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Invitation to Bid No.:

Specification No.: RCBL-035/2549

C

C1

1a

1b

1c

1cd

Form No. 04-6.1/5.96

Material equipment, and specifications for UNDERGROUND POWER CABLES

OF RATED VOLTAGES 22 kV AND 33 kV

General material and packing instructions

Additional to the general instructions, the following shall be observed :

Scope

These specifications cover 22 kV and 33 kV single-core underground power cables
with copper conductor, cross-linked polyethylene (XLPE) insulation, copper wire
screen, and polyethylene (PE) sheath.

Standard

The cable shall be manufactured and tested in accordance with the latest TEC
Publication 228, IEC Publication 502, and IEC Publication 540; unless otherwise

specified in these specifications.

Principal requirement
General
The underground power cables shall be designed, constructed, and installed for
operation under the following conditions.
System voltage . 3-phase, 22 kV and 33 kV,
Rated frequency ! S0 Hz
Conductor temperature
for normal operation : continuously 90°C
for emergency overload condition : 130°C

for short-circuit condition : 385°C
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1c.2 Construction

The construction of the underground power cables shall be according to the

following requirements and technical data as shown in Table 1 and Table 2 .

1.

Conductor
The conductor shall be plain annealed copper and compact round concentric

lay stranded construction conformable to IEC Publication 228.

Conductor Screen
Over the conductor, semi-conductive XLPE shall be extruded as conductor

screen layer.

The average thickness of the conductor screen shall be as the value specified in

Table 1 and Table 2.

. Insulation

The insulation shall be unfilled, no carbon black, XLPE. The conductor screen
layer, the insulation layer and the insulation screen layer shall be provided by

tandem extrusion or simultaneous extrusion and continuous vulcanizer.

Only the dry curing process is required. Conventional steam or hot water

curing processes are not accepted.

The average thickness of the insulation shall not be less than the nominal value

specified in Table 1 and Table 2.

The minimum thickness of the insulation shall not be less than 90 per cent of

the nominal value,

Insulation Screen
Over the XLPE insulation, semi-conductive XLPE shall be extruded as

insulation screen layer.

The average thickness of the insulation screen shall be as the value specified in

Table 1 and Table 2.

Form No. 04-6.1/5.96
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Metallic Screen (Grounding Screen)
The metallic screen shall be a concentric layer of copper wires which is
electrically continuous and bonded together throughout the cable length with

copper contact tape.

The total cross-sectional area and minimum number of wires of the metallic

screen shall not be less than the value specified in Table 1 and Table 2.

Synthetic Water Blocking & Cushioning Tape
A non-conductive non-biodegradable water blocking tape shall be applied
either under or over the metallic screen to provide a continuous longitudinal

watertight barrier throughout the cable length.

The tape shall have sufficient thickness to perform well as a thermal stress

relief layer and shall be served as cushioning and bedding.

The tape shall be compatible with other cable materials and shall not create

corroding effect on adjacent metal layer during heat ageing of the cable.

Non-metallic Sheath
The sheath shall be black PE suitable for use with the cable having maximum
conductor temperature of 90°C and 130°C under normal and emergency

condition respectively.

The average thickness of the sheath shall not be less than the nominal value

specified in Table 1 and Table 2.

The minimum thickness of the sheath shall not be less than 80 per cent of the

nominal value.

Form No. 04-6.1/5.96
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1c.3

1c.d

1c.5

Cable marking

On the surface of the sheath, it shall be marked at the interval of about 50 cm, as
follows :

(1) Manufacturer's name and/or Trade mark.

(2) Type of cable.

(3) Type of insulation and sheath.

(4) Rated voltage.

(5) Nominal cross-sectional area.

(6) Year of manufacture.

(7) Others according to manufacturer's design.

Terminal marking
Both terminals of cable in each reel shall be permanently marks with
manufacturer's symbol for verifying the original length. The method of marking

shall be stated.

Cable end sealing
Immediately after factory tests the cable ends shall be sealed or covered with

moisture-proof end caps.

Form No. 04-6.1/5.96

Page 4 0f 12

II



il
Z1Jo ¢ a3ed
96'G/1°9-10 "ON W10

99¢0'0 | 0LF0'0 | ¥SLOO | 16600 es1’o €610 L3E0 ¥Zs0 | WO D,0T 1e 10101pu09d JO JDUE)SISAI "0'P "XBIN
(4 8r (47 8¢ %3 ce 0¢ 8T wur xoidde ‘1ojoweIp [[RIAQ
9T v'e (A I'e 0¢ 61 91 81 i Jeays OI[[B}AW-UOU JO SSAUYIIY,
0¢ 0¢ 0€ 0¢ 0T 0T 0T 0C WNWIUIW “UII0S AIIM JO IOQUINN
¢C ST ST ¢T 01 01 01 01 L WU ‘U2919s 211M 19ddod Jo vale euor09s-sSOId [R10L
S0 wrw *xo1dde ‘uo210s uoTjRMSUI JO SSAWNIIY],
0'6¢ gee 0}3 0'8¢ 0°sc §et $0T 06l e "xo1dde ‘uone[nsul 1940 1jaUIEI(]
¢¢ ww uone[nNSuI JO SSAWOIY ],
<o ww "xo1dde “ud9a1ds 10JoNPUO0I JO SSAWNIIY ],

L99¢ 6¢°EC Ly'81 86°C1 $6'CL SPIT £e'8 S6'9 o %1 F 10}0npuod Jo 1ajeurel( |
139 €S Pe 0¢ 81 ST 9 9 1010NPUOD Ul SAIIM JO Ioquinu "UrjAl
00s 00 ovT ¢8I 0t1 o) 0S ol L 101oNpPUOD JO BaJe [BUOT)IIS-SS0ID [BUITION

9[qeD 1m0 punolsispul) Hd'IX AX ¢C

1 |19E],




II
Z1Jo 9 odeg
96°S/1°9-¥( "ON U0

99¢0°0 | OLPO'O | #SLOO | 16600 £5T0 €610 L3E0 | WD/ J,0C e 101o1pu0d JO 30UBISISAI "0°P "XeJN
8¢S SS Ly 4% (117 8¢ ge s "xoxdde ‘rajoweIp [[e10AQ
LT 9T e €T T 0C w Jeays J1[[e]oW-UOoU JO SSIAUIOIY T,
0t 0¢ 0¢ 0¢ 0T 0T 0T WINWIUTW “UIIIIS LM JO IOQUINN
ST o T cT 01 01 01 NEE WINWITUIW ‘U205 2IIM 1addoo JO BaIe [BUOI]03S-SSOID [E10],
S0 Rited "xoixdde ‘uasros uonensur Jo ssowyory |,

0t Sov $'se 0°€¢ 0°0¢ $'8C $'sT ww "xoxdde ‘wone[nsul JIA0 IjoWRI(
08 oL UONE[NSUI JO SSAWIIY T,

$o wu "xoldde ‘uaa10s 10J0NPUOI JO SSIYIIY ],

LY9¢ i1 Ly'81 86°CI S6'CI Y1l £e'8 e %1 + 10300pu09 JO Iajourel(]
€S €S P 0€ 81 S1 9 1010NPUOD UI SAAIM JO IIQUINY "UTJA]
00§ 00% (lid G8I 0zl S6 0s wr 10JoNpU0D JO BAIR [RUOTOIS-SSOID [RUIWION

Slqe)) Iamod punorsidapu(] Hd'TX A €€

c=l4el




id

Packing

The cables shall be packed on non-returnable wooden reels with hub
reinforcements. Reels shall be closely lagged with suitable wooden battens to
protect the cables against damage. After lagging, the galvanized steel wire or steel
strap shall be fitted to the battens over each flange of the reel. Overall outside
diameter of reel shall not exceed 2.0 meters . The wooden parts of reels shall be
treated with water-borne wood preservatives, Chromated Copper Arsenate (CCA),
according to Group 3 of TIS 515, see Table 3, to a dry net salt retention of 12.0
kg/ms; or suitably impregnated under pressure with an approved wood

preservative.
Table 3
Active Ingredients of CCA
TIS 515 -2327
Description Group 3
Type 1 Type 2 Type 3
Copper, as CuO % 16.0 - 20.9 18.0-22.0 17.0~21.0
Chromium, as CrO, % 59.4-69.3 33.0-38.0 44.5-50.5
Arsenic, as, As,O; % 14.7-19.7 42.0-48.0 30.0 - 38.0

The standard length of cable per reel, size up to 240 mm’ shall be 500 m +10m .

