hydrogen

1.1.4.12

1.1.4.13%

gas leakage.

OIL DEFLECTOR
The oil deflector shall be installed to prevent lubricating

0il leakage from generator bearings and seal oil housings.

HYDROGEN GAS COOLER °

" The hydrééén gas cooler shall be designed so as to keep the

1.1.4.14

gas temperature within the specified value under the maximum
continuous output.

The cooling water of hydrogen gas cooler shall be taken from

.the cooling water line.

The hydrogen gas cooler shall be”conétructed so as to allow
inspection and cleaning of the cooler without the exhausting
of hydrogen gas.

GENERATOR TERMINAL

All six (6) terminals shall be made removable from the machine

and shall be available for éxternal connections.:.

The genératarrferminél housing shall be installed at the

bottom of generator stator. The términal housing shall be of

non-magnetic material to prevent overheating due to eddy

- E01-10 -
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current.
Three (3) generator bushings shall be installed on both the
line side and the neutral side., The bushings shall be able to
withstand voltége'rising of sound phases after one phase
grounding under a:salt gontaminatipn condition of 0.03'Inglcm2
when the humidity of the air around bushings is 100 Z.
The rating of gene:ator.bushing shall be as follows.

Type .. . . - Dry

Impulse withstand voltage 150 kV (full wave)

Withstand voltage 50 kv
Current ' . ' * A

Rated voltage 23 kv

1.1.5 GENERATOR ACCESSORIES

1.1.5.1

1.%.5.2

1.1.5.3

TRANION

The tranions shall be instal}ed on the generator stator to
gnable lifting of the stator:bf liftiné.deviée at the time of
initial installation. o .
The tranions shall be bolted to the geﬁérator stator so as.tu

be convenient for sssembling and removal of: the stator.

SOLE PLATE

Thersdle piﬁﬁeé Sf.ﬁild-séeei shaii.bé plaéed on ﬁhe.concréﬁe
foundation to support'tgéﬂéénéraﬁor.. B |
RESISTANCE TYPE TEMPERATURE DETECTOR (RTD)

The RTD shall be of the fiberglass strip type and installed at
the places of ségtor coil slot where the highest temperature is
expéctEd. | |

Thé»quéntifiés Of RTb-éhail be'ﬁdt leéé than twenty (20).

- BEO1-11 -



1.1.5.4

1.1.5.5

1.1.5.6

1.2.5.7

The specifications of RTD shall be 100 ohm at 0°C.

The neéessary.ﬂumﬁer of RTD shall be installed at the inlet and
outlet of hydrogen gas coolers and inside of generator to
déteqt the gas temperﬁture,-

The leads of RTD to be led out from inside the stator frame and
connected to the terminal box shall be sufficiently sealed to
prevent hydrogen gas leakage. -’

The RTD shall be connected to the recorder and computer,

RTD TERMINAL BOX
The RTD terminal box shall be installed at the side of
generator stator.

The RTD terminal box shall have sufficient space.

The specified holes for steel conduits which shall be decided at - -

the design stage by manufacturer.

VIBRATION AND TEMPERATURE DETECTOR

The vibration and teﬁperature detectors shall be installed at

both generator bearings.

COLLECTOR RING HOUSING

The collector ring hood shall be constructed of mild steel to’

cover the collector ring and brush rigging, and shall be made

lighted for convenience of maintenance.
Inspection and maintenance doors shall be installed on the
collector ring hood, and inspection windows of ‘acrylic resin-

shall be installed on the doors. -

'BRUSH RIGGING

The brush rigging shall comprise bruéhrholde:, brush rigging

~ ED1-12 -
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1.,1.5.8

1.1.5.9

.barrier. field cable terminals, inspection lamp, etc,, and

shall be installed in the collector ring hood.
The brush holder shall be of the cartridge type with & position

mark to indicate wear of collector ring brushes.

BRUSH 7

fﬁe'bfuéﬁ sh;i;:ﬁé bf higﬁ épeéd ﬁée and.medium hard,-low.
electric resistance carbén.... | | |

The brush shall be installed in the brush holder, and shall-
contgct thé;cpl1ector ring under the intended pressure.

The :equi:ed_numﬁer of carbon brushes shall be supplied so as

to meet the. rated field current.. .

BUSHING TYPE CURRENT TRANSFORMER

Bushing type current transformers shall be used for generator
instruments, relays and excitation system. o

The standard ratings, ratis and number of cores ;f &iffefént
currént transformers shall be as shown in ﬁabie.éivén Eelow.
The contractor shall however, make detailed caléulations to
determine the ratios and burden ratings most suit#ble fér

protection and metering.

For excitation

sygtem For insﬁru@eﬁﬁs Fﬁr.relaying
CT Ratio */5A e #sa
Quantity. 3 5 - | .9
Burden 40 VA  sova | 40 VA
Accuracy Class 5P20 0.2 . o 5P20

Note: The CT ratio shall be 2 minumum 11,000/54.
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1.1.5.10 GROUNDING LUG
Two (2) bronze g£ounding terminals of compression-type -each
250:mm2,.shall_ﬁe installed.at the diagonal corners of ‘the
_géneratbr stator: |
As the grounding terminals and the stator frame are of
different material, sufficient welding shall cgr;ied pﬁf; and

the'érouﬁding terminals shall not be painted.

1.1.5.11 NAME PLATE
The name plate shall be of;stainléss steel of SUS 304, and
- shall be attached at a convenient.lécation”from thg floor.
The following items shall be indicated on the name plate. "
Name
Type
Phaée
Rated output
.Rgﬁéarﬁower“factorz
éiéésrof fafing.
Frequency
Péle
Speed
Armature rated.folt;ge
Afmatﬁfe rated cﬁrrént
Field rated voltagé.
Field rafed current
Dégree of proteéﬁiéﬁ
.Cooling method

Hydrogen gas pressure

- E01-14 -
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Goblant temperature
Armature'winding-;emperature
Insglétibn_class
Manufacturing number
Date.of~mﬁnufacture.

Name of mgnufacturer

Code numbér

1.1.5.12 ACCESSORY
The flange joints shall be installed at the bottom of
generator stator to connect the pipiﬁg-of.hydrogéﬁ-gas; éarbon
dioxide.gas, seal oil, bearing oil and cooling water,
The air vent piping shall be installed at the bottom of.the
hydrogen coolers.
The sight flow indicators, thermometers, thermocouples, seal
0il pressure gauges, 0il filters and other necessary -
pertinents shall be installed at proper places on both sides
of the generator. |
Thé'genératof skirt shéli bekinégalled around the generator

stator.

1.1.5.13 SPECIAL TOOL
One (1) set of special tools for (standard) erection,

maintenance and overhauling shall be provided. .

1.1.6 TECHNICAL INFORMATION FOR EXCITATION EQUIPMENT

1.1.6.1 GENERAL_ | | o o
.Exqi£§£ioh equiﬁméﬁt ﬁéed ﬁo supply fiei&:cﬁrreﬁtuﬁo géﬁerator
field coil and an.automatié voltage regulatof dfxgup;ridg

" voltage response shall be supplied.

- E01-15 -



The automatic voltage regulator shall be eduipped with under

excitation limiter,over excitation limiter, line voltage drop

compensator, automatic follow up device, power system stabilizer

and sutomatic reactive power regulator.

The excitation equipment shall be of the static excitation.

1.1.6.2 TYPE
Type
Quantity

Installation of

Excitation Transformer

1.1.6.3 RATING
Class of Rating
Output
Voitage S

Current .

1.1.6.4 CHARACTERISTICS

Static excitation system

One (1) set/unit

Indoor
O
- Continuocus
* kW
* 7
* A

The following characteristics curves and diagrams shall be

pro&ided;

Scope of voltage adjustment w

Scope of voltage setting

{5

o

Excitation system voltage response time -

Excitation system nominal ceiling voltage -

Excitation system ceiling voltage

Biock diagram of excitation system

The excitation ceiling voltage shall be 2 times the rated

voltage.or higher,

- E01-16 -
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1,1.7 EXCITATION EQUIPMENT

1.1.7.1 EXCITATION TRANSFORMER (ETR)

The ETR shall be connected to the Isolated Phase Bus (IPB) of

the generator line terminal side to serve as the power source

for generator field circuits.

