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FORM OF TENDER

THE JORDANIAN ELECTRIC POWER CO.LTD.

TENDER FOR CONTRACT JEP 72/2026
33 kV OUTDOOR DISTRIBUTION TRANSFORMERS

(Tenderers are required to fill up the blank spaces in this Tender Form and Appendix)

The General Manager

The Jordanian Electric Power Company Limited

P.O. Box 618

Amman 11118

The Hashemite Kingdom of Jordan

1.
Having examined the Drawings, Conditions of Contract, Specification and Schedules for the execution of the above-named Goods, we, the undersigned, offer to execute, complete and remedy defects in the whole of the said Goods in conformity with the said Drawings, Conditions of Contact, Specification and Schedules for the sum of 




(Figures…………..………………….)
or such other sum as may be determined in accordance with the said conditions.

2.
We agree to abide by this Tender for the period of 120 days from the date fixed for receiving the same and it shall remain binding upon us and may be accepted at any time before the expiration of that period.  

3.
We undertake if our Tender is accepted to complete and deliver the whole of the Goods comprised in the Contract within 
…………… week(s) subject to the said Conditions.

4.
If our Tender is accepted we will obtain the guarantee of an Insurance Company or Bank or other sureties (to be approved by you) to be jointly and severally bound with us in a sum not exceeding 10 per cent of the above named sum for the due performance of the Contract under the terms of a Bond to be approved by you.  

We propose the following Bank or Insurance Company as surety (or sureties) in this respect:

(
)

(
)

(
)

5.
Unless and until a formal Agreement is prepared and executed, this Tender, together with your written acceptance thereof, shall constitute a binding Contract between us.

6.
We undertake to provide a defects guarantee period as stated in Clause 15 of the conditions of contract for each section of the Plant from the date of delivery to JEPCO Stores, or such other destination that may be stated in the Contract.  

7.
We understand that you are not bound to accept the lowest or any Tender you may receive.

8.
Tenderers must give details of their representative or associated companies in the Hashemite Kingdom of Jordan who will deal with this Contract if it is awarded to the Tenderer:

Name and Full Address of Representative:




Telephone Number



Fax Number



9.
APPENDIX TO TENDER

	
	Clause
	

	Time for completion
	10.1
	
 weeks

	Amount of Bond or Guarantee
	 7.1
	10% of Contract sum 


	
	11.1
	Full replacement value +
 10%

	Amount of reduction per week of delay
	23.1
	1% 

 of Contract Price

	Maximum reduction
	23.1
	10% 

of Contract Price

	Defects Liability Period
	15.2
	


	Use of Goods assumed
	
	

24 hours per day

	Name and address of Tenderer’s Bank
	
	



Dated this 

day of 


200…

Signature 

in the capacity of 


duly authorized to sign tenders for and on behalf of 


Witness

Address


Occupation

1.
SCOPE OF WORK

The Works shall comprise the design, manufacture, testing and delivery to JEPCO Stores, The Hashemite Kingdom of Jordan, of the following transformers:
	Item 
	Description
	Quantity

	1.
	100 kVA, 33/0.415 kV Three Phase Outdoor Ground Mounted Distribution Transformers, Copper winding, mineral oil immersed (Ergon– Hyvolt1 type or Nynas- Nytro Libra type), ONAN. 
	75

	2.
	250 kVA, 33/0.415 kV Three Phase Outdoor Ground Mounted Distribution Transformers, Copper winding, mineral oil immersed (Ergon– Hyvolt1 type or Nynas- Nytro Libra type), ONAN. 
	100

	3.
	630 kVA, 33/0.415 kV Three Phase Outdoor Ground Mounted Distribution Transformers, Aluminum winding, mineral oil immersed (Ergon– Hyvolt1 type or Nynas- Nytro Libra type), ONAN. 
	50

	4.
	1000 kVA, 33/0.415 kV Three Phase Outdoor Ground Mounted Distribution Transformers, Aluminum winding, mineral oil immersed (Ergon– Hyvolt1 type or Nynas- Nytro Libra type), ONAN. 
	25

	5.
	1500 kVA, 33/0.415 kV Three Phase Outdoor Ground Mounted Distribution Transformers, Aluminum winding, mineral oil immersed (Ergon– Hyvolt1 type or Nynas- Nytro Libra type), ONAN. 
	15


Notes: 
· The price of each transformer shall include fluid price (Mineral oil (Ergon– Hyvolt1 type or Nynas- Nytro Libra type)). 