The length of cable per reel if proposed more than the specified standard length can be
accepted but the overall outside diameter of reel shall not exceed 2.0 m .

Cable length of the last reel can be adjustable to meet the length specified in the
purchase contract but not less than 50 per cent of the length of cable per reel

On acceptance, the measured length of cable in each reel shall not be less than the
packing length shown on the reel.

The reel shall be marked with at least the followings :
1) Cable type and size .

2) System voltage .

3) Manufacturer's name and/or Trade mark.

4) Contract number and Year of manufacture .

5) Length of cable.

6) Gross weight and Net weight .

7) Other according to manufacturer's design .

Form No. 04-6.1/5.96
Page 7 of 12
1I



le
le.d

le.2

1e.3

led

le.5

Tests and Test reports

Type tests
The proposed cable shall have successfully passed the type tests in accordance
with the latest relevant standard.

The test reports shall be submitted either prior to receipt of bids or fifteen (15)
calendar days from the bid closing date .

The above type tests may be omitted if a record of tests made on identical ones can
be supplied.

The type tests shall be as follows :

a) Bending test, plus partial discharge test.

b) Tan & measurement as a function of the voltage and capacitance measurement.
¢) Tan ® measurement as a function of temperature.

d) Heating cycle test, plus partial discharge test.

e) Impulse withstand test, followed by a power frequency voltage test.

f) High-voltage alternating current test.

g) Tests for determining the mechanical properties of insulation before and after ageing.
h) Tests for determining the mechanical properties of sheath before and after ageing.
i) Additional ageing test on pieces of complete cables. '
j) Water absorption test on insulation.

Routine tests

Routine tests shall be made on all cable lengths in each reel in accordance with the
reference standard as follows :

a) Measurement of the electrical resistance of conductors.

b) Partial discharge test.

c) High-voltage test : A.C. voltage test or D.C. voltage test.

d) Insulation resistance test.

Special tests

Special tests shall be made in accordance with the reference standard as follows :

a) Conductor examination.

b) Dimensional verification:
b.1) Measurement of thickness of insulation and of non-metallic sheath.
b.2) Measurement of external diameter.

c) Electrical test for cables : voltage test for 4 h.

d) Hot set test for XLPE insulation.

Three (3) sets of routine tests and special tests reports shall be submitted at
the time of delivery.

The costs of all tests and test reports shall be borne by the Contractor.

Form No. 04-6.1/5.96
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C2

2a

2b

2¢

- 9 -
Material and packing data to be given by bidder

For each item offered, the following details shall be submitted :

Guarantee performance data of 22 and 33 kV underground power cables (See

Pages 10 of 12 to 12 of 12).

Tllustration of the cable
An illustration shall be submitted, showing the conductor, screen, insulation, and

sheath .

Packing detail

Packing method (shown by drawing(s), describe packing materials, and details of
wood treatment, name and composition .

Principal dimensions of reel in cm .

Gross weight of each reel in kg .

Net weight of each reel in kg .

Length of uncut cable per reel inm .

Form No. 04-6.1/5.96
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Invitation to Bid No. :

Specification No. : RCBL-033/2548

L

1

1a

1b

1c

1cd

Material, equipment, and specifications for CABLE TERMINATION KITS FOR

22 kV_AND 33 kV XLPE CABLES
General material and packing instructions

Additional to the general instructions, the following shall be observed :

Scope

These specifications cover outdoor and indoor cable termination kits to be used with
underground cable 22 kV & 33 kV single-core copper conductor, cross-linked polyethlene
insulated, copper wires screen and polyethylene or polyvinyl chloride sheath.

Standard

The cable termination kits shall be manufactured and tested in accordance with the latest
revision of IEEE standard 48, DIN 57278/VDE 0278 or equivalent; unless otherwise
specified in these specifications. The cable termination kits conforming to other national
standards having similar characteristics and quality may be proposed.

Principal requirement

General

The cable termination kits shall be suitable for use in tropical climatic area and highly
contaminated atmosphere and shall be capable of operating at its full ratings in the
following conditions mentioned.

Termination housing, modules or skirt shall be made of non-tracking, weather and ultra
violet resistant materials. Stress control for cable shield terminus may be molded stress
cone, voltage gradient tube, or stress grading pad. Stress control by tape wrapping shall

not be accepted.

Form No. 04-6.2/2.96
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1c.2 Site and service conditions
The cable termination kits shall be designed and manufactured for installation and

operation under the following conditions
Altitude - up to 1,500 m above sea level
Ambient air terperature  : 70° C, maximum
: 35° C, average on one (1) day
System voltage : 3-phase, 22 kV & 33 kV solidly grounded neutral
Rated frequency : 30 Hz

1c.3 Outdoor cable termination kit

The outdoor cable termination kit shall be Class 1 in accordance with IEEE Standard 48
or equivalent, and housing materials shall be Silicone rubber or EPDM rubber of
premolded slip-on type, premolded shrinkable type (cold shrinkable), or heat shrinkable
tubing type; but in case of being specified the particular type in the C3 Schedule of
detailed requirement the bidder shall quote the same type as specified, otherwise the

quotation shall not be considered.

The termination kit shall be provided with -

1) The cable lug at underground copper cable side, compression type, two-hole NEMA
pad, made of copper or copper alloy with tin plated, suitable for connecting to copper
conductor having diameter as specified in Table 1 and Table 2. The connector shall
be furnished with mounting hardware : two (2) bolts, two (2) nuts, two (2) flat round

washers, and two (2) spring lock washers of stainless steel,

2) The cable lug at bare aluminium conductor side, compression type, two-hole NENA
pad, made of aluminjum alloy suitable for connecting to aluminium conductor

having diameter as specified in Table 3. If not required it shall be specified in  C3

Schedule of detailed requirement.

Form No. 04-6.2/2 .96

Page 2 of 7

I




1cd

1c.5

3) Termination mounting bracket, for cross-arm section range of 100 mm x 100 mm to
120 mm x 120 mm (with carriage bolts of not less than 150 mm long). The bracket
shall be similar to NEMA type, and hot-dip galvanized conforming to ASTM
Designation A 153 or equivalent.

4) Installation materials ; such as :

- clamping device for fixing the cable and termination to the mounting bracket, if any,
made of non-magnetic corrosion resistant material.

- grounding device for earthing.

- seal to prevent the entrance of the foreign particle and moisture into the cable.

- instruction and accessories.
Indoor cable termination kit
The indoor cable termination kit shall be in accordance with IEEE standard 48, DIN
57278/VDE 0278, or equivalent, and may be premolded slip-on type, premolded
shrinkable type (cold shrinkable) or heat shrinkable tubing type.
Each termination kit shall be provided with :
1) The cable lug at underground copper cable, compression type, 1-hole NEMA pad.
2) Grounding device for earthing, instruction, and accessories.
Manufacturing Experience
The manufacturer of the required cable termination kits must have experience in
producing the terminations which are in the same types as specified herein not less than
five (5) years and which have successfully passed all the type tests and design tests
according to the stated reference standard or any reputable standards.
As an evidence that all the foregoing requirements have been met, a bidder will provide

the documents when submitting his bid.

Form No. 04-6.2/2.96
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1c.6 Tests and Test reports

1d

The proposed cable termination kit shall have successfully passed all the type tests or
design tests in accordance with the reference standards.
The test reports shall be submitted either prior to receipt of bids or fifteen (15) days from

the bid closing date.

The above type tests may be omitted if a record of tests made on identical ones can be

supplied.

Standard factory tests shall be made in accordance with routine tests stated in reference
standards.

Three (3) sets of routine tests shall be submitted at the time of delivery.

Packing

The cable termination kits shall be packed individually with installation instructions and
list of materials to be supplied for each termination kit.

If any part is packed in the cartons for containerized shipment, the cartons shall be

arranged into pallets so as to facilitate their movement by fork lift trucks.

Form No. 04-6.2/2.96
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C2 Material and packing data to be given by bidder

2a  Technical proposals

The attached sheets for outdoor and indoor terminations are the forms for filling
technical data.
All blanks shall be filled in with the required information and figures.