The ETR shall be designed to take into account wave form

frequency and pulsing of current and voltage due to rectifier

operation.

Type

Rating

Capacity

Class of rating

High tension voltage

Low tension voltage
Frequency
-High tension connection
Low tension connection
Angular displacement
Insulation class

Bushing type

Indoor used, dry tyupé self

-air cooling

* kva

Continuous

* kv

* v
50 Hz

*

*

%

H

Dry

(1) Construction of steel core material

For the steel core material, cecld rolled directional

silicone steel plate excellent in magnetic property shall

be provided. The exciting current loss shall be reduced,

and measures required to reduce eddy current loss and

stray load loss of the wihding shall be provided.

- 'E0117-1 -



The magnetic and mechanical connections shall be carried

out in full, and attention shall be paid to reduce no load

current and noise.
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(2)

(3)

(4)

(3)

" Construction of winding material

" For the compqneht wire, high purity electric copper shall

be applied and sufficient heat treatment shall be carried
out.

Sufficient insulation shall be applied between the

component wires. The wires shall be transposed, and

sufficient considerationrshall be given to insﬁlation
between layers and layers, between the g”r-oun'd'and winding.
In regafdxiﬁHcountefméaéufesTagéinst'Qufge ;olgége and
dynamic over voltage, intefﬁéi:poténtiai distribution of
the wiﬂding sh;.11.=l:-pé kept at a..\.mif.orlﬁ vairﬁe and

care shﬁllrﬁé.ﬁakéﬂ to pféﬁént internal potential
vibration.

insuiéiiﬁg'méterial

The transformer is of.léfge:caﬁécify dry type. Therefofe,
the'insulafing.matéria}'shéll be éiéglléhi‘in dielectric
étfenégh; cﬁfonﬁﬂptﬁuf‘#fopertf;‘hééi-bfoof property,
moisture-proof property and dust:préof pfbperty. Material
ﬁéiiﬁé lérge heat ébhddéti?ifylaﬁd”iarge mechanical
stfeﬁgth.shkli bé'applied;'énd'sﬁfficiént'attention shall

be paid to this at the time of manufactuce.

'Cobling systém

~$ushing : L
r;The“higﬁ_tensipn_side,bushing shallrbe conhected to the
‘isolated phase bus duct, and ghall be in accordance with
ri;eﬁ‘specificﬁtion._J .

- The flanges to connect the isolated phase bus duct shall

be provided.

- E0117-3 -



The bushings shall be able to Withstand the voltage rising

of sound phases after one phase grOunding with condition

of salt eontamlnation of 0 03 mglcm when the humidity of

the air around bushings is 100%.

The 1ow tens;on side of the power transformer shall have a

o constructlon which faclllted easy connection of outside

- (6)

_cables,

Accessory

(1)

: (25

_The following accessories shall be provided.

Temperature 1ndicator

The temperature indicatlon ofAthe dial type shall
be provaded to measure the temperature in the upper
part of the . 7

A bar thermometer shall be attached to enable easy

_superv151on from the floer

A temperature alarm device w1th variable adJuster and

a maxlmum temperature indlcator shall be provided for

_the indicator.
. An aleochol thermometer shall be provided for the bar

. thermometer, which shall be of a comstruction not

easily damaged by outside shocks.

The measering Sensor of the dial‘rype_temperature
indicator shall be of double constractienlwira)
enables easy exchange of the meesuringfsensor; and
car shall be taken'to'prGVEnt~iﬁau1ation'oil-leakage.
Wihding'temﬁeratﬁre'ihdicetor“

This device shall be used to'eeﬁivalentlyiindicate

‘the winding temperature by means of a temperature

-_EOll?—ﬁ_r;‘
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compensator, and shall have a construction enabling.
easy- supervision from the floor.

The measuring sensor shall be of double construction
which enables easy exchange of the measuring sensor,

and care shall be taken to prevent insulating oil

.h-leakage.

(3)

(4)

(5)

(6)

Terminal cabinet

~The -terminzl cabinet shall serve as an aécessory

- electrical device of the transformer, and shéll be

used for connection of outside cable, which shall be
attached to.the transformer body.
Grounding lug

Two (2) grounding lugs shall be mounted along the

‘diagonal line of the- . . The bras clamp having

four (4) fixing bolts shall be provided.
As the grounding terminal and the are connected
by different kinds of metals, sufficient welding

shall be provided. The grounding terminal shall not

“be painted.

AnchOr bolts and nuts, foundation base

The anchor_bpltsjand-nuts, and foundation base shall

not be damaged when the conditioris: described in

Clause 6 "Design Conditions" in Part I overlap.

Lifting lug, jack bos, pulling hole, etc.

Careful attention shall be paid to the fixing
positions of the lifting lugs, jack bosses, pulling
holes, etec., sco that transportation and installation

can be easily proﬁided;a
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(7}

{8) .

Piping and wiring .

Wiring between the accessory electrical devices of

_transformer and the terminal cibinet shall be

provided, and shall have thick steel conduit tubes.

Name plate

The name plate shall be fixed at a position easy to

- gee from the floor.

The materials corresponding to SUS shall be applied.

The name plate shall have. the ‘following items

-recorded on them and these items shall:not be erased {“}
’ L.

under any atmospheric condition;
Name
Code: No,
Namefof-manﬁfacturer
- Manufacture:No.
Date-of manufacture
'-.ﬁated capacity
,.Frequgncy
Phase
‘Rated voltapge .
" Tap voltage (including tap indicétion)
Rated current
Vector "
Connecting diagram
Impedance voltage - -
-Typs. of copliﬁg_
Insulation class

Insulation level -

- E0117-6 -



Total weight
Quantity of oil
Indoor or outdoor type

Temperature rise

Noise

(7) . Noise .level
The noise level of the power potential transformer shall

be measured, and shali be in accordance with "Measurement
{IEC-551). :

of Transformer and Reactor -Sound .Level®

1.1.7.2 EXCITATION CUBICLE |
The excitation cubicle shall be an indoor, self standing

enclosed type with single door and equipped with ventilating
louvers. _ _
The folloﬁ;ng components shall be installed in the excitation

cubicle,
(1) Comparison and trigger circuit
The ab0ve c1rcu1t shall detect the generator voltage from

PT of AVR and shall transfer to the OpEratlonal ampllfier

the dlfferentlal voltage between generator voltage and
settlng voltage by means of the voltage comparlson c1rcuit

The above cxrcult shall also transfer to the operatlonal

~—

amplifier the differential signal between active puwer and
reactive power by means of the actlve and reactlve power

compensating circults with secondary circuit from PT and CT.

Under ex01tat10n 11m1ting device (UEL)

(2)
The under excxtat;on limxtlng devxce shall be provided to

prevent operatzon of the excess leadlng area of generator.
The 11m1t1ng device shall be ad;usteble.

- E0117-7 -
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(3

(4)

(3).

6)

(7)

(8)

Over excitation limiting device (OEL)

The over excitation limiting device shall be provided to
prevent of the ekcess_téﬁperature-due-to over current.

The setting range shall be adjutable.

Automatic follow up device (AFU)

The automatic follow up device shall be provided to enable
suitable operation of the generator. ..

Power system Stgbilizer-(PSS)

The power system stabilizer shal] "be prbvided to improve the
dynamic stability at the parallel Operatiqp'qf.the generator
with system, o .

The setting range shall be ad;ustable.

Automatlc react;ve power regulator (AQR)

An automatlc reactive power regulator shall be provided to
enable regulatlon of the active power and reactlve power

of the generator.