· Documents to be submitted as an integral part of the offer, and to be evaluated with the tender:

1. Full technical details, drawings and catalogues.

2. Type test certificates from any European STL member laboratory (KEMA, CESI, and IPH) or equivalent.

3. Fully detailed reference list with contact details.

4. ISO certificate and any documents that will assist in the evaluation.

2
SITE AND DESIGN PARTICULARS
2.1
PARTICULARS OF SYSTEM
The following are the particulars of the systems on which the equipment covered by the Specification shall operate:-
i. 33 kV 3-phase at a frequency of 50 Hz with the neutral point resistance earthed.  

ii. 415 volts 3-phase and neutral at a frequency of 50 Hz with the neutral point solidly earthed.
2.2
ELECTRICAL DESIGN DATA
2.2.1
System particulars

	Nominal system voltage between phases
	
kV
	
33
	
11
	
0.415

	Highest system voltage
	kV
	36
	12
	0.440

	System fault level
	kA
	31.5
	25
	50*

	Earthing system
	

	Resistance earthed
	Solidly
earthed
	Solidly
earthed

	System frequency
	Hz
	50
	50
	50


2.2.2
Equipment withstand voltage

	i.

	Outdoor bushings, insulators and pole mounted transformers

	
	Impulse withstand voltage (1.2/50µs wave) peak
	
kV
	
250
	
95
	
-

	
	Power frequency withstand voltage
	
kV
	
95
	
38
	
-

	ii.

	All other equipment excluding pole mounted transformers

	
	Impulse withstand voltage (1.2/50µs wave) peak
	
kV
	
170
	
75
	
-

	
	Power frequency withstand voltage
	
kV
	
75
	
28
	
-


2.2.3
Outdoor bushing and insulator creepage distances

	creepage distance
	mm
	1116
	372
	-

	Protected creepage distance
	Not to exceed 50% of creepage distance


2.2.4
Cable box clearances

The minimum cable box clearances under compound or oil shall be as follows:-

	Nominal system voltage
	kV
	33
	11
	Below 1

	Minimum clearance between phases
	
mm
	
125
	
45
	
20

	Minimum clearance phase to earth
	
mm
	
100
	
32
	
20

	Minimum creepage distance phase to earth over cable surface
	

mm
	

250
	

125
	

26

	The minimum cable box clearances in air-filed, air-insulated boxes, live metal to live metal and unshrouded shall be as follows:-

	Nominal system voltage
	kV
	33
	11
	

	Minimum clearance between phases
	
mm
	
430
	
250
	

	Minimum clearance phase to earth
	
mm
	
320
	
150
	

	Minimum creepage distance phase to earth over cable tail surface
	

mm
	

800
	

450
	

	The minimum cable box clearance in air-filled boxes with shrouded insulation termination is as follows:-

When this type of termination is used the dimensions will be based on the termination manufacturers recommendations and be subject to approval by the Engineer.  


2.2.5
Minimum clearance from live metal to oil pipe work (including conservator and pressure relief devices on transformers)

	Highest system voltage
	kV
	36
	12

	Minimum clearance
	mm
	485
	250

	Apart from the clearances detailed under this item, no phase or earth clearances are specified for transformers where an impulse voltage test level is specified.  


2.2.6
Minimum Clearances between phases for outdoor transformer 

	Highest system voltage
	kV
	36
	12

	Minimum clearance
	mm
	485
	250


2.2.7
Auxiliary power supplies

	Supply voltage for auxiliary equipment
	i.
400 volt, 3 phase and Neutral 50 Hz

	
	ii.
110 volts DC, 2 wire


2.3
SITE CONDITIONS
2.3.1
General

The site conditions shall be assumed to be as follows for the purposes of Tender preparation.
2.3.2
Elevation

766 meters above sea level - Amman Airport at which all the climatic observations used were taken by the Jordanian Ministry of Transport Meteorological Department.  