2b  Drawing with main dimensions and exact installation instruction of termination and
drawing of mounting bracket shall be submitted with the bid.

2¢  List of special tools with itemized prices, if any.

2d  Packing details

Principal dimensions of each package in cm .
Gross weight of each package in kg .
Number of packages in each case .
Principal dimensions of each case in cm .
Gross weight of each case in kg .
Volume of each case inm’ .

Number of cases .

Form No. 04-6.2/2.96
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Invitation to Bid No.:

Specification No.: R-629/2543

C3 Schedule of detailed reauirement

Item Material Quantity Deseription
No.

1 02270004 sef(s) | Cable support grip, stainless steel wire, single or double weave, closed mesh,
endless (no metal sleeves at end), single offset flexible eye, for supporting
vertical and horizontal runs of cables, outdoor used.

Application : for underground cable having outside
diameter of 39-44 mm (size 240 mm’ 22 kV)

Minimum breaking strength  : not less than 1,500 Ibs

Grip length : not less than 400 mm

2 02270006 set(s) | Ditto as Item 1, but :

Application : for underground cable having outside
diameter of 45-50 mm (size 400 mm” 22 kV,
240 mm” 33 kV)

Minimum breaking strength  : not less than 2,000 Ibs

Grip length : not less than 450 mm

3 02270008 set(s) | Ditto as Item 1, but :

Application : for underground cable having outside diameter
of 51-63 mm (size 500 mm’ 22 kV, 400 mm’
33kV 500 mm’ 33 kV)
Minimum breaking strength  : not less than 3,000 Ibs
Grip length . not less than 500 mm
4 02270003 set(s) | Cable support grip, stainless steel wire, single or double weave, split mesh, lace

closing, endless (no metal sleeves at end)single offset flexible eye, for

supporting vertical and horizontal runs of cables, outdoor used.

Application

Minimum breaking strength
Grip length

: for underground

cable having outside

diameter of 39-44 mm (size 240 mm’ 22 kV)

: not less than 1,500 lbs

: not less than 400 mm



Invitation to Bid No.:
Specification No.: R-629/2543

C3 Schedule of detailed reguirement i : —

A S T e
Item Material Quantity Description
No.
5 02270005 set(s) | Ditto as Item 4, but :
Application : for underground cable having outside
diameter of 45-50 mm (size 400 mm” 22 kV,
240 mun” 33 kV)
Minimum breaking strength  : not less than 2,000 Ibs
Grip length : not less than 450 mm
6 02270007 set(s) | Ditto as Item 4. but :
Application : for underground cable having outside
diameter of 51-63 mm (size 500 mm’ 22 kV,
400 mm’ 33 kV 500 mm’ 33 kV)
Minimum breaking strength  : not less than 3,000 Ibs
Grip length . not less than 500 mm
7 02270009 set(s) | Cable support grip, galvanized steel wire mesh, closed mesh, offset flexible eye,
for supporting three (3) underground cables together (size 240 mm” 22 kV or
size 240 mm” 33 kV).
Grip diameter range (overall
diameter of three (3)
underground cable : from 90 mm to100 mm, or better
Grip length or mesh length . not less than 900 mm
8 02270010 Cable support grip, galvanized steel wire mesh, closed mesh, offset flexible eye,

II

for supporting three (3) underground cables together (size 50 mm” 22 kV or size
50mm’ 33kV).

Grip diameter range (overall

diameter of three (3)
underground cable : from 65 mm to75 mm, or better
Grip length or mesh length : not less than 580 mm
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Invitation to Bid No.:

C

C1

1a

1b

Material, equipment, and specifications for THREE-PHASE TRANSFORMERS FOR 22 kV AND
33 kV 50 Hz DISTRIBUTION SYSTEMS WITH ABILITY TO WITHSTAND SHORT CIRCUIT

General material and packing instructions

Additional to the general instructions, the following shall be observed:

Scope

These specifications cover three-phase transformers, oil-immersed, natural self-cooled, power range
from 50 kVA to 2,000 kVA, designed and constructed to withstand without damage the thermal and
dynamic effects of external short circuits, suitable for outdoor installation on 22 kV and 33 kV 50 Hz

distribution systems.

Standards
The transformers shall be manufactured and tested in accordance with the latest edition of the

following standards:

Thailand Industrial Standard (TIS)

TIS 384 Power Transformers

International Electrotechnical Commission (IEC)
IEC 60076-1 Power transformers — Part 1: General
IEC 60076-5  Power transformers — Part 5: Ability to withstand short circuit

And all other relevant standards, unless otherwise specified in these specifications.

LV bushings shall be in accordance with the DIN 42530, unless otherwise specified in these
specifications.

The transformer oil shall be in accordance with the latest IEC 60296,

PEA will accept the type test reports carried out according to previous standard/edition, if there is no

significant change in any item or no additional test item compared with the last standard/edition.

On the other hand, if there are significant(s) and/or additional test item(s), PEA will remain to accept
the type test reports carried out according to previous standard/edition for three (3) years. After three
(3) years, the type testing shall be done to complete type test reports for the changed and/or additional

test item(s) including related item(s) (if any).
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ic Principal requirement
le.d Service conditions and installation
The transformers shall be designed and constructed for outdoor installation and operation under the
following conditions:
Altitude : up to 1,000 m above sea level
Ambient air temperature : 40°C, maximum

30°C, monthly average, of the hottest month

Relative humidity : upto94%
Climate condition . tropical climate
Transformer Rating
Installation
(kVA)
50-250 on concrete pole and on platform
315-1,500 on platform and on concrete foundation
2,000 on concrete foundation

1le.2  Oil preservation system
The transformers of 50 kVA to 500 kVA shall be permanently sealed and completely oil filled system

(without gas cushion) type (usually corrugated tank). The transformer tank cover shall be bolt
tightened to the tank with suitable gasket sealing.

The transformers of 630 kVA to 2,000 kVA shall be conservator system type.

1c.3  Rating
1. Rated power

The rated power, on continuous operation, for transformers shall be as follows:

50 kVA 500  kVA
100 kVA 630  kVA
160 kVA 1,000 kVA
250 kVA 1,250 kVA
315 kVA 1,500 kVA
400 kVA 2,000 kVA

2. Rated voltages

Rated Primary Voltage Rated Secondary Voltage
22kV,33kV 400/230 V

3. Rated frequency: 50 Hz
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le4  Core and windings

The cores and windings of transformers shall be as follows:

Transformer . HV and LV Construction of Windings
. Construction .
Rating fC Windings shall AV windi LV windi
of Core windin
(kVA) be made of b g
According to According to According to
50-2,000 manufacturer’s copper only manufacturer’s manufacturer’s
standard standard standard

le.5 Tappings
The primary windings of transformers shall be provided with full capacity of externally-operated

off-circuit tap changers.
Tapping range: *2 x 2.5% of rated primary voltage

The externally-operated off-circuit tap changer shall be designed for de-energized operation with
the operating handle brought out through the cover of the tank. The operating handle shall have

provision for locking and shall give visual indication of the tapping position without unlocking.

The tap changer shall have a locking device to prevent improper use, the operating handle shall be
rotated in clockwise direction from a high tap voltage to a lower tap voltage. The tap changer shall be
provided with stops to identify the highest and lowest tap position. The tap changer positions shall be
identified by the numbers in sequence. The number “1” shall be designated to the highest tap voltage.
Consequently the number “5” indicates the lowest tap voltage. These identifications shall be in perfect
correspondence to those indicated in the connection diagram on the nameplate. All five positions of

the tap changer shall be operative positions.

The tap positions shall be indelibly marked with weather-proof paint and in a colour which shall
present distinctive contrast to the surrounding material.

The operating handle of tap changer shall be made from non corrosion metal. Plastic is not acceptable.

le.6  Connection symbol
50 kVA to 160 kVA transformers shall have connection symbol either Dyn 11 or Yzn 11, see “C3
Schedule of detailed requirement”.

The transformers having connection symbol Yzn11 shall have full insulation level at neutral point of

primary winding.