Manual regulator

' The manual regulator shall be prov;ded for manual

regulat;on of the generator termlnal voltage. and shall

con51st of motor drlven fleld rheostat, swztches, p031t10n

-Lndicator or gate phase ccntrql, pulse ampllflar and all
IneceSSArj=pertineﬁté; | - I

;Rectifler -

.The rectlfzers shall.be provided to transfer the.tectifled

'output of ETR to generator field w1nd1ng, and shall

consist of the SlllCOﬂ element rectlfxer. A sufficzent

number of silicon elements Shall be provlded for

replacement durlng operat;on.
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{9)

(10)

(11)

(12)

The thyristor firing control circuit shall be capable of
normal function during system faults.

The fuses shall be installed at the power input and ocutput side,

-The rectifier shall be protecied with fuses,

Excitation starting equipment
The excitation starting equipment shell be used for

initial excitation of generator, and its power source

--shall be supplied from the DC 220V No.l or No.2 distribution

panel.
Field discharge resistor

The field discharge resistor shall be used as discharge

‘resistance. of generator field winding, and shall be

connected to generator field winding in parallel and to
"b" contactiof field circuit breaker in series.-
Main excitation field circuit breaker

The main excitation field circuit breaker. shall comprice

the following.

- Two pole with field discharge contact

_ Drﬁw out. type

Mechanical trip free operating mechanism trip button
Operating target
Interlock#

Auxiliary switches
Primary and secondary disconnecting devices
Operating mechanism DC 220V solenoid or motor
operated type’
Arfester

The arresters shall be connected to the rectifier in
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(13)

(14)

parallel, and shall be used to. absorb the abnormal ﬁeak
voltapge at the time of trénsient.

Shunt . |

Shunts shall be provided for generator field ammeter and
generator field temperature indicators,

Relay -

- The generator field ground detector relay, ETR - -

-..differential relays, ETR over current relays and auxiliary

(13)

relays shall be provided,

Field temperature indicators.

The field temperature transmitter with indicator and

(16):

sensors shall be provided to indicate the generator field
temperature by-detectingkfieldVvoltagé1and'current..
The annunciator contact shall be provided-to warn of high
temperature of field winding.:’
Annunciator
The annunciator shall be provided to warn of any trouble
in the excitation.equipment. ‘The snaunciator shall be
capable of operating under thé following conditions.
Rectifier over current.
AVR pulse failure
Rectifier fuses blbwn -
AFU manual operatioﬁ
AFU long pulse
. AFU fuse blown
Rectifier temperature high
Generator field grounding

Under excitation limit operated . ~

- E0117-10 -
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ETR temperature high

Initial excitation failure
The annunclator: shall be provided at the front side of

panel for convenience of observation, and shall ‘have lamp

or target indication.
The annunciator shall consist of indicator, alarm horn,

test button, reset button, acknowledge buttén and all
necessary pertinents. Lo
The control voltage of the annunciator shall be DC 220V.

(17) Meters
The proper number of meters necessary for operating,

maintenance and adjustment of AVR excitation system shall
_be provided. y o

{(18) DC and AC control scurce-: -
-The control source of the excitation equipment shall be as

foilows.-
220 V

DC source
. 220V

AC source
(19) Equipment to be installed on boiler;turbinengenerator

board
The following equipment, but not limited to the items
below, shall be installed on the boiler-turbine-generator

board for operation and supervision of the excitation

equipment.
However, the following shall be excluded from this section

of the specification, Refer to "BIG Board” in Clause 4.1,

Automatic voltage regulator transfer switch

Manual-Tegt-Auto

- E0117-11 —~
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Automatic resctivé power selector switch
o use-Use
. Automatic. reactive power rheostat
Field circuit breaker contrel switch

Open-Close

- ¥Main excitation manual voltage adjuster control switch
Lower-Raise- .

Main excitation automatié voltage control switch
Lower-Raise- .- - |

Generator field voltmeter SRR [y

P
“

‘Gene;ator field ammeter

-AVR balance meter

Indication iamp of generator field circuit breaker
Automatic reactive power selector switch

. Main excitation automatic voltage control éwitéh

Main excitation manual voltage adjuster‘contrdl switch

)
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1.1.8 HYDROGEN GAS SUPPLYING UNlT
The hfdregen gasrsupplying:unit 55311 belused to susply hydrogen
gas to the generator.frem rhe hydrogen gas cylinder uia manifold.
The hydrogen gas supplyzng unit shell ensble the f0110w1ng
functions.
Replacement €0,
Automatic pressure control of Hz gas in generator
Superv1sion of pressure end purlty of Hz gas alarming
The equipment shall be installed in s control cubicle, and shall
include H2 gas automatlc pressure control valve, hend valves,
meters end ell neeesssry pertinents.
The valve station shall be installed at the bottom or the :
genersror; o | o |
Tne.aboue.eﬁuipmentxshslliﬁekconsrrueted so as to enable
convenient operatlon and m31ntenance. o
1.1.8.1 H2 GAS MANIFOLD AND VALVE
| he H2 gas manlfold shall conszst of cocks to be c0nnected to H
gas cyllnders, pressure gauges, velves and safety valve And
appropriate number of cocks for Hz gas cylinders shall be
.prov1ded.- o |
The valves shall berused to control.the pressure and flow.of Hy
gas; and to supply.ﬁz gas to generator through Hz ges centrol
cublcle.'
The valves shall be of dursble end 1ong lasting construcrson.
safety valves shell be used to erotect the Hz 2as manlfold from

over pressure.

- E0118-1 -
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1.1.8.2 H, GAS CONTROL CUBICLE

The Hy-gas control cubicle shall be installed on the first

:floor, and shall be connected to the piping from Hz gas

'cylxnder end COZ gas cylinder.

These gases shall be supplied to the generator through control

valves in the cubicle.

(1)

(2)

Type
Indoof self standing, metal clad--

Constructlon

‘The Hz gas oontrol cubicle shall compr;se gas and

'electricel compartments to prevent gas explosion or fire

nazard.

The electrical wisings between:the.gas end.eiectticel
compartments shall be protected by explosion proof flttlng
of steel condult.'

The H, gas control cubicle snell oe‘constructeo so.es to

be ventilated by convectlcn elr. and ehall heve sufflclent

' 'louvers 1nstalled to prevent exXCcess dens;ty of gas due to

leakage.
The H, gas compartment shall be equlpped w1th gas 1nner and

outer piplng, automatic pressure control valve hand

'valves, gas pressure meters, dlfferential fan preesure

gauge flow meters, gas purlfler and all necesssry
pertinents. |

The electrlcal compartment shall be equlpped w1th purity
indlcator, annunCLator, computer 1nput, plugs and termlnal

boards.
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(3)

(4)

(5)

Automatic pressure control valve
The antomatic pressure control valve shall be used to
control the hydrogen gas pressure in the'generﬁtor stator
at the specified value. : e
Hand valve
Thé hand valves shall be used for the replacement
operation of H, and CO, gases, and shall 'be installed at
the front side of panel to enable convenience of operation
and maiﬁtenance.
Mimic lines, colored to show correct operation, shall be
provided.
Meter
{a) Purity meter
The purity meter with remote indicator shall be
provided to indicate the percentage of hydrogen in
the air inside the generator stator during operatiomn.
The purity meter for CO, or H, gas shall be able to
indicate the value of air in COy (0 to 100Z) and
hydrogen in €0, (0.to 160:).‘respective1y.
{(b) Gas temperature méter' o
The gas temperature meter shall be provided for
connectioy to RID in the pgenerataor, an& shall be
used to indicate the gas'temperatgre in the generator.
{c) Flow meter.. _
The flow meter:Shall~betprov1ded to indicate the flow
6f hydrogen gas to the gas analyzer cell block of

hydrogen purity meter..
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(6) Machine gas pressure gauge
The machine. gas pressure .gauge shall be. provided to
indicate the pressure in;ﬁhe-genefator. |

(7) Differential fan.pressufe gauge
The differential fan pressure gauge shall be:providedito
detect .the axial fan performance by measuring the
differential pressure at the inlet and outlet of fan blades.
These differential pressure gauges shall be used for
detecting hydrogen purity in the generétor;

(8) Annunciator . - -

o
e

The annunciator shall be provided ﬁith reannunciation
system to warn of any trouble in the hydrogen gas -
supplyiﬁg unit and seal 0il unit.
The following items shall be provided. -
Low hydrogen,gas:purity;
. High or low=hydrogen4gas:pressure
High liquid detector level
Low seal‘oil-differentialcpressure
Low seal oil discharge pressure - .
High seal oil drain level — & . IR )
Vacuum-pump trip - |
Main Hé segl,oil-pump trip~
Emergency B, seal oil pump.running
Emergency H, seal oil pump trouble
- Low vacuum tank for seal oil
Loﬁ:vacuuh tank level.for .seal oil
Low Hy éupply pressure

AC control power failure

- EO0118-4 -
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1.1.8.3

1.1.8.4

1.1.8.5

DC control power failure
The annunciator shall be provided at the front side of
paneleor convenience of observation, and shall have lamp
or target indication.
The annunciator shall consist of indicator, alarm horn,
test button, reset button, acknowledge button and all
necessary pertinents.