2.3.3
Earthquakes

Amman is classified as Seismic Zone 2.  

2.3.4
Snow

Snowfall in cm at Locations in the Amman Area in 10 years 1972-1982. 

	Area
	No of days of snowfall/year
	Greatest depth of snow (cm)

	Wadi Dhuleil
	1-04
	10

	Amman Airport
	1-13
	30

	Jordan University
	1-13
	60

	Naur
	1-13
	45

	Madaba
	1-04
	25


2.3.5
Hail

Not a normal occurrence but occurs on average 3.2 days per year.  

	Station: Amman Airport
	31 deg 59 min NORTH
35 deg 59 min EAST
766 m above sea 

	Period: 1923 – 1985
	


2.3.6
Air temperature (Degrees Centigrade)

	
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP
	OCT
	NOV
	DEC
	YEAR-LY

	Mean monthly
	
7.9
	
9.
	
11.7
	
15.9
	
20.5
	
23.6
	
25.1
	
25.4
	
23.5
	
20.4
	
14.9
	
9.8
	
17.3

	Mean daily max
	
12.4
	
13.8
	
17.4
	
22.5
	
27.8
	
30.9
	
31.9
	
32.4
	
30.7
	
27.2
	
20.6
	
14.5
	
23.5

	Mean daily min
	
3.5
	
4.2
	
6.1
	
9.3
	
13.3
	
16.3
	
18.2
	
18.3
	
16.2
	
13.6
	
9.3
	
5.1
	
11.1

	Absolute max
	26.3
	29.4
	32.5
	39.2
	40.6
	42.8
	42.4
	42.8
	40.6
	37.4
	.8
	27.3
	42.8

	Absolute min
	-7.5
	-6.5
	-3.9
	0.0
	3.0
	7.8
	11.0
	11.5
	8.9
	4.9
	-3.2
	-5.3
	-7.5

	Design ambient temperature is 45 degrees centigrade


2.3.7
Rainfall amount (millimetre)

	Mean monthly
	
64.5
	
63.9
	
44.7
	
16.1
	
3.7
	
0.03
	
TR
	
TR
	
0.4
	
5.8
	
28.6
	
48.6
	
276.3

	Max amount in a month
	

235.2
	

190.8
	

168.7
	

151.3
	

30.6
	

1.1
	

TR
	

TR
	

15.4
	

54.6
	

136.8
	

179.8
	

476.5

	Max amount in one day
	

75.6
	

80.0
	

66.2
	

52.4
	

24.1
	

1.1
	

TR
	

TR
	

15.4
	

40.5
	

79.4
	

73.6
	

80.0


2.3.8
Relative humidity (%)

	Mean monthly
	
70.0
	
67.0
	
60.0
	
50.0
	
39.0
	
37.0
	
40.0
	
43.0
	
47.0
	
46.0
	
56.0
	
68.0
	
52.0

	Max relative humidity reaches 100 per cent especially during rainy intervals and night, while min relative humidity drops to less than 10 per cent on some occasions especially during Khamsinic conditions (22 March - 10 May).  


2.3.9
Mean wind speed (m/s)

	Direction (deg)
	
227
	
241
	
251
	
254
	
275
	
276
	
278
	
282
	
284
	
267
	
226
	
222
	
264

	Mean monthly
	
3.2
	
3.3
	
3.4
	
3.6
	
3.3
	
3.6
	
3.9
	
3.4
	
2.6
	
2.2
	
2.4
	
2.9
	
3.2

	Max wind gust
	

35
	

28
	

30
	

31
	

24
	

22
	

19
	

17
	

17
	

26
	

26
	

34
	

…..