250 kVA to 2,000 kVA transformers shall have connection symbol Dyn 11.
II




PROVINCIAL ELECTRICITY AUTHORITY

nslwhdngiinm TECHNICAL SPECIFICATION DIVISION

THREE-PHASE TRANSFORMERS FOR 22 kV AND 33 kV 50 Hz DISTRIBUTION SYSTEMS
WITH ABILITY TO WITHSTAND SHORT CIRCUIT

s as BT, WEAEERAT NAS ASSD | VG ——, . R S AInA IAE =0 E Meve Al . 2 E Tame ATa N3 _20 | Daan A afF 20

1e.7  Losses and short - circuit impedance
The specified or guaranteed losses plus positive tolerance, for each transformer unit, shall not be more
than the figures in the table below.
Short-circuit impedance shall be measured on the principle tapping of 22 or 33 kV at 75°C.
Short-circuit impedance of the offered transformers shall be as specified in the table below and have

tolerance according to the relevant standard.

Watt Loss
Transformer Short-circuit Impedance
Rating il at 75°C
(KVA) No-load loss, for system voltage of : Load ioss %)
22 kV 33kV at75C
50 160 170 950 <
100 250 260 1,550 4
160 360 370 2,100 4
250 500 520 2,950 4
315 600 630 3,500 4
400 720 750 4,150 4
500 860 900 4,950 6.5 or more
630 1,010 1,050 5,850 4
1,000 1,270 1,300 12,150 6
1,250 1,500 1,530 14,750 6
1,500 1,820 1,850 17,850 6
2,000 2,110 2,140 21,600 6

1e.8  Limits of temperature-rise, above 40°C ambient temperature
Of top oil : not exceeding 60 K

Of winding  : not exceeding 65 K

1c.9 Insulation level

The insulation level of HV windings, L.V windings and connected parts of transformers shall be as follows:

Insulation Level
Nominal System Voltage Impulse Test Voltage Power Frequency
(kV, r.m.s.) Full-wave Test Voltage, 1-min
(kV, peak) (kV, r.m.s.)
22 125 50
33 170 70
0.4/0.23 = 3
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1¢.10 Bushings

1. Number and location
Each transformer shall have three (3) high-voltage bushings and four (4) low-voltage bushings
located on the cover of the tank.
Secondary neutral point of transformer shall be brought out by separate-insulated bushing(s) and
loaded with rated current.

2. Material
Transformer bushings shall be made of good commercial-grade wet-process porcelain.
The entire porcelain surface of the bushings that will be exposed after assembly shall be glazed.
The colour of the glaze shall be brown.

3. [Electrical characteristics
Transformer bushings shall be capable of withstanding the impulse and low-frequency voltage

according to Table 5 of TIS 384.

lc.11  Terminal connectors
HV bushings shall be equipped with solderless clamp type connectors for aluminium conductor

diameter range from 7.5 mm to 12.6 mm (sizes 35-95 mmz) ;

Only for 50 kVA to 1.250 kVA transformers: L'V bushings shall be equipped with terminal pad
connectors (stud type connectors are preferable), of high conductivity bronze and hot-tin dipped. The
terminal pads shall be drilled in accordance with NEMA Standards (9/16” holes on 1 3/4” centers);
each hole shall be furnished with one (1) bolt M 12 x 60 mm (of at least 50 mm thread length), one (1)
nut, two (2) flat washers, and one (1) lock washer; details of terminal pads shall be according to
Drawing No. SA4-015/47002. The connectors shall be provided with mounting hardware (bolts, nuts,

washers, and lock washers) of stainless steel or better.

Only for 1.500 kVA to 2,000 kVA transformers: LV bushings shall be equipped with solderless clamp
type connectors (stud type connectors are preferable), of high conductivity bronze and hot-tin dipped,

for aluminium and copper conductor sizes, and number of circuits take off shall be as follows:

Transformer Rating Applicable to Aluminium and Copper Conductors Number of
(kVA) diameter range (mm) sizes (mmz) Circuits
1,500 18.4-29.2 240 - 500 4
2,000 18.4-29.2 240 - 500 6

The connectors shall be provided with mounting hardware (bolts, nuts, washers, and lock washers) of

stainless steel or better. The details of connectors shall be according to Drawing No. SA4-015/47002.
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1¢.12 Tank and Tank finish
Tank and cover shall be constructed of welded steel plate suitable reinforced. The joints between the
tank and cover shall be provided with suitable flanges properly bolted together with gaskets.
Gaskets between metal surfaces shall be set in grooves or held in position by retainers so arranged that
all parts are bolted metal-to-metal. The gaskets shall be made of resilient material which will not
deteriorate under the action of hot oil and will remain oil-tight. Gaskets of such material which can be

easily damaged by overpressing are not acceptable.

The transformer tank shall be finished with mounting bracket for surge arrester (Surge arrester
polymer housing type supplied by PEA) and shall be furnished with three (3) earthing terminal
provided for ground leads of surge arrester, see Drawing No. SA4-015/50008.

Interior surface shall be finished with oil resistant paint.
Exterior surface shall be painted with a primer coat and not less than two (2) finish weather-resistant

coats of grey color (RAL 7036).

1e.13 Marking
PEA’s code number and word “SHORT CIRCUIT WITHSTAND” shall be painted, in orange, on
the transformer tank (for transformer having no conservator) or on the conservator tank (for
transformer having conservator) at the position that enables a clear observation, and also be legibly

and durably inscribed on the metal part of nameplate. The code number and dimensions of each letter
to be marked shall be given by PEA after the final of bid consideration.

le.14  Accessories
The 50 kVA to 2,000 kVA transformers shall be furnished and equipped with the following accessories:
1. HV and LV bushings, with terminal connectors
2. Bird guard cap (bushing cover), ultra-violet and track resistant material, e.g. polypropylene,
neoprene, etc; which is suitable for exposure to sunlight
3. Earthing terminal for surge arrester, with solderless clamp type connector suitable for flexible
copper insulated ground lead size 16 mm’, 430 mm long. (See Drawing No. SA4-015/50008)
Tap changer
Thermometer pocket
Nameplate with connection diagram
Oil drain valve with plug or cap, installed at the lower part of the tank
. Sludge drain plug, installed at the bottom of the tank

© o N L oA

. Earthing terminal, with solderless clamp type connector suitable for steel stranded conductor

diameter of 9.0 mm (size 50 mmz); complete with lockwasher of stainless steel or better.
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10. Lifting lugs

11. Lifting eyes on the cover

12. Oil level gauge

13. Compression type cable lug, for aluminium conductor diameter of 7.5-9.0 mm (sizes 35-50 mm’),
suitable for connecting between HV bushing and surge arrester lead conductor.

14. Only for 50 kVA to 250 kVA transformers: Pressure relief valve on the tank cover, oil filling plug on
the tank cover, and supporting lugs for hanging the transformer tank to pole by using two (2) M 16
machine bolts.

The Iugs shall have 600 mm spacing; 500 mm or 400 mm spacing may be used when tank height
will not permit the 600 mm dimension. (See Drawing No. SA4-015/50008)

Only for 315 to 500 kVA transformers: Pressure relief valve on the tank cover, and oil filling plug
on the tank cover.

Only for 630 kVA to 2,000 kVA transformers: Pressure relief valve on the tank cover, oil

conservator with dehydrating breather and oil level gauge. The cylinder of dehydrating breather
shall be of transparent glass. The dehydrating breather shall be easy replaced and filled with silica-
gel not less than 1.0 kg,

15. Only for 315 kVA to 2,000 kVA transformers: Transport rollers
16. Only for 1,000 kVA to 2,000 kVA transformers:

(2) Dial type thermometer with adjustable contact(s)
(b) Double float Buchholz relay having two (2) contacts (for alarm and tripping)

17. Other necessary accessories according to manufacturer’s design.

1c.15 Initial oil filling
The transformers shall be supplied with initial oil filling. The oil shall be according to IEC 60296,
high-quality, clean and dry.
The oil shall be free from Polychlorinated biphenyls (PCB).

lc.16 Nameplate
The following minimum nameplate information shall be legibly and durably inscribed on the metal
part of nameplate:
(1) Manufacturer’s name
(2) Manufacturer’s serial number
(3) Year of manufacture
(4) PEA’s code number
(5) Contract number
(6) Number of phases
(7) Rated frequency in Hz
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(8) Rated power in kVA
(9) Rated voltage in V
(10) Rated current in A
(11) Rated secondary short-circuit withstand current in kA r.m.s.
(12) Tapping voltages in V
(13) Connection symbol
(14) Short-circuit impedance in %
(15) Connection diagram
(16) Type of cooling
(17) Oil quantity in liters
(18) Total mass in kg
(19) Wording “SHORT CIRCUIT WITHSTAND”

1e.17 Bushing location and Mark terminal

Bushing shall locate as shown in the Figures below:

Low-Voltage Side

High-Voltage Side
Figure 1: 50-250 kVA Tank top view

Low-Voltage Side

High-Voltage Side

Figure 2: 315 -2,000 kVA Tank top view

The letters A, B, C, a, b, ¢, and n, shall be durable marked on transformer tank beside bushings

consequently; Mark by painting shall not be accepted.
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Mass

For 50 kVA to 160 kVA transformers: Mass of complete transformer with oil and accessories shall not
be more than 1,000 kg.