The control voltage of the annunciator shall be DC 220V.

H, GAS DRYER

The H, gas dryer shall be provided tordry Hy ga§ in the
generator, and shall consist of fan with rotor or gene?atér
rbtof f##s,'héafér, siiiéa gel or activatéd.aiumina; vsives;
eﬁc.. and ﬁhe heater shall’fegenerate tﬁe-%iliéa gél or
écfiﬁatedHﬁlﬁmina.'. I o |

The silica gel er acti;aéédjﬁiuﬁiﬁgsin-the-&fyér shall bé made

convenient for renewal of gilica gel or activated alumina.

LIQUID DETECTOR -

The liquid detector shall be provided to détect"the drain at
the bottom of generator stator casing, and shall be connected
to theerﬁcontrol cubiple«fbr,alarm;'

Drainage of generator stator caéingfshall‘be made possible:

through the drain valve at the bottom of generétor stator.

PIPING

Carbon steelloruéqppgr.pip;ngs.shall_be inetalled, and the

npmbe::of'ﬁlgnge_fittiﬁgs,shall be. kept to a minimum to prevent
gas leakage. ..

Adéquate]piping_slope:shgll,be:gpplied to prevent drain

- E0118-5 - & . o



trouble,

The pipings shall be provided for the replacement operation of
air - €0, - H, gases and emergency exhausting. - Color bands
shall be attached to each pipeline fof-eééy-diétingtion of the

kinds of pipings.,

H, GAS GYLINDER

1.1.8.6 .
The total number of flfteen (15) H2 pas cyllnder per unit shall be
'provided |
1.1.9 HYDROGEN GAS GENERATING SYSTEM - o ) ... | {f}
1.1.9.1 GENERAL ' ) T h
The hydrogen gas geﬁeratlng system shall be.prov1ded t§ generate
hydrogen gas to cool the generator | ; .
The hydrogan gas shall be generated by electrollzing of watef,
and shall be stored with gas cyllnders._ |
"The hydrogen gas generatlng system shall;he épefated manﬁaiiy and
automatically - ‘
The feed water shall be supplied from the make up water line
which shall be connected to discharge piping of make up water )
transfer pump. | (;}
The hydrogen gas generating system shall be operated for:’
continuous operation of maximum load.
1.1.9.2 SCOPE OF SUPPLY

One (1) set hydrogen gas generatlng plant.

The hydrogen gas generating plant shall include ‘bit ‘not ' be 1im1ted
to the hydrogen gas generator, feed water tank: with 1eve1 control '
valve, hydrogen gas holder, hydrogen gas compresaor; hydrogenlgas_

dryer, gas analyzer control panel, piping;“val#gs}{étd;f*""

-~ E0118-6 - -
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1.2.9.3 HYDROGEN GAS GENERATING EQUIPMENT

1.1.10

The hydrogen gas generating equipment shall be provided in
accordance with the following requirements.

Two (2) sets Hy, pas generator Indoor, package electrolytic type
3

One (1) set H, gas holder Outdoor, 25 Nm”,-

Two {2) sets H, gas compressor Indoor,

CARBON DIOXIDE SUPPLY EQUIBMENT

The cerbon.dioxide supply equipment shall be provided to replace
generator hydrogen gas by'carboh dioxide gas, and shall consist
of CO, gas manifold, control valves, pressure gauges and ‘all
necessary pertinents.

The control valves for ges replacement shall be prov1ded in H2
gas contrel cubicle for convenience of superv1sxon and

operation,

1.1.10.1 €O, GAS MANIFOLD AND VALVE.”

The CO, gas manifold shall consist of cocks to be connected to
€0, gas cylinders, pressure gauges, valves and safety valve
An approprlate number of cocks for 002 gas cylinders shall be
prov1ded 7 N | |

he valves.shall be used to control tﬁe pressere end floe of
002 gas._and to supply 002 gas to generator through H2 gas
control cublcle.

The valves shalllbe.of eufabie.and long iastlng consteuctxoﬁ.
tThe safety valves shall be used to protect the COZ gas

manifeld from over pressure.

- EO118-7 -



1.1.10.2 PIPING AND VALVE
Neeessery pipings and valves shall be provided 80 8s te.ensure
sefe connection of the generator hydrogen gas unit and carbon
_dioxide gas equipment,
The piping and valve artangement-shell be installed’so'as.to
facilitate convenience of operetion,nsupervision and -

inspection.

1.1.10.3 COp GAS CYLINDER
.The total number of ten (10) CO, gas.c¢ylinder per unit -shall be
provided.

1.1.31 SEAL OIL UNIT

-The seal 011 unit shall be provided to seal the hydrogen gas

in the generator by the sealing oil.
The vacuum system of sealing unit shall be provided to maintain

stable hydrogen gas pressure in the generator and to minimize

H, gas consumption..

1.1.11.1 BEARING DRAIN ENLARGEMENT EQUIPMENT
The bearlng draln enlargement equlpment shall be provided to
recover seal oil whlch has leaked to the air 31de of generator
sealed bearlng, and shall be enstalled uﬁder the generator._
The 2ir in the beerlng draxn enlargement oil tank shall be |
removed by wvent plpe and shall be dlscharged luto.the.atmos-
'phere.- The seal oil from bearing drain enlargement equipment

shall be returned to the 011 reservier.

- EQll8-8 -
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1.1.11.2 SEAL DRAIN ENLARGEMNET EQUIPMENT

The seal drain enlargement equipment shall be provided under
the genetator to recover the seal 0il which has leaked to
hyd;ogen'gas'side. o : o "
The mixed hydrogen gas shall'bs'reﬁoved'by the seal drain

: enlsrgemeot‘equipmeﬂt,'sno shall be exhausted to the atmos-
phere.
The seai oil from seal drain enlargement equipment shall be

“ returned to-the oil reservoir.

B 1.1.11.3 SEAL OIL ooNTROL UNIT
fhe seai oil oonerol uoit-shall oonsist of differentiel
pressure regulator, oil filtes, inserumentation aﬁd ali
necessary pertxnents, and shall automatically control the
generator shaft seal oil. | o
_The seal oil control unlt Shsll be provxded on the flrst
-floor, and shall fa0111tate easy operatlon and m&lntenance.
(1) leferentlal pressure regulator | o )
_ The dlfferential pressure regulator of dlaphragm type
(‘) ' | }shall be provided to control seal 011 pressure
N automstlcally. to mslntaln the constant dlfferentlal

pressure of hydrogen gas and seal 011. and to minimize

the leakage of hydrogen gas in the generator.

- E0118-9 - -
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(2)

(3

(4)

(5)

Instrumentation
The differential pressure gauge, vacuum gauge, seal oil
supply. pressure gauge, annunciator. interlock switch and

other necessary pertinents shall be provided for the

_ convenience of operation and supervision of seal oil unit.

ALl ala:ms and‘annnnciato:s.shell be_attached on. the

Hy gss control cubicle.

0il, fiiter .

The oil filter shall be erovided to remove dirt and clean

the seal oil. N B 0
The 011 filter shall be constructed 50 as to enable filter |

cleenlng by a handle operatlon..