2.3.10
Clouds “oktas”

	Mean amount
	
3.8
	
3.5
	
3.4
	
3.2
	
1.9
	
0.6
	
0.3
	
0.3
	
0.7
	
1.5
	
2.6
	
3.4
	
2.1

	No cloudy days
	

4.7
	

3.1
	

3.8
	

2.5
	

0.7
	

0.0
	

0.0
	

0.0
	

0.0
	

0.3
	

1.0
	

3.6
	

19.5


2.3.11
Fog “visibility 1 km or less”

	Mean no of days
	
1.5
	
0.7
	
0.4
	
0.2
	
0.0
	
0.0
	
0.0
	
0.0
	
0.0
	
0.1
	
0.3
	
0.7
	
3.9

	Max number of days with fog 11 days per year


2.3.12
Dust “visibility 1 km or less”

	Mean no of days
	
0.4
	
0.1
	
0.6
	
0.2
	
0.2
	
0.0
	
0.0
	
0.0
	
0.0
	
0.0
	
0.2
	
0.1
	
1.7

	Max number of days with dust 6 days per year


2.3.13
Thunderstorms

	Mean no of days
	
0.4
	
0.4
	
1.3
	
0.8
	
0.6
	
0.0
	
0.0
	
0.0
	
0.4
	
1.2
	
1.1
	
0.4
	
6.6

	Max number of days with thunder storms 17 days per year


3.
GENERAL TECHNICAL REQUIREMENTS
3.1
APPLICATION OF REQUIREMENTS
The requirements of this section of the Specification apply to all equipment and materials and are supplementary to the detailed specifications.  If the requirements specified herein are in conflict with those specified in the detailed specifications in the following sections, then the latter shall govern to the extent of such conflict.

3.2
STANDARDS AND CODES OF PRACTICE
3.2.1
Mechanical Plant and Equipment

Equipment shall be designed to the following acceptable standards valid at the time of Tender, except where a particular standard is laid down in the Specification, in which case the particular standard must be used.

a) IEC Standards

b) The ISO Standards and Codes of Practice.

c) The British Standards and Codes of Practice.

e) National Standards comparable with the above.

3.2.2
Copies of Standards

If requested by the Engineer, Three English language copies of the publications containing all standards and codes of practice proposed shall be supplied by the Contractor at his own expense within three months of the Contract start date.

3.2.3
Quality Assurance System

The Manufacturer of the equipment to be supplied as part of this contract shall be granted ISO 9001:2000 or equivalent approved. Evidence of such certification and details of the accreditation body responsible for providing the certification shall be submitted as part of this Tender.

Where an equivalent certification to ISO 9001:2000 is offered, details of the quality assurance system, the certification body and the frequency and type of audits, both internal and external, shall be submitted with the Tender.  The Client shall evaluate the information provided by the manufacturer and where this information is deemed insufficient to judge the validity of the Tender’s quality assurance system, the Tenderer shall be the subject of a full review, to be performed by the Client at the Tenderer’s premises or their authorised representatives.

3.2.4
Insurance of Works

The whole of the Works shall be acceptable for insurance by Lloyds of London or a first class Insurance Company of similar standing.

3.2.5
Electrical Plant

Except where modified by this Specification equipment and materials shall be in accordance with IEC (International Electro technical Commission) and ISO (International Organisation for Standardisation Recommendations). If relevant IEC and ISO Recommendations are not available in any case or cases then relevant National Standards shall apply, if available and such National Standards shall be proposed by the Contractor for approval for the purpose by the Engineer.

When IEC or ISO Recommendations or National Standards are referred to, the Edition shall be that current at the Date of Tender, together with any Amendments issued to that date.
If the Contractor offers equipment complying with other National Standards, these may be accepted subject to the satisfaction of the Engineer, and performance of the equipment complying with such standards shall be comparable to that complying with IEC.

3.2.6
Units of Measurement

The Contractor shall design in metric units.  Contract drawings produced specifically for this Contract and plant manuals shall be in metric units.

The marking and Test Specification of safe working load values on lifting equipment shall be in metric units.

3.3
STANDARDIZATION AND INTERCHANGEABILITY
The Contractor responsible for each major plant contract package shall provide maximum standardisation and interchangeability of equipment and shall minimise the number of spare part items required.  During pre-contract discussions, the Contractor may be requested to standardise on certain manufacturer's equipment to simplify overall plant operation.  Any deviation from using single manufacturer's equipment as specified shall be notified to the Engineer.

a) Instruments and controls for the same service shall be from the same manufacturer.  The number of sizes and ranges of instruments shall be kept to a minimum consistent with meeting functional requirements.

b) All paints and protective coatings shall be from the same manufacturer.