For 250 kVA transformers: Mass of complete transformer with oil and accessories shall not be more
than 1,200 kg.

Tolerlance of the mass of proposed complete transformers with oil shall be within + 5 percent of the
declared mass of transformer which passed type test given by the bidder in 2a Performance data and
guarantee of three-phase transformer (Page 18 of 20) but the maximum mass shall not exceed the

above allowable mass.

Packing

For transformers manufactured outside the territories of Thailand, each transformer shall be seaworthy

packed in individual export crate or wooden case which will not be returned.

For transformers manufactured within the territories of Thailand, each transformer shall be packed in

individual crate or wooden case which will not be returned.

Only for 50 kVA to 160 kVA transformers for 22 kV system and 50 kVA to 100 kVA transformers

for 33 kV system, each crate or wooden case shall be strong enough for stacking over with at least

another one.
If the crate or wooden case is made of rubber wood (Yang-para), the wooden parts shall be treated
with wood preservative.

The details of wood treatment shall be described.
Tests and test reports

Routine test

Each transformer shall pass the manufacturer’s standard routine tests, and also pass the following tests
in accordance with the relevant standards:

(1) Measurement of winding resistance

(2) Measurement of voltage ratio, and check of phase displacement
(3) Measurement of short-circuit impedance

(4) Measurement of load loss

(5) Measurement of no-load loss

(6) Induced overvoltage withstand test

(7) Separate-source voltage-withstand test

(8) Oil dielectric strength test
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le.2 Type test
The following type tests shall be in accordance with the relevant standards:
(1) Temperature-rise test
(2) Impulse withstand voltage test
Type test shall be made on only one (1) unit of each rating.
The transformers shall be passed all items of the type tests, conducted by the acknowledged

independent testing laboratories.

The following independent testing laboratories are accepted by PEA:

- KEMA : KEMA Laboratories (Holland)

- V’Fall : Statens Vattenfallsverk, The Swedish State Power Board (SWEDEN)
- CRIEPI : Central Research Institute of Electric Power Indusiry (JAPAN)

- EdF . Electricite de France (FRANCE)

- CESI :  Centro Elettrotecnico Sperimentale Italiano (ITALY)

- PLI :  Powertech High Power Laboratory (CANADA)

- TCA . Testing and Certification (AUSTRALIA)

- OHT . Ontario Hydro Technologies (CANADA)

- EGAT The Electricity Generating Authority of Thailand (THAILAND)

" ey : Testing Laboratory, Electrical Engineering Department, Faculty of Engineering,
Chulalongkorn University (THATLAND)

- SATS . Scandinavian Association for Testing Electric Power Equipment (NORWAY)

ASTA :  ASTA Certification Services (UK)

The bidder are at liberty to quote the transformers which are tested at the other independent testing
laboratories not mentioned above, but have to be subjected to approval of PEA before the tests are
proceeded.

PEA will also accept the transformers have been supplied to PEA and get the order from PEA’s
Procurement Department (From PEA’s Head Office), without tests reports by laboratories mentioned
above.

The bidders have to submit the type test reports within fifteen (15) calendar days of the bid closing
date. The Item offered without submitting the type test reports shall be rejected.

The costs of all tests and test reports shall be borne by the Contractor.
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Special test

Short-circuit withstand test

The transformers shall be passed short-circuit withstand test in accordance with the latest IEC 60076-5.

The transformer is considered similar to another transformer taken as a reference if it has the following

characteristics in common with the latter:

(1

(2)

(3)

(C)]

(5)

(6)

(7)

(8)
©)

Same type of operation, for example generator step-up umit, distribution, mterconnection
transformer and same rated voltage according to TABLE 1;

Same conceptual design, for example dry-type, oil-immersed type, core type with concentric
windings, sandwich type, shell type, circular coils, non-circular coils;

Same arrangement and geometrical sequence of the main windings;

Same type of winding conductors, for example, aluminium, aluminium alloy, annealed or hardened
copper, metal foil, wire, flat conductor, continuously transposed conductors and epoxy bonding,
ifused;

Same type of main windings for example, helical-, disc-, layer-type, pancake coils;

Absorbed power at short circuit (rated power/per unit short-circuit impedance) between 30% and
130% of that relating to the reference unit, see TABLE 2;

Axial forces and relative winding stresses (ratio of actual stress to critical stress) occurring at
short circuit not exceeding 120% of those in the reference unit;

Same manufacturing processes;

Same clamping and winding support arrangement.

In case of the bidder does not prepare data in item (5) and (7) for PEA consideration, the bidder may

submit the value of current density and ampere-turns of primary and secondary winding of the

proposed transformers and the values shall not be more than the transformer of the submitted short-

circuit withstand test report.

In this case, the bidder shall submit the additional information of the proposed and tested transformers as

shown in TABLE 3: Design data of the reference transformers and the proposed transformers

and the necessary information in order to show that the special test report can prove the performance of

the proposed transformers.
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TABLE 1

Type of operation and rated voltage of the transformers similar to the reference transformer

Type and Rated voltage The reference transformer The proposed transformers
Type 3 Phase only 3 Phase
Rated primary voltage 22 kVor 24 kV 22 kV
Rated primary voltage 33kVor3skVv 33kV
Rated secondary voltage (3 phase) 400/230 V or 416/240 V 400/230 V
TABLE 2

Rated power of the transformers similar to the reference transformer

Rated power (kVA) of
No. Rated power (kVA) of the proposed transformers
the reference transformer
1 100 50 | 100
2 160 50 | 100 | 160
3 250 100 | 160 | 250 | 315 500"
4 315 100 | 160 | 250 | 315 | 400 | 500"
5 400 160 | 250 | 315 | 400 | 500"
6 500 100 | 160 | 250 | 315 | 400 | 500"
7 630 250 | 315 | 400 | 500" | 630 | 1,000
8 1,000 250 | 315 | 400 | 500" | 630 | 1,000 | 1,250
9 1,250 250 | 315 | 400 | 500" | 630 | 1,000 | 1,250 | 1,500
10 1,500 315 | 400 | 500" | 630 | 1,000 | 1,250 | 1,500
11 2,000 400 630 | 1,000 | 1,250 | 1,500 | 2,000
Note :

® Based on 6.5 % short-circuit impedance, In case the bidder propose the transformers or the

reference transformer having short-circuit impedance more than 6.5 %, the absorbed power at
short circuit of the reference and the similar transformer shall be re-calculated and submitted to

PEA for consideration.
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The transformers shall be passed the short-circuit withstand test according to IEC 60076-5

conducted or inspected by the acknowledged independent testing laboratories as follows:

- KEMA :  KEMA Laboratories (Holland)

-V’ Fall . Statens Vattenfallsverk, The Swedish State Power Board (SWEDEN)
- CRIEPI  : Central Research Institute of Electric Power Industry (JAPAN)

- EdF . Electricite de France (FRANCE)

- CESI :  Centro Elettrotecnico Sperimentale Italiano (ITALY)

= PLI 1 Powertech High Power Laboratory (CANADA)

- TCA :  Testing and Certification (AUSTRALIA)

~ QHT :  Ontario Hydro Technologies (CANADA)

- SATS ¢ Scandinavian Association for Testing Electric Power Equipment (NORWAY)
- ASTA : ASTA Certification Services (UK)

- EGAT :  The Electricity Generating Authority of Thailand (THAILAND)

PEA shall accept only the short-circuit withstand test report from independent testing laboratories
mentioned above, in case the bidders submit the report from the other testing laboratories not

mentioned above, the report shall be rejects.