_This oil fllter shall be provided near the generator

shaft,seal equipment or seal 011 unit equipment.

Valve snd plping |

All necessary valves and plplngs shell be psov1ded on the
seal 011 control unit to enable proper operation. |
supervision and maincenanoe.' S |

The name plates shall be attached to the valves for the
convenience of operatlon, and color marks shall be : (ﬁ)
palnted on the plplngs for purposes of service operatlon.
Vscuum tenk | o

The vacuun tank snellrﬁezprovleed to.renove.thefnlr end'
hydrogen gas from seal oil, and to return the seal oil
from the seal drain enlargement equipment and the bearing

drain enlargement equipment.

'~ E0118-10 - -
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The float trap, float switch, oil spray, oil level gauge,

‘sight hole and all necessary pertinents shall be provided

on the vacuum tank,
Seal oil pump .

The seal oil pump of Motor AC 380 V 34 50 Hz shall be
provided.

The emergency seal oil pump of Motor DC 220 V shall be

provided.

--The main oil pump to seal the generator shaft and the

recirculation pump to recirculate the seal oil in the
vacuum tank shall be provided.
The emergency seal oil pump shall be provided to back up

the main seal oil pump, and shall be started auto-

matically by signal of seal oil pressure.

Untreated seal oil by vacuum system shall be supplied to
the generator shaft during emergency use of emergency

seal oil pump.

"The bearing oil supply equipment shall be provided to

supply seal oil from bearing oil system directly, in case
of emergency.

Vacuum pump

The vacuum pump shall be provided to keep the vacuum in
the vacuum tank and to improve hydrogen gas purity.
Vacuum pump of motor Aé 380 V 3¢ 50_32 shall be provided.
The oil tank, oil level gauge, solenoid valve, cooling
water unit and all necessary pertinents shall be pro#ided

for vacuum pump sSystem.
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f&) 0il cooler. -
. The oil cooler shall be provided:to-COOI return oil from
the main seal oil pump and emergency  seal oll pump.
The cooling water of the cooler shall be supplied from
cooling water :line,
Location of the o0il cooler may be either of the two (2)
cases, . :
Case 1: The oil cooler shall be located on the seal oil unit.
Case 2: The_oil cooler shall Be loéated inside the turbine
..~ lubrication oil tank which.is-mainly used for turbine {f)

generator lubrication oil systen.

O
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1.2 ISOLATED PHASE BUS DUCT

1.2.1

1.2.2

APPLICABLE STANDARDS AND CODES
The following standards and codes of latest edition shall be
appliedr\
] International Electrotechnical Gommissionl(IEG)

IEC-137  *Bushings for alternating voltage above 1000 V"
Othet pcrtinent Intctnatibncl Eiectrotechnical Commission (IEC)
standards, or equivalent shall be applied géccraliy.fcr.electrical

apparatuses.

SCOPE OF SUPPLY

The isolated phase bus ducts shall be provmded for generating
power from generator to main and auxillary transforme;s, and
shall comprise, but nct be.iimitéd to, the.tcllowing compcnents.

One (1) set Isolated phase hus duct with accessories for Unit
No. 1 oo :

One (1) set Isolated phase bus duct with accessories for Unit

No. 2
Main circuit . Generstdf'tc main transformer
Sub circuit :Mhln cirCult to auxlllary transformer
Branch circuit- N -.Main circult to PT cubicle SA

chblcle and ETR cublcle
Neutral point circuit Generator neutral to three phase joint
to neutral ground cubicle

_Structuresf: ... v. . For. above equipment

1.2.3 TECHNICAL INFORMATION

1 2, 3 i TYPE

The bus duct shall be of the self cooled heavy duty. metal

clad isolated phase bus type designed for lndoor and outdoor

. E012-1 -
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1.2.3.2 RATING
The, rated current; and mechanical and thermal stresses result-
ing frem momentary short circult current of each clrcuit shall
be as follows. |

Main bus - Sub bus  Branch bus

circuit cifcgit circuit
Rated eeitage (kﬁji‘ | ': * 7 * . *
‘ ﬁa£ed eﬁrrent.(AS | :7 * . - e.: ;
Momentary sym- | * , % %

metrical current (kA)
Note: The rated current of the main bus shall be a ﬁiniﬁﬁm
11, 600'A. | | - o
The temperature rise shall be as follows._
Enclosure L 7 4000 or 1ess R

Conductor ' 7 GSOC or less

1.2.3.3 MATERIAL

Conductors High purity aluminum and-heat treated
aluminum alloy

Enciesureé ngh purlty aluminum

Structures .Hot dlpped galvanized steel

1.2.4 CONSTRUCTION.

1.2.4.,1 BUS DUCT
The bus ducts shall consist. of unit ducts and their: Joints
Each unit duct shall be of welded construction and have”suf- _
ficient insulation distance from the conduetoi;.eea'ﬁiniﬁgmj'
1nduct10n heatlng to outszde. |

Each unit duct shall be connected by the 1nsulatox. and the

- EQ12-2 -
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1.2.4.2

1.2.4.3

cover shall -be supnorted by the stucture.

The bus duct-shall'have cushions for thermal expansion and
generator vibration, and shall be able.to withstand the magnetic
force due to three phase short eircuit.

The inspection holes shall;be-provided'on the duct for the con-

venience of inspection -and maintenance.

GONDUCTOR

‘Bare aluminum bar of superior conductivity shall be used for

conductors, and shall be able to withstand dynamic and thermal

stress forces due to three-phase short circuit.

' The duration of three-phase short circuit to be considered for

thermal stressed shall not be less than 2 seconds.
The dimension and type of conductor shall be recommended by the

Contractor.

The flexlble conductors shall be rnstalled at the connecting

joints between conductors and apparatus and conductors them-

selves to absorb thermal expansion and vibration.

In principle, the connecting joints between conductors shall be

welded and have sufficient contact area.

INSULATOR

The insulators shall be able to withstand thé conductor

_ temperature dynam1c force of three phase short circuit and

voltage rising of other sound phases after 31ng1e phase
grounding under a salt contamination condition of 0.03 mg?cmz

when the humidity of the air around the insulators is 100%.

Impuiss withstand voltage 150 kV (full wave)

Withstand voltage 50 kv

- E012-3 - -



1.2.4.4

1.2.4.5

1.2.4.6

1.2.4.7

1.2.4.8

SUPPORTING FRAME AT PASSING HOLE AT WALL OF TURBINE ROOM
The non magnetic supporting frame to sdpport:busrducts shall be
provided at the passing hole of wall of turbine room to

maintain adequate sealing.

The frame shall be constructed. to have'sufficient strength, and

. shall facilitate convenience of installation.

DRAIHAGE EQUIPMENT

.The.necessary_dpain valves shall be-provided at indoor and

..outdoor bus ducts.

The drain pipings shall be flanged at the isolated phase bus

ducts and. extended to. the floor.

FLANGE

'The flange joints shall be provided at each end of bus ducts of

generator, main transformer, auxiliary transformer, PT cubicle

and ETR cublcle.

Technzcal coordination shall he carried out for flange design

of each equlpment.

The nacessary bolts, nuts, washers, gaskets etc., for flange

joints shall be prqvlded.

TERMINAL

The flex1ble termlnals fittlngs and thelr bults and nuts to

connect the conductors to equlpment shall be prov;ded

SUPPORTING STRUCTURE -

The structures to,suppertrthe:bus ducts shall be constructed by
hot dipped galvanized steel

The necessary bolts nuts waehers. embedded materials for

- E012-4 ~ .l
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1.2.4.9

indoor, foundation bolts for outdoor, etc., shall be
provided.
Fach structure shall be provided with grounding terminals and

connectad grounded buses. .

REMOVABLE LINK

Removable links shall be provided for the auxiliary transformer

'sub bus cilrcuit and shall facilitate convenience of -

maintenance. :

1.2.4.10 SUNSHADE

1.2.4.11

The sunshade shall be provided on the bus ducts to protect the
bus ducts from sunshine.