The Contractor shall ensure that instruments, controls, pumps, motors, electrical equipment, etc. supplied by Subcontractors for subsystems are from the same manufacturer as similar equipment used in the balance of the Plant.

In order to facilitate interchangeability, the mirror handing of plant will only be accepted where the direction of rotation and the shape of components is unaffected thereby.
3.4
GENERAL DESIGN REQUIREMENTS
All plant and equipment shall be suitable for operation under the design ambient conditions as detailed in Section 2.0.

The Contract Works shall be designed to facilitate inspection, cleaning and repairs, and for the operation in which continuity of service is the first consideration.  All apparatus shall be designed to ensure satisfactory operation under such sudden variations of load and voltage as may be met with under working conditions on the system and short-circuits, within the rating of the apparatus.

The design shall incorporate every reasonable precaution and provision of the safety of all those concerned in the operation and maintenance of the Contract Works.Equipment shall be designed for reliable operation and ease of maintenance.
All material used shall be new and of the best quality and of the class most suitable for working under the conditions specified and shall withstand the variations of temperature and atmospheric conditions arising under working conditions without distortion or deterioration or the setting up of undue stresses in any part.  No welding, filling or plugging of defective parts will be permitted without the sanction in writing of the Engineer.  All components shall be new and shall be manufactured from sound materials, completely free from all visible imperfections such as cracks, flaws, blow holes, etc.  No castings, forgings or other material will be accepted in a condition known to be faulty.

Corresponding parts liable to renewal shall be interchangeable.  When required by the Engineer, the Contractor shall demonstrate this quality.

All apparatus shall operate without undue vibration and with the least practicable amount of noise.
Cast iron shall not be used for chambers of fluid-filled apparatus or for any part of the equipment which is in tension or subject to impact stresses except where it can be shown that service experience has been satisfactory with the grade of cast iron and the duty proposed.

Operating boxes, kiosks, cubicles and similar enclosed compartments forming part of auxiliary equipment shall be adequately ventilated to restrict condensation.  All 

Contactor or relay coils and other parts shall be suitably protected against corrosion.  Anti-condensation heaters of an approved type shall be provided inside each cubicle or where necessary each cubicle compartment.  They shall be shrouded and located so as not to cause injury to personnel or damage to equipment.  The thermostat shall be arranged to switch off the heater supply when the ambient temperature exceeds 30-35°C.  Means shall be provided at each unit for isolating the supply.  A common switch with a lamp labelled "Cubicle heaters on" shall be mounted at a convenient point such that it will not require movement in the event of extension units being added.

All outdoor apparatus, including bushing insulators and fittings, shall be so designed as to avoid pockets in which water can collect.

The underside of all relevant tanks shall be ventilated in an approved manner to prevent corrosion.
All mechanisms shall, where necessary, be constructed of stainless steel, brass or gunmetal, to prevent sticking due to rust or corrosion.

All electrical connections and contact shall be of ample section and surface for carrying continuously the specified currents without undue heating, and shall be secured by bolts or set screws of ample size, fitted with locking devices of approved type and material.

All taper pins used in any mechanism shall be of the split type.  All rubbing or wearing surfaces shall be machine surfaced.  Joints employing a gasket material shall be so constructed that the packing is maintained under sufficient compression in all parts, so that an efficient joint can be made without the use of jointing compounds.  Gasket material shall be of the minimum thickness necessary and of approved composition.

All apparatus shall be designed to obviate the risk of accidental short circuit due to animals, birds and vermin.  Openings in ventilated enclosures shall be so constructed to prevent the entry of vermin and insects.

3.5
CIRCUIT AND COMPONENTS
Reliability figures for equipment not specifically designed for this installation shall be supported by evidence derived from operation experience at similar types of installations.  The Contractor shall state the mean time between failures of his equipment.
Circuits shall not depend upon the use of unpublished characteristics of components or on component parameters not controlled in production.