If the laboratories intend to use PEA’s power system as power supply for the short-circuit withstand
testing, the transformer’s manufacturer or the laboratories shall submit technical documents of the test
such as test procedure, test circuit diagram, test and protection equipment, testing date and calculation
of voltage drop in PEA’s power system caused by the test to PEA for consideration and approval
before the tests are proceeded.

PEA reserves the right to send representatives to inspect and witness the test.

It is responsible of the laboratories to compensate all failure or damage occurred to PEA’s power

system caused by the test.

The bidders have to submit the short-circuit withstand test report within fifteen (15) calendar days of
the bid closing date. The Item offered without submitting the special test report shall be rejected.
The costs of all tests and test reports shall be borne by the Contractor.
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C2 Material and packing data to be given by bidder

The bidder has to submit the following data and details of transformers and accessories:

2a Performance data and guarantee of the three-phase transformers.
(Vide Pages 16 to 18 of 20)

2b Drawing of overall transformer with dimensions in mm showing of particulars of normal

construction details

2c Drawings, with dimensions in mm, of the following accessories:
1. HV and LV bushings
2. Terminal connectors, on HV and LV bushings, with description of materials used for the
component parts
Nameplate with connection diagram
Valve, showing the internal construction
Earthing terminal connector
Dehydrating breather, and details of coupling
Bracket for surge arrester

Earthing terminal for surge arrester

Ll N A

Accessories according to manufacturer’s design, if any

2d Catalogues and/or drawings with details of the following accessories:
1. Dial type thermometer
2. Double float Buchholz relay
3. Pressure-relief valve

4, Pressure-relief vent (explosion vent) with bursting plate
2e Specifications of transformer oil and test report
2f List of routine test
2g Type test report
2h Short-circuit test report

2i Others necessary information in order to show that the special test report can prove the

performance of the proposed transformers.

2j Bidder shall propose and quote for recommended spare part list with separate price for each

offered item (e.g., bushings)
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2k Packing details
Packing method (shown by drawing(s), and describe packing materials)
Number of transformers in one (1) crate or wooden case (one)
Overall dimensions (L x W x H) of each crate or wooden case in cm
Volume of each crate or wooden case in m’
Gross weight of each crate or wooden case in kg

Number of crates or wooden cases
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Invitation to Bid No.:

2a Performance data and guarantee of three-phase transformers

Item oo,
Manufacturer’s name and country of origin
Type or model
Applied standard
Rated power kVA
Rated frequency Hz
Rated primary voltage v
Rated secondary voltage v
Connection symbol Dynll/Yznll
Type of oil preservation system =
Operation duty: continuous operation (Type DB) Yes/No
Max. temperature rise of winding, at full load K
Max. temperature rise of top oil, at full load K
Primary tapping: off-circuit condition Yes/No
Number of steps of primary tapping Steps
Per cent of rated voltage of each tapping %
No-load current & Tolerance % & Y% &
Short-circuit impedance at 75°C & Tolerance % & % &
Losses, for each transformer unit
No-load loss plus positive tolerance W
Load loss, plus positive tolerance, at 75°C W
Efficiency in %, at 75°C and at load:
1/2 of rated power and P.F. = 1.0 %
1 of rated power and P.F. = 1.0 %
Voltage regulation at P.F. = 1.0 %
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Construction of winding

Ttem .cocoerennnnn.
Bushings LV
Manufacturer’s name %
Country of origin =
Applied standard 2
Rated current A
Full-wave impulse withstand voltage, or BIL kV, peak
Low-frequency dry 1-minute test voltage kV, rm.s.
Low-frequency wet 10-second test voltage kV, rm.s.
Protection class -
Colour of glazing 2
Stud thread size, Metric -
Secondary neutral point is loaded with rated current Yes/No
Terminal connectors on HV and LV bushings
Manufacturer’s name =
For copper conductor diameter range (HV side) mm
For aluminium conductor diameter range (HV side) mm
For copper conductor diameter range (LV side) mm
For aluminium conductor diameter range (LV side) mm
Number of circuits, take-off (LV side) Circuits
Terminal pads are according to PEA’s Drawing No. SA4-015/47002 | Yes/No
Winding LY
Manufacturer’s name =
(the bidders have to quote not more than three (3) manufacturers)
Country of origin &
Material: copper Yes/No
Type of enamel or insulating material of wire -
Size of wire
- for HV side (diameter) mm
- for LV side (dimension) mm X mm
Resistance per phase at 75°C Ohm
Full-wave impulse withstand voltage, or BIL kV, peak
Power-frequency test voltage, 1 min kV, r.m.s.

Core
Manufacturer’s name
(the bidders have to quote not more than three (3) manufacturers)

Country of origin




PROVINCIAL ELECTRICITY AUTHORITY

TECHNICAL SPECIFICATION DIVISION

THREE-PHASE TRANSFORMERS FOR 22 kV AND 33 kV 50 Hz DISTRIBUTION SYSTEMS
WITH ABILITY TO WITHSTAND SHORT CIRCUIT

~ P .. T T OmER AT na A mma l . L IR B PR WL Y_T-FN { T, AT . A | Teseee AT 3 20 l Boama 10 ~F AN

1713

Pressure relief valve -

Manufacturer’s name =

Country of origin =

Type or model %

Operating pressure kg/cm2

Flow rate at...... kg/cm2 cc/sec

Method of cooling -

Total cooling surface m’

Brand of oil used for initial filling =

Completely assembled transformer shall withstand, without

permanent deformation, a maximum pressure of kg/cm2
Colour of tank: grey (RAL 7036) Yes/No
Tank finish conforms to PEA’s requirement Yes/No
Quantity of oil filling liters
Mass of core kg
Mass of winding kg
Mass of the part liftable from tank kg
Mass of complete transformer with oil kg
Terminal markings and connections conform to PEA’s requirement Yes/No

Tank Dimensions

Height mm
Width mm
Depth mm
Dimensions of transformer

Overall height mm
Overall width mm
Overall depth mm
Height over cover mm

Detail documents of Item 1 on Page 20 of 20 shall be sent to PEA
before shipment/delivery Yes/No
Other :
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TABLE 3

Design data of the reference transformers and the proposed transformers

Design value of Design value of
Description
the reference transformers the proposed transformers

Rating (kVA)

% Short circuit impedance

Construction of Core

HV Windings, made of

LV Windings, made of
Construction of HV Windings

Construction of LV Windings

HV Current density
LV Current density

Ratio of actual stress to critical stress

Same arrangement of main windings and
geometrical sequence as the reference unit
(Yes/No)

Same clamping and supporting arrangement.

(Yes/No)
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Note: Conditions for documentation and consideration

1. The Contractor has to supply the following documents in English and/or Thai. before
shipment/delivery, for each ordered transformer:
1T  Report of routine tests , report of type tests and report of special test
1.2 Number of turns of each winding, each coil, and each tapping position
1.3 Mass of HV windings and of LV windings

1.4 Type of enamel, temperature class, and size of the enameled wire

The above documents shall be sent to the following address:
Transformer Division
Provincial Electricity Authority
200 Ngam Wong Wan Road, Chatuchak
Bangkok Metropolis 10900
Thailand

2. If the material and packing data given by bidder, which are mentioned on Page 14 and 15 of 20
are estimated or approximate, the bid may be rejected.
3. Delivery time is also one of the important factors to be considered.

4. Partial shipment/delivery is allowed.
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MAX. SIZE AGGREGATE FOR DUCT BANKS SHALL
NOT EXCEED 19 mm {3/ INCH) .

ALL CONCRETE SHALL HAVE A MINIMUM COMPRESSIVE
STRENGTH OF 180 kg/cm’ (ksc) AT 28 DAYS .

TYPE AND SIZE OF CONDUIT IN DUCT BANK AND
UNDERGROUND DUCT BANK SECTIONS FOR L.V. &
H.V. UNDERGROUND CABLE SYSTEMS, SEE DWG.NO. |
SA1-015/52013 (ASSEMBLY NO. 7201) .