The sunshade material shall be of aluminum alloy.

GROUNDING LUG
The g:oundiﬁg-lugs shall be provided. For detailed
specifications, refer to Clause 10 "Erection" in Section V of

Part 1I.
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1.3 PQTENTIAL TRANSFORMER CUBICLE
1.3.1 APPLICABLE STANDARDS AND CODES
The.fdllowing stﬁndafds aﬁdiéodéé ofriﬁtéét ééition shéll.bé
applied. | | - . B
International Electrotechnicgi Cémmission (1IEC) -
IEC-186 ‘ FVolfage transformer"
Other pertinent Intermational Electrﬁteéhnical commission (IEC)
standard. and/or equivalent shall be applied generally for

electrical apparatuses.

O
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1.3.2 SCOPE OF SUPPLY
The potential transformer (PT) cubicle shall be provided for
measurement and protection of generator and AVR, and shall
consist of, but not be limited to the followings.'
For Unit No.l. |
- One (1} set " Potential transformer for instruments ralays
Single phase x 3
One (1) set - . - Potential transformer for AVR
-8ingle phase x 3~
For Unit ﬁo;z
One (1) set Potential transformer for inétruments'relays
Single phase x 3
One (1) set Potential transformer for AVR :

Single phase x 3

1.3.3 TECHNICAL INFORMATION
1.3.3.1 TYPE

Indoor, self cooled, self standing metal clad, draw out.

1.3.3.2 RATING

Type Molded type single pole
Ra;ed voltage Generator voltage/ 3 : 110'Vl.3
Fréquepcy 50 Hz
Accuracy class 0.3
Burden *  VA[Phase
Connection Wye
- E013-2 -



1.3.4 CONSTRUCTION

1.3.4.1 CUBICLE
The potential transformer cubicle shall consist of potential :
transformer, po&er fﬁse, bushing with.duxrenﬁrlimiting :
resister, enclosed fuse and all neceséary-pertinents;
‘Each phase shall be installed oﬁ the separated upper and lower
double rack.
The front door shall be interlockedhto.th91po£ential
transformer draw out device, and the PT circuit shall be
grounded automatically when the front door is in the open
ﬁosition,_
The necessary flangés and bushings to connect the isolated
phase bus duc;s.shall-be provided.

The outgoing cables shall be placed at the same corner.

- EQ13-3 -
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1.4 SURGE ABSORBER CUBICLE
1.4.1 APPLICABLE STANDARDS AND CODES
The followxng applieable standards and codes of latest edlnlon
shall be applled |
Internatlonal Electrotechnical Comm1331on‘{IEC)
IEC 99 '"Lightnlng Arresters"
Other pertlnent International Electrotechnlcal Commission (IEC)
tandards. andior equlvalent shall be applled generally for

electrical apparatuses.

1.4.2 SCOPE OF SUPPLY
The surge absorber cubicle shall be provided, but not be limited
to the followings to absorb outside surge voltage and to protect
the generator.
One (1) set Lightning arresters and capacitors for.Unit No.1

One (1) set Lightning arresters and capacitors for Unit No.2

1.4.3 TECHNICAL INFORMATION
1.4.3.1 TYPE

Indoor, self standing, metal cliad, draw out,

1.4.3.2 RATING
The lightning arrester shall be of superior and stable per-
formance to absorb surge voltage from the transformer so as not

to cause short circuit of generator.

- E014-1 -



1.4.4  CONSTRUCTION

1.4,4.1" CUBlCLE
The surge absorber cubicle shall consist of lightning
arresters. capacmtors. bushings and all necessary pertinents.
The front door shall be rnterlocked to the draw out devrce. aod
the surge absorber circuit shall be grounded automatically when
the front door is in the open position. |
The.primary circult of surge absorbers shall be brancoed froo
the potential transformers. o o

Each surge absorber shall be fitted with surge counter. {

A
S’
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1.5 NEUTRAL GROUNDING RESISTOR CUBICLE

1!5.1

1.5.2

APPLICABLE STANDARDS AND CODES
The following standards and codes of latest ediliog shall be
applied. ‘
Internétional Eleétr;techﬁical Gommiséién (Iﬁc)
IEC-76 "Power Transformers" | |
Oﬁhéf perﬁlnenlﬁils, JEC_anﬁfor International Electrotechnical
Commiésion (IEC) stanﬁalds,-or equivalent shall be applied

generally for electrical apparatuses.

SCOPE OF SUPPLY
The neutral grounding transformer with resistor shall be connected
to the neutral poxnt of the generator for protection against surge

voltage and to llmlt the grounding current.

The neutral groundlng re31stor shall comprlse, but not be limited

1.5.3

1.5.3.1

1.5.3.2

to the followings.
Oné.(lj-set' Neutfal grohnding'cubicle for Unit No.l
One (1) set Neutral grounding cubicle for Unmit No.2
TECHNICAL INFORMATION

TYPE .

‘_Indoér self cooled, self étanding,_metal'clad

RATING

(1) Grounding transformer

Type Dry
Rated capacity * kVA
Rated voltage Generator voltage : 190V
Class of rating 5 minutes
- E015-1 -



{2) Grounding resistor

Type N Gf@&

Reslstance - ”*:bhﬁ'
 Current o * A

Class of rating " 5 minutes

(3) Disconné&tiﬁg séitch - .
Type | ﬁahﬁgl oﬁéf&ted. singlg pole
| | ‘éiﬁgle throwﬂ | |
‘ §a£éd VOiﬁaéé‘. . j£4 kﬁ -

Rated current ' 20 A

1.5.4 CONéTRUCTION
1.5.4.1 CUBICLE
 .Thé ﬁeﬁtrﬁl-g}ouﬁdiﬁg égéiéfbf.é;bicié'sﬁali“qoﬁsiét of
grounding tranéformef;jéfoﬁhdiﬁg Eesiéﬁor, ﬁiscoqnecting sw%t#h
:.aﬁ&'alllnecéségryrﬁefiiﬁénté. .. . -
The gfounding.transformer shall be provided witﬁrgraw out
guid;s. o | | | | .
The ﬁéatrkadiaiion sﬂéil.be cénsidéféﬁ fﬁr the éfouﬁding.
transformer and grounding resistor.
The discpnnecting switch shall be installed at the upper part
of cubicle, and shall be operated.by the disconnecting hook rod
from the floor.
The front door shall be provided.
The flanges and bushings to connectltﬁé‘génér;tér ﬁéﬁﬁfﬁl bus

shall be'provided.

- E015-2 =~
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2. POWER TRANéFORMER
2.1 MAIN TRANSFORMER
2.1.1 APPLICABLE STANDARDS AND GODES
The following codéS-of létest edition shall be appliedo..
Internatidnal“Elébtrotéchnical Commission (iEC) |
IEC - 76 "Powé; %ranéformers“ | -
IEC - 137 "Bushinés.for alternating ;oltage‘above 1,000 v*
IEC - 296 “Electrical Insulating Oil"
Other pertinent Internation#l Electrotechnical Commiééiéh (IEC)
standard, and/or other equi;alent inté:nﬁtional éﬁéndafdé shall be

applied generally for electrical machineries and apparhtuses.

2.1.2 SCOPE OF SUPPLY
The £ransformer shall be connected to the 250 MVA generator

generator and used as the voltage stepup transformer.

Ohe (1) seat Main transfoimer,with compléte accessories far
Unit No.1-

One (1) set Main transformer with complete accessories for
Unit No.2

2.1.3 TECHNICAL INFORMATION
2.1.3.1 TYPE
Outdoor, oil immersed, forced-oil, forced-air-cooled (OFAF),

three-phasa, two (2) windings

- E02-1 -



2.1.2.2 RATING

" Capaclty 250,000 kVA
Class of rating : Continuous
Voltage | .