The design of the circuits used shall be such that initial tolerances and also cyclic and non-cyclic changes in component values and parameters which may occur during the operational life of the equipment are either inconsequential or are compensated for. Such compensation shall not necessitate the use of adjustable controls without the prior approval of the Engineer.

Standard components only shall be used and any individual selection necessary to obtain particular parameters shall be subject to the approval of the Engineer.

Any equipment protection devices shall be so arranged that the risk of fire within the equipment is minimised.  The greatest possible protection shall be provided, consistent with reliability and the ability to withstand operational conditions.

All circuits shall be protected so that in the event of a component fault, minimal damage occurs to any interconnecting wiring and any other damage that does occur, is confined as closely as possible to the fault.

Power supply units for electronic equipment shall incorporate current limiting where possible to minimise the need for fusing the output circuits.

Circuits shall be grouped so that following the operation of a protective device, the minimum practicable loss of facilities occurs.

The design, location and connections of fuse carriers and bases shall be such that they do not present a danger to an operator when replacing a fuse link with the equipment still connected to the supply and switched on.

Equipment shall not generate any type of interference (e.g. electrical, mechanical, sonic, and magnetic) at a level which could be detrimental to the performance of anything except sensitive equipment or which could cause annoyance or discomfort to personnel.
Where the performance of equipment could be susceptible to interference, the manufacturer shall state the maximum level of such interference.  In the presence of interference, the design of the equipment shall be such that no damage occurs and correct performance is maintained to the requirements of the specification.

All equipment shall be provided with sufficient easily accessible test points to facilitate setting up and fault location.  Special connecting leads printed wiring extension boards and any special items required for calibration or maintenance purposes, together with the mating half of all necessary connectors shall be supplied.
Transformer and inductor windings shall, unless otherwise agreed, be vacuum impregnated or encapsulated and shall terminate on a terminal board mounted on the item.  Each winding and termination shall be clearly and unambiguously identified.
Evidence shall be provided of the suitability of relay contact materials for the application.  Relay actuating coils shall preferably be either vacuum impregnated or encapsulated.
Unsealed relays or groups of relays shall be provided with protective cover to prevent dust ingress.  The covers shall be detachable without the need to remove the relay, except for single relays or relay groups where there is not more than one basic circuit with the group.
All indicating instruments shall be of a modular type approved by the Engineer and accurate to within 1% of full span.

Push-button indicators with labelling to be mounted on the control consoles shall be to the approval of the Engineer.

The design of lamp holders shall be such that replacement of the lamp is both quick and easy, access being from the front panel of the equipment.

Multi-pole connectors shall be designed such that incorrect mating can not occur.  An approved device shall be provided for locking each free plug or socket in the mated position.
Edge connectors and printed wiring boards shall incorporate means to prevent incorrect insertion of the mating board and insertion of any other board.

Unless otherwise agreed, the contact surface of printed wiring board edge connectors shall be plated with precious metal.

The material of all components shall be resistant to flame propagation to a standard approved by the Engineer.
3.6
POWER SUPPLY AND SURGE WITHSTAND CAPABILITY
Each circuit intended for connection to A.C. supply circuits or unearthed D.C. supplies shall not be damaged when Type A (see table below) impulse level is impressed upon it when energised.

Where specified by the Engineer other circuits shall comply with the surge withstands capability of Type A equipment (see table below).

The Contractor shall include switching and fusing of all mains supplies within his equipment.
Double-pole switches shall be used to break single-phase a.c. mains supplies. For multi-phase supplied each phase shall be switched simultaneously and the neutral shall preferably not be switched.

All mains circuits shall be protected only in the phase-line by fuses of suitable rating or by other suitable approved protective devices.  The neutral shall be connected by a removable link located near the protective devices.

Equipment Isolation

	Type A Equipment Impulse:

5 kV peak, 0.5J, 1 microsecond rise time impulse test with a decay time of 50 microseconds.  The voltage to be applied:-

(i)
Between each terminal (other than earth terminal) and earth.

(ii)
Between terminals of circuits not normally connected together.