THE MINIMUM DEPTH OF L.V. & H.V. SYSTEM FOR l

DUCT BANK lamfiensans Fus g DUCT BANK CONSTRUCTION BY COMPARING
UBY DUCT BANK {ofl- BETWEEN ALL OF SURFACES LEVEL AND THE TOP
OF DUCT BANK ARE AS FOLLOWS :
AInfink g (208
Teanben MINIMUM DEPTH (mm)
DEIRLS SEULLS N SULLSOGY
L.V. SYSTEM H.V. SYSTEM
amzthdussfuomem Tuhuily
FROM GROUND LEVEL AND PAVEMENT LEVEL 450 900
IN GENERAL AREA
mmskines Tuthurivhlu - -
FROM ROAD SURFACE LEVEL IN GENERAL AREA
sk Tufhufommome 1,500 1,500
FROM ROAD SURFACE LEVEL IN HIGHWAY AREA '
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5. ASADRSN DUCT BANK luifhumedefo HANDHOLE v

MANHOLE 5o lU  Toemeod HANDHOLE vEg
MANHOLE femufiofmuanuswunimals rduusdh
VRS eeuen I e  dwy
mmaneu PRz A s gly
wuet sa1-o1s/51011 (meELsznen® Tea)

5.

THE MINIMUM SPACING BETWEEN DUCT BANK AND
PUBLIC UTILITYS OF L.V. SYSTEM & H.V. SYSTEM
SHALL BE SEEN ADDITIONALLY PEA STANDARDS .

DUCT BANK SHALL NOT BE CONSTRUCTED REGULARLY
WITH HANDHOLE OR MANHOLE . BY THE HANDHOLE
OR MANHOLE MUST BE CONSTRUCTED WHEN THE
PULLING TENSION OR SIDE WALL PRESSURE
CALCULATION OF THE CABLE EXCEEDS THE MAXIMUM
ALLOWABLE PULLING TENSION OR SIDE WALL
PRESSURE . THE CALCULATION FOR PULLING
TENSION AND SIDE WALL PRESSURE OF THE CABLE,
SEE DWG. NO. SA1-015/51011 (ASSEMBLY NO. 7124) .
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6. NTSM@NSN DUCT BANK : 8. DUCT BANK CONSTRUCTION :
' W w >
- mefffvesousnetauf 1 Fu vEe 2 $u Aped ~ IN CASE OF ONE CONDUIT LAYER OR TWO
T

RTUEWEY (SLOPE) LWMBEA 1:400 CONDUIT LAYERS, THE MINIMUM SLOPE IS 1:400 .
- mdfiOveseesedoutdbar 3 fu fuly sped - IN CASE OF THREE CONDUIT LAYERS OR MORE,

srmmmben (q10pm lanimenn 1900 THE MINIMUM SLOPE 1S 1-200
V¥ e lvvenifu poUSLS ﬁmm DUCT BANK DUCT BANK MUST BE RETRANSPOSED TO ORIGINAL
Tnfanamnfiussudunoudn MANHOLE vp POSITION BEFORE ENTERING TO THE NEXT
HANDHOLE W1y MANHOLE OR HANDHOLE .

8. lrsperssps ey BaasuuTsn Aee iRy 8. ALL VERTICAL & HORIZONTAL BENDS SHALL BE
aenversae e Lavntha SMOOTH CURVES .

9. 'lurrﬁaawu MANHOLE ¥#8 HANDHOLE 1M 9. WHEN CASTING CONDUIT ENTRYS IN MANHOLES OR
TOOMUITUENYBSELS ] (DUCT ENTRY) e HANDHOLES (DUCT ENTRY), DO NOT PLACE
wiinsevneveneseesy REINFORCING BARS BETWEEN CONDUITS .

10. Turmsweo wiNDOW |4 MANHOLE ¥%® HANDHOLE 10. WHEN CASTING WINDOWS IN MANHOLES OR
WROER WANESLUDENS N WINDOW SPACE HANDHOLES, DO _NOT REMOVE REINFORCING BARS

FROM WINDOW SPACE .

11, sTEEveRNRUUEN WS IIRR LU YBNMETTN 11. DISTANCE OF CONDUIT ENTRYS FROM FLOOR &
yosoesetn lUlu MANHOLE v HaNDHOLE v ly CEILING OF MANHOLE OR HANDHOLE SHALL BE
mafusm 131wy MaNHOLE v80 HANDHOLE fhun LOCATED AS SHOWN ON APPLICABLE MANHOLE

OR HANDHOLE DEVELOPMENT SHEETS .

12. mum YUWUBY DUCT BANK |wStrme Tuyp#ufl 12 SIZE OF DUCT BANKS MUST NOT BE TAPERED IN
#firews1o DUCT BANK ALL AREAS .

13. fafimaseviesousmly MANHOLE PEujUSNURS  13. AT THE ENDS OF CONDUITS IN MANHOLE SHALL
Berafrrmun 12 luuwuieefl sar- -015/31017 (M5 HAVE CONFIGULATIONS AND DIMENSIONS ACCORDING
Usereusft 721 dwdumsfiussusvinessry TO DWG. NO. SA1-015/31017 (ASSEMBLY NO. 7211, .
vesoeief lhuuPhaamury THEy o fuwdy THE VERTICAL & HORIZONTAL SPACING BETWEEN
ynonnUsuvESBRs LS 3 . CONDUITS MUST BE INCREASED IN A LONG SMOOTH

SWEEP, STARTING BY APPROXIMATELY 3 m FROM
POINT OF CONDUIT TERMINATION .

14, MSNDESY DUCT BANK lmlﬁvwmauam'ﬁu AEN 14. DUCT BANKS TO RISER LOCATIONS SHALL COMPRISE
UsEELREVESENE Y AU 2 YE uas v A TWO CONDUITS AND SHALL NOT EXCEED 90 BEND
rosoesefu it o0 ewedoden  Sonoupladtu AT RISER POLE . THE HANDHOLE OR MANHOLE
Tvness™ HANDHOLE w99 MANHOLE |ficded MUST BE CONSTRUCTED BEFORE THE RISE BEND
Prosmaln B mdusThvinusnamim IN ORDER TO INSTALL SPLICING IN CASE THAT THE
sl mﬁun-}-ﬁq%\,qM'[ﬂm PULLING TENSION OR SIDE WALL PRESSURE OF

THE CABLE EXCEEDS THE MAXIMUM ALLOWABLE
PULLING TENSION OR SIDE WALL PRESSURE .
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ONE OR TWO LAYERS OF MUSLIN OR BURLAP
MATERIAL SHALL BE WRAPPED AROUND THE PLASTIC

r;f.-i Wi o VRO U § rews L LA O =EEE SIU) iievee
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18, laws Ao dubuny w80 TurSnf s
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18. Iiedovinuonuussuads sy e wsnun
FeAln samusufl sa1-015/38026 (mAvsEnEy

wufl 7007 , wuienfl sa1-o1s/36027 (mseney
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19. SroudhummuusedBrmnessy pucT BANK oV Y
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18.
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18.
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IN DWG.NO. SA1-015/47039 (ASSEMBLY NO. 7215) .
FOR SWAMP AREA, PRESTRESSED CONCRETE PILES
WUST BE UESD TO STABILIZE AND RAISE THE

DUCT BANK BY NEW DUCT BANK DESIGN WITH TESTED
BEARING CAPACITY OF SOIL SHALL BE CONSIDERED .

TO AVOID LAYING TOGETHER BETWEEN L.V,
UNDERGROUND CABLES AND H.V. UNDERGROUND
CABLES . IN CASE NO AREAS FOR LV, DUCT BANK
AND H.V. DUCTBANK CONSTRUCTION, CABLES SHALL
BE LAYED IN SAME DUCT BANK BUT DO NOT
INSTALL L.V. UNDERGROUND CABLES AND H.V.
UNDERGROUND CABLES TOGETHER IN SAME VAULT .,

TO INSTALL CABLE ROUTE MARKERS OR CABLE
ROUTE MARKER POSTS AS DWG.NO. SA1-015/36026
(ASSEMBLY NO.7901) ., DWG.NO. SA1-015/36027
(ASSEMBLY N0.7802) OR DWG.NO. SA1-015/38014
(ASSEMBLY NO. 7803) .