Low teﬂsion.side | ._ _ Géﬁergtgr volﬁage
High tension éi&e . 7 226 kv :: |

On load, voltage taé . 477.51”(6 steps)
changer. : ’ ST i o

- 207 (16 steps)

Frequency _. | 50 Hz
Coﬂnecfidn (&ectof.group). Yﬁdl
| Vﬁoﬁ éeﬁsidn'sidé : | belta

Highriénsioﬂ ;ide‘ ﬁfe-.

High tension neutral pDirect grounding
Impedance voltage , 14.0% (at rated MVA base)
Insulation:class T ' A

“Insulation
Low teﬁsiqn side : Full ihsulhtiﬁn
High.tension'side S Grade insulation

Insulation level
Low tension side winding BIL 150 kV (Full wave)

High tension side winding  BIL 950 kV (Full wave) L

- E02-2 -

473



)

g

2.1.3.3

SHOP TEST
The shdp tests shall be as follows, but not limited to the

items below. The tests shall be carried out in the presence of

_the Owner and the Engineer, S

Construcition test
Withstand voltgge.tesf
-Inducéd ﬁoltage teéﬁ
VApﬁiied véltagg test
fmpﬁl#e volfﬁge test (witﬁ oscillograph)
ﬁeasureﬁenﬁ éf ;inding resistaﬁge
Heésu;eméﬁt.éf“transfd?ger fatio
Polafitf tés; | | |
Angulaf.dispiﬁceménﬁ test
Impedanéé ﬁesﬁ |
Temperature test
No load test
Measurement of taﬁgS
. Operation test to show the correct function of all devices
Meggering
Noise measurement
Efficiency test

Auxiliary machine power consumption test
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2.1.4 CONSTRUCTION
The transformer and all component parts shall be capable of -
_withetanding mechanical and thermal stresses caused by short

circuits, and shall be in accordance-with 1EC 76.

2.1.4.,1 STEEL CORE MATERIAL AND CONSTRUCTION
The cold rolled directional 311icon steel niates excellent in
magnetic characteristics shall be applied Measures rerquired
to reduce not only exciting current logs but also winding eddy
current loss and stray Ioad Ioss shall be taken.
Complete magnetic and mechanical connectlons shall be provided
and the no load current and noise shall be reduced |
The traneformer core ground connection shall be pruvided to

prevent damage to core winding due to core faults.

2.1.4.2 WINDING MATERIAL AND CONSTRUCTION

For-the component wire of the winding, sufficiently head-
treated, high-purity, electrolytic copper shall be applied.

 The winding shall sufficiently be insulated at ‘the portioen
between the component wires and shall be transposed. =
Consideration shall be given to insulation between layers and
ground,
As a countermeasure-against'surge.voltage,_the internal
potential distribution of the winding shall be made uniform,
and care shall be taken to prevent internal potential

_ vibration.

- E02-4 -
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2.1.4.3

2.1.4.4

2.1.4.5

INSULATING MATERIAL-AND CONSTRUCTION

For the :insulator, the materials which are excellent in

dielectric strength, oil-proof and corona-proof properties, and
have large heat conductivity, mechanical strength and impulse
ratio shall be applied.

Sufficieht-censideratlon shall -be -given td preveiit entrance of

dust and moisture during the manufacture.

TANK
The tank shall be of a steel plate welded constructlon having
aproprlate zelnforcement materials. It shall thhstand

external ehocke. lntermel vacuum and 1nternal pressure rise

-produced during normal Operation. The plplngs shall be jointed

by flanges u51ng approprlate packlngs, and shall be of a

'construction that will prevent 1oosen1ng due to v1bration,

' tempe;ature change and other unde51rab1e leffects.

Tank base shall be of the shoe type.

ON LOAD TAPCHANGER"
{1) General
The on: load tapchanger.shall be of thefJansen-type design
having an oil immereed-tap'seleCtor._an-aracing or
,fransferaswitch with durrent.liﬁiting resistors contained
-in a separated pressere tight oil filled vessel inside the
transformer. tank, motor operated mechanism and controls,
;_and=shall be in accordatice with IEC Publication 214
: 619765;'- |
© The on load t&pchangerrshall'have'current rating (*) as

- specified and be suitable to witbstand-mechanical and-
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thermal stresses. At-all taps of the on'load tapchanger,

the teransformer einding shall be capable of withstanding

the impulse test voltage and the power frequency test -

voltage specified.

Construction

fa) .

b3

The on load tapchanger shall permit high speed
change over with'iong life-span, high switching ahd
short-circuit performance and shall be mechanically

robust.,

-The sprlng operated energy stored dlverter switch _ {?}
shall transfer w;th rapld actlon the power circuit

Ifrcm one tap to the next, while two adJacent taps are

bridged without the pOSSlblllty either for a portion

of the transformer w1nd1ng to be short circuited

"except throueh the current limiting resistore, or

open cxrculted.. The main contacts shall be faced

with suitable alloy for extending thelr working 11fe.

Diverter switch shall be designed to permit easy

removal and installation in the tank.

‘Suitable guides shall-be provided for correct:

alignment of diverter switch and aits contacts.

Diverter components shall be easily renewable and

enclosed in a separate oilefilledfveseel fitted with
7 drain valve, 0il level indicatot;_relief-vent-and a

gas alarm relay of suitable type and design with two

contacts. The connection of this eeperate.oil-filled
vessel to the conservator_shallcbe vie,anaeasily

replecable filter and such that fouled oil can be
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tapped- off while the transformér is in service and is

‘automatically replaced with fresh oil from the

conservator or alternatively the conservator may be

.divided into two compartments separated by a filter,

for connection to the main tank and the tapchanger
compartment.

An operation counter shall be provided to register

'’ the accumulated number of tapchanges performed.

(3} Control

~(a) " The tapchanger shall be remote controlled manually

from the BTG board in the central control room.

It shall also beé possible to operate the tapchanger

" locally. A locelfremocte switch shall be provided in

the tapchanger control cabinet to select the point of

: operﬁtion.-,A-crank for hand operation of the drive

-~ mechanism shall be provide. It shall be'eléctricéllj

(b}

-inteflocked to prevent operation of the motor while

the hand crank is engaged.

‘The motor drive control shall follow the stép by step

principle i.e. after energization, the switching

operation is automatically and irrevocably

- accomplished, -

If-after-a voltage drop out during the running time
of the motor drive the:voitage'is present again, the

motor drive'automatically shall restart in the

< direction in which-it had previously started. A

.- safety. connection shall ‘be provided to interrupt the

- supply voltage in.case of false phase sequence.

. E02-7 -
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(c) Tﬁe tapchanger shall be équipped with -an emergéncy
. stop switch.' Mechanically operated electric limit
_ switches:andimechanical stops shall be provided in
the driving mechanism to.prevent over-travel beyond
the maximum raise .and lowernposition.

Position indicator

-Two position'indicators_shall-be prOVided; one shall be

installed on the BTG board with central control room and

the other on the transformér. The remote indicator shall

be fitted with adjustable maximum.and-minimum indicating
stéps.f The local indicator shall :be so located that it
can be read while operating the tapchanger. . The remote

indicator shall be of the servo.type. -The position

,indicatoré,shall be marked as follows. .
- The: principal tap :shall be marked on the dial center line,
-and. shall be:indicated by.the letter :N. The range for

- raising the voltage of the LV winding with respect to the

HY winding shall be on.the right:hand side of the dial,

and this range shall be marked with an arrow and the

‘letter R.. The lower range shall correspondingly be on the

1eft;side_and marked with the letter L.-—The;tap position
numbers shall also be marked 6n the dial in smaller
figures. The markings sha;i correspond -to the tap numbers
given on the rating plate.

Housing .

The control equipmentnaﬂdrthe_dfive?mechanism“shali be

- housed 'in a sheet steel or cast aluminimum-vermin proof,

well .ventilated weather and corrosion proof cabinet. The

- E02-8 -
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2.1.4.6

doors shall have lift-off type hinges and be fastened by
integral handles with provision for locking.
Identification labels on the outside of the doors shall be

provided.