(iii) Between terminals of the same circuits


3.7
INSULATION TEST
Unless agreed otherwise with the Engineer, all circuits required to operate at voltages in excess of 70 V shall have a peak test voltage of 2 kV rms. 50 Hz applied for 1 minute, and for all circuits required to operate at voltages of less than 70 V shall have a peak test voltage of 500 V d.c. applied for 1 minute.

All structural metal work and metal chassis on one site shall be connected to earth at one point to the approval of the Engineer.

3.8
LIGHT CURRENT ELECTRICAL CONSTRUCTION
Component parts shall be so located, secured and disposed with respect to each other and the structural members that they can be inspected, removed and replaced without damage to or undue disturbance of, other parts or wiring.

Components generating a significant amount of heat shall be adequately spaced from their mounting boards and from other components.

All components shall be adequately supported and secured where necessary by clamps, clips or other means acceptable to the Engineer.  Rivets or eyelets shall not be used for fixing items which may have to be repaired or replaced.  Components shall not be mounted directly on wiring terminal block unless adequately protected from damage.
Unless otherwise agreed, all plug-in devices, units and sub-units shall be in position by approved retainers.
Pre-set controls requiring routine adjustment shall be accessible with the complete equipment and adjacent equipment in operation.  An approved method of ensuring the pre-set controls retain their adjustment shall be incorporated.

Soldered connections shall be made only to components specifically designed for that purpose.  Flexible conductors and metallic grading subject to flexing at their terminations shall not be soldered but shall be fitted with approved crimped tags.

Welded connections shall be used only with the approval of the Engineer.

Wires shall not be joined together except at a properly supported terminal post or tag. Grommets or bushes shall be fitted where wiring passes through metalwork.

Where necessary, internal wiring shall be adequately supported by clamping,  troughing, or similar means.
Wiring shall be clamped into plugs and sockets in such a way that the connections inside the connector can not be subjected to injurious tensile stress.

Sufficient slack wire shall be provided to enable a reconnection to be made at each end of the wire.
Wire insulation shall conform to a standard approved by the Engineer.

Wiring shall be installed with due regard to the need to protect against spurious voltages or currents especially transients as a result of power system switching operations or faults. Particular attention must be paid to the prevention of wiring insulation breakdown as a result of transient over voltage and subsequent follow current from connected power sources and pilot cables which are laid adjacent to power cables.
Every reasonable effort shall be made to avoid installing control and signal wiring in close proximity to power wiring.  Control and signal wiring shall be protected by properly grounded shielding where it is reasonable to do so, and equipped with drainage capacitors and surge arrestors where shielding is impractical or inadequate.
3.9
CABLING AND TERMINATIONS
a) General
The manufacturer shall insure that the cabling and terminations to their electrical equipment are suitably protected to minimise the amount of damage which might be caused in the event of fire.

b) Technical Requirements for Special Control and Instrumentation
Any special control, instrumentation and measurement cables shall be to an approved National Standard, and the design of cable and characteristics of the insulation and screening shall be adequate to meet the operating requirements of the respective circuits.Where any special cables are required this shall be stated and details provided.
c) Surge Protection

Protection equipment shall be provided to the approval of the Engineer to guard against the effects of lightning strikes, and induced high voltage transients.

3.10
CORONA AND RADIO INTERFERENCE
All equipment shall be designed so as to minimise corona or other electrical discharge and radio interference.

3.11
LOCKING DEVICES AND PADLOCKS
All padlocks, locks, keys and other approved locking devices required to secure switchgear and other equipment shall be supplied on this Contract.

Access doors to equipment including circuit-breakers, isolating devices, screened enclosures, cubicles and marshalling kiosks, and all equipment operating handles, local control and selector switches, valves, switchgear shutters and maintenance positions shall be lockable.

All padlocks and other locks shall be provided with two identical keys and both the key and the lock shall be impressed with the manufacturer’s serial number.  Except where a master key is specially requested it shall be impossible to open any padlock or lock with the key of any other padlock or lock provided on this Contract.
3.12
GUARDS
Plate or mesh safety guards shall be provided for electrical apparatus and moving parts of machinery.  The guards shall be of approved design and in accordance with approved National Standards.