PROCEDURE AND METHOD OF DUCT BANK
CONSTRUCTION SHALL BE CONFORMED WITH PEA
HANDBOOK OR MANUAL .
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EXAMPLE MEANS USE HIGH DENSITY POLYETHYLENE CONDUITS IN DUCT BANK, 2 HORIZONTAL

CONDUITS AND 4 VERTICAL CONDUITS
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E
TN B 4,
SPACING, SEE NOTE 4.
skyesuion (U geanBeund 5
L UREYEAYETE 7.

" SPACER BLOCK (TOP), SEE DETAIL IN
SHEET NO.6 AND NOTE 7.

L wlEndureui im0 9 mm
ROUND BAR © 9 mm

Lmﬁwﬁ:&m (N grmemnEn

& - I

wifl 6 uszwnEYETE .
SPACER BLOCK (MIDDLE), SEE DETAIL IN
| SHEET NO.6 AND NOTE 7.

FEU "
CONCRETE 184

LA 3
e sl Dy grneay 3,
OTHER HORIZONTAL BARS, SEE NOTE 3,
TESBE T g NA 1 WRzvAnEYE 6
CONDUIT, SEE TABLE 1 AND NOTE 6.

wisimaen gyare 2,

STIRRUP,SEE NOTE 2.

sukgasuon, (g gruasBeuanl 6
_ URMAELYEYD 7.
| SPACER BLOCK (BOTTOM), SEE DETALL IN
i SHEET NO.6 AND NOTE 7.
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" LEAN CONCRETE 1:3:5 OR PRECAST REINFORCED
CONCRETE SHEET

/i ALY
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| BOTTOM HORIZONTAL BARS, SEE NOTE 3.
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NOTES

1.

DETAILS OF DUCT BANK CONSTRUCTION, SEE DWG

a1 _MMR/RONIA FAQRFMRIY NO. 7141}

2 VSHLIRYIVRPL UL VI LS EUeTy. Ui sl © ©
Tonlnldnnssey 510w uRsgrdiRRfiLoAiny
Fre 7 bz

3 wliney luwrufemuuagemy thundny

MRS TWR ¢ 15 L ERauELIewEuRn
WhavBnsunsait wum o 9 1l

a.  Tmavirreelsturvinoipafigramvetonne 25 w

5  ywlsvinduSososcrnomesonse

8 vwwasinouse L luneseusme Tvguuuasuf
SA1-015/61001 (rEvssronen? 7a2)
TrutnevEamuramem kos SorsarrRos R
puCT BANK fildhm dwsumiktesulion (Tonan
Tvreensansssonssousny 1 vieluwudf
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8 shweiufierusacen ooy 200 W (st
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IEAEYE [T stuzyneiy 060 &
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P e

IS PLACED AT 610 mm INTERVALS AND FASTEN
TO HORIZONTAL REINFORCING BARS .

TOP & BOTTOM HORIZONTAL REINFORCING BARS
SHALL BE 915 mm ROUND BARS . FOR OTHER
HORIZONTAL REINFORCING BARS SHALL BE

® @ mm ROUND BARS .

STEEL REINFORCING BARS SHALL BE MAINTAIN
A MINIMUM SPACING OF 25 mm FROM DUCTS .

DO NOT PLACE REINFCRCING BARS AROUND
BETWEEN DUCTS .

SIZES AND NUMBER OF CABLES IN DUCT, SEE
DWG. NO SA1-015/51001 (ASSEMBLY NO.7142) .

SIZE OF SPACER BLOCK CAN BE EXTENDED OR
REDUCED ACCORDING TO DUCT BANK . SPACER
BLOCK (MIDDLE) CAN BE OMITTED WHEN A CONDUIT
IS CONSTRUCTED IN VERTICAL .

THE DISTANCE BETWEEN SPACER BLOCKS MUST EE
2.00 m (CENTER TO CENTER) AND 0.6 m FOR
COUPLING SECTIONS .

“D" MEANS THE OUTSIDE DIAMETER OF CONDUIT .
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TABLE 1 TYPE AND SIZE OF CONDUIT IN DUCT BANK

Aneip Wsnmmmesersnefilyly pucrsank [ty EDY I S [
ABBREVIATION | TYPE OF CONDUIT IN DUCTBANK |SIZE OF CONDUIT (mm)| LV. UG, CABLE|HV. UG. CAB

A B A B

VEWERERRUAT I LGS (HDPE) 40 - 140 (PN B)

_— Hugnrm PE 80 wen, sez-2sa8

HIGH DENSITY POLYETHYLENE CONDUIT

(HDPE), PE 80, TIS 982-2548 166 - 200 (PN 6.3)

D D
— 2 220 |R.+100]| 250 | D100
nefrgnasiufivessviunfugy o :'é f
51 - 152 "
i RIUSSOU (RTRCIRAMBIVSE M UL 1684 1 T B N o
REINFORCED THERMOSETTING RESN| (2 fh - g 3 str SEE
CONDUIT (RTRC), UL 1884 STANDARD INCH " INCH NOTE 9.) NOTE 9.)
1 17
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1. MANHOLE TYPE 2C-4 CAN BE CONSTRUCTED UNDER ROAD
SURFACE OR PAVEMENT WHERE IT IS SUBJECTED NOT MORE
THAN 25-TON G.V.W. TRUCK . FOR CORNER POSITION
INSTALLATION AND THE CABLE CAN NOT BE SPLICED .

2. THE MAXIMUM SIZE OF CABLE TO ALLOW IS 120 mm’
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THE MAXIMUM CONDUIT TO ALLOW IS HDPE CONDUIT
PN 8.3 CLASS » 110 mm, OR EQUIVALENT CONDUIT .

3. THE DISTANCE BETWEEN MANHOLES IS 250-300 m .

4. THE THICKNESS VALUE OF MANHOLE IN PARENTHESES
IS USED FOR CONSTRUCTION IN HIGHWAY AREA, NOT
GENERAL AREA .
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INSTALLED ON THE FLOOR SHALL BE ARRANGED WITH FENCE FOR PREVENTING

THE ENTERING OF UNQUALIFIED PERSONS .

2. THE SIZE OF FENCE IS DEPENDS ON THE SIZE AND NUMBER OF TRANSFORMERS AND THE MINIKMUM CLEARANCE
BETWEEN H.V. BUSHING AND FENCE AS FOLLOWS :
1.65 METRES FOR 22 kv SYSTEM,
.75 METRES FOR 33 kV SYSTEM.

3. THE CLEARANCE BETWEEN FENCE AND TRANSFORMER SHALL BE NOT LESS THAN 1.00 METRES . IF THE FENCE

WIRE SHALL BE CONNECTED TO FENCE, ALL GATE POSTS, AND ALL CORNERS .

4. TOTAL GROUND RESISTANCE OF GROUND LOOP SHALL NOT EXCEED 2 OHM (MOIST SOIL) OR NOT EXCEED

S. THE WIDTH OF EACH FENCE CHANNEL SHALL NOT BE MORE THAN 3.00 METRES, AND THE FENCE CHANNEL
CAN BE REMOVABLE OR PROVIDING THE GATE FOR TRANSFORMER TRANSPORTING .

6. GATE SHALL BE OPENED TO OUTSIDE AND FITTED WITH GATE HINGES SIZE NOT LESS THAN 100 mm .

SHALL BE DISPLAYED AT THE ENTRANCE .

7. STEEL PIPE SHALL BE PAINTED WITH RUST RESISTANT PAINT INSTEAD OF GALVANIZED STEEL PIPE .

8. EVERY JOINT SHALL BE ELECTRIC WELDED AND COVERED WITH RUST RESISTANT PAINT OR SPRAYED BY ZINC .
9. LUIGHTING SHALL BE PROVIDED FOR WORKING AT NIGHT .

10. THE CLEARANCE BETWEEN TRANSFORMERS SHALL BE NOT LESS THAN 0.60 METRES .

11. GROUNDING CONDUCTOR SHALL BE CONNECTED WITH GORUND ROD 8Y EXOTHERMIC WELDING METHOD OR

BY PEA .

12. THE TRANSFORMER YARD SHALL BE FILLED WITH CRUSHED ROCK No.2 NOT LESS THAN 100 mm IN THICKNESS .
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