0IL CONSERVATOR
The oil conservator shall be of an atmo-seal system and shall
be led to the atmosphere through a. breather. The breather

shall consist of a moisture absorbing chamber and an oil filter

. .chamber, and shall be easy to handle. Exchange of moisture

2.1.4.7

:Vabsorbing_materials from aboveground and supervision of

moisture absorbing condition shall be made -easy. In addition,

the insulation: oil level shall be made easy to supervise from

aboveground .and shall have alarm contact.

COOLING SYSTEM

7-The cooling system shall con31st of a removable radiator which
:ls composed of a unit radiator, a header, a 011 pump and a fan.

'The removable radlator ‘shall have welded flanges attached on

the main tank through packlngs. and a spare removable radiator
shall be mounted on the transformer as a standby unit. An
indicating type shut off valve shall be mounted on the

tank side to enable removal of each radlator.

An o0il pump, an oil indicator shall be flxed to the 0il pump,

and the pump shall be of a construction enabllng supervision of
normal oil flow direction.
A totally enclosed motor shall be used for the coollng

fan. The fan shall be excellent in coollng performence and

'caose as little noise as possible.

-~ BE02-9 -
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3¢, For

Clause 9.

BUSHING

The

- The rating of the above 0il pump and fan motors shall be AC 380V,

details, refer to "Standard of Electric Motoér" in

7 in Section I.

.(1) High tension side bushing

high tension side bushing shall be of an elephant type

with porcelain, and connected to 220 kV, CV cable.

The

-and

the.
the .

oil

The
_and

‘“The

‘bushing in the oil and the one in the air cable head,

each terminal at elephant parts  shall not be included in
scope of estimate, but the leads between the bushing in
0il cable.head and the transformer.side Bushing in the
shall be included in the scope of esteimate. |

elephant shall be-nrovided-for ench phasé‘indopendently,
the bushing 0il shall be charged separately.

bushlngs shall be able to w1thstand the voltage rlslng

of sound phases after one phase grounding with coudition

of salt contamlnatlon of 0. 03 mglcm when the humidity of

the

The

air around bushlngs is 1002.

follow1ng accessories shall be attached on the elephant _ (”)

parts.

oil conservator
Pressure rellef dev1ce
Valves

Ny pressure meter

(2) Low tension 31de bushlng

The

low-ten51on szde bushlng shall be connected to thé

isolated phase bus duct and shall be in accordance w1th

item specificatlon.

- E02-10 -
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(3)

The flanges to connect the isolated phase bus duct shall
be provided.

The bushings shall be able to withstand the voltage rising
of sound phases after one phase grounding with condition
of 'salt contamination of 0.03 mglcmz‘wheh the humidity of
the air around bﬁshings is 1007,

Néutral.side bushing

The neutral lead side bushing 'shall be drawn out together
with each.phase, and shall be connected together with

three-phases at the bushing terminal by means of toppei

.- band. The neutral lead shall be ‘supported By an insulator

pulled down up to the lower paft of the transformer.

The. neutral CT shall be attached on each phase and wired

“up to the terminal cabinet.

Theirating of neutral shall be as followss

oT ratio . . . - I5A
Burden - o K0 VA~
" Accuracy class 1.0
. Over current strength : 40

:Over ¢urrent .constant . »>20 ©

2,1.4.9 ACCESSORY

" The foiléwing accessories shall be provided.

(1)

0il 1é§e1 gaugé
The oil level gauge shall be of the dial type enabling
ample supervision from the floor, and shall have an alarm

contact.

- - EQ02-11 -
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(3)

0il temperature indicator .
The 0il temperature indication of the dial type shall be

provided to measure the temperature in the upper part of

- the tank.

‘A bar thermometer shall be attached to enable easy

supervision from the floor.

A temperature alarm device with variable adjuster and a

maximum temperature indicator shall be provided for the

indicator.

" An aleohol thermometer shall be provided for the bar

~ thermometer, which shall. be of a construction not easily

damaged :-by outside shocks.

~ The measuring sensor of the dial type 0il- temperature

indicator shall be of double construction which enables

easy exchange of the measuirng sensor, and care shall be

taken to prevent insulating oil leakage.

Winding temperature indicator

This device shall be used to equivalently indicate the
winding temperature by means: of a temperature compensator,
and shall have a construction. enabling easy supervision
from the floor.

The measuring sensor shall be of double cons;:uc#ion which
enables easy e#éhgngé.ofzﬁhe measuring seﬁsg;. and.éare

shall be taken to prevent insulating o0il leakage. .

- E02-12 -
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(6)

Sudden pressure relay

The sudden pressure relay shall be designed to function in
accordance with sudden internal pressure rise due to arcs
in oil produced at the time of trouble inside the
transformer. The sudden pressure relay shall have an
alarm contact shaft but shall not be_fﬁnction'in‘case of
slight change during normal operation. The relay shall be
of a construction to enable easy testing of its'0pera§ing
condition_frdm outside.

Gas détecting device:

The gas detection device shall serve as s relay, and shall
have an alarm contact which will function by catching the
buoyancy of gas and: the . oil flow.

The gas deteétion shall have a cohstruction'which enables
easy detection of the gas collecting condition and
sampling..

Pressure relief device. -

‘The pressure relief device 'shall be used for relieving

-abnoimal high pressure ‘inside the tank into the atmosphere

at the time of trouble of the trénsformEr;_

The pressure relief device shall be drawn out from the

. upper- part of the tank to the lower part, and shall

consist of a-burstihg plate with alarm contact with
operates at the designated pressure at the time of

abnormal condition.

* The bursting plate shall not function at the time of oil

face change during normal operation.

- E02-13 -
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‘unauthorized personnel..

Miscellaneous valve

The sampling valve, oil filter valve and.drain valve shall

be of flange with gasket construction to enable easy

attachment to outside piping. 'Blind covers shall be

provided. for each valve.

Terminal cabinet

The terminal cabinet shall serve as an accessory

_ electrical device of the transformer. and-sha11 be used

for connection of outside ceble, which shall be attached

to the transformer body. The terminal'cabinet shall be of { )

the outdoor waterproof steel . plate type with a door at its

front. All cables shall be drawn out from the lower part

and the inside shall be of construction which enables the

 power circuit and control circuit to be: separated.

Ladder
A ladder for inspection shall be mounted at the .side of

the transformer body, and a handrail shall be set up on-

. the top.. The ladder shall be locked with steel plhtes and

a "Do Wot Enter® sign shall be attached to prevent use by

A
D

Steel plate platform with handrail
The .steel plate platform with handrail shall be provided
around the tap changer for safety of maintenance and

operation. -

~ E02-14 -
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(11)

(12)

{13

(14)

(13)

Grounding lug

Two (2) grounding lugs shall be mounted along the
diagonﬁl line of the tank. The bras clamp having four (4)
fixing bolts shall be provided. . .

As the grounding terminal and the' tank are connected by
different kinds of metals, sufficient welding shall be
provided. The grounding terminal shall not be painted.
Anchor bolts and nuts, foundation base

The anchor bolts and nuts, and foundation base shall not
be damaged whep,the_conditoins described in Clause 6
"Design Conditions" in Part T overlap.'

Lifting lug, jack.bos, pulling hole, etc.

Careful attention shall be paid to thg fixinhg positions of
the lifting iugs, jack bosses, pulling héles.'étc., s0
that transportation and installétion can be easily provided.
Piping and wifing

Wiring between the accessory electrical devices of
transformer and the terminal cabinet'shall.be provided,
and shall haﬁe thick steel conduit tubes.

Name pléte

The name plate shall be fixed at a position easy to see
from the floor.

The materials corresponding to SUS shall be applied.

The name plate shall have the fbllowing items recorded on
them and these items shall not be erased under any

atmospheric condition.
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- Céde No.

. Name of mnnufacturer
Manufacture HNo..

. Date- of manufacture:
. Rated capacity -
Frequency

Phase

Rated voltage

_Tap voltage (including tap indication)

Rated current. .
Vector |
Connecting diagram
Impedance voltage
Type of:cooling
Insulation class
Insﬁlation level -
Total weight
Quantity of oil
Indoor or outdoor type
Temperature rise .

Noise
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