The Contractor shall ensure that stationary points requiring access, such as lubricating and fluid inspection points, are safe and outside the guards.  Guards shall be designed so that they are secure but can be removed without disturbing other parts of   the plant.  Adjustment to machinery in motion shall be possible without the removal of guards.
3.13
MAINTENANCE EQUIPMENT (TOOLS)
The Contractor shall supply in steel boxes, complete with keys, a set of alloy steel spanners to fit every nut and bolt head on the plant supplied under this Contract, together with all special tools that may be required for erection, repair and maintenance of the equipment.  Special tools shall be listed in Schedule ‘L’.

Suitable special spanners shall be provided for bolts and nuts which are not properly accessible by means of an ordinary spanner. 

All tools shall be stamped in an approved manner for identification purposes and a corresponding key chart shall be supplied with the steel boxes.

All tools shall be stamped in an approved manner for identification purposes.

3.14
ERECTION MARKS
All Plant that requires assembly at Site shall have distinguishing marks on it to facilitate erection and to identify the material in relation to drawings, material lists or shipping documents. All marks shall be legible and easily visible. Where relevant, erection marks shall be stamped before galvanising and shall be clearly visible after galvanising.

3.15
OPERATING AND MAINTENANCE INSTRUCTIONS
Operating and Maintenance instructions form part of this Contract and shall be provided in accordance with the Conditions of Contract.

3.16
NUTS, BOLTS AND STUDS
All nuts, bolts, etc. shall be to an approved standard.  Bolts or studs which are subject to high temperature and pressure shall be to an approved material specification with nuts of similar material.  All fasteners shall be suitably protected from corrosion at all stages until finish painting is carried out.

Bolts and studs for electrical connections shall preferably be of brass M6 size.  Alternatively size M5 may be used, but these must be of stainless steel, phosphor bronze or high tensile brass.

Nuts and pins shall be locked in position with lock nuts or lock washers, or other devices, if approved.  Lock washers shall not be used above M24 size except when a spring type is specially approved.

No bolt or stud shall project through its nut by more than approximately 10 mm or four threads whichever is the less, except for terminals and relay stems.

Bolts, nuts and washers on outdoor equipment shall be of non- corroding material where they are in contact with non-ferrous parts in conductor clamps and fittings and elsewhere if specially required.

Suitable special spanners shall be provided for bolts and nuts which are not properly accessible by means of an ordinary spanner.

3.17
MATERIALS
3.17.1
Material Specification

All materials used must conform with the requirement of Sub- section 2 (Standards and Codes of Practice) and details of the materials proposed for all important plant items shall be submitted to the Engineer at the design stage and prior to manufacture.
Proprietary materials not covered by appropriate specifications will only be considered on submission of the necessary technical details to permit a full and complete appraisal of their suitability for the proposed use.

3.17.2
Material Condition

No material may be used in a metallurgical or physical condition significantly different from that assumed for design purposes. This requirement refers to all physical and mechanical properties of the material including deterioration of surface condition, up to the time of commissioning, by corrosion.

3.17.3
Material Substitution

Substitution of a specified material will only be accepted if the proposed material is satisfactorily demonstrated to the Engineer to be equal in all respects or superior to the original on which the design was based.

Recycling and/or reconstitution of solders braze metals, white and bearing metals, tin, zinc, cadmium and similar materials is not permitted without the specific approval of the Engineer.  In each case it is expected that virgin metals or their exact equivalent will be used.

3.17.4
Material Quality Control

All material forms including but not confined to forgings, castings, weldments and wrought products shall be free from flaws and defects to the standards necessary to comply with the requirements of the appropriate design code or specification, with the requirements of this Specification and with the functional requirements of their intended use.
In all areas where the quality of the material, joint or component is determined by visual and/or non-destructive testing techniques and where the acceptable standards are not specified accurately and completely by the appropriate code or standard the proposed acceptance standards must be approved by the Engineer prior to the start of manufacture.  It is the responsibility of the Contractor to determine all such areas and submit the necessary proposals to the Engineer so as not to delay the planned start of manufacture.  Retrospective consideration of ambiguous or imprecise standards will not be given and in any dispute arising from such a situation the decision of the Engineer as to the acceptability of the material, joint or component will be final and irrefutable.
3.17.5
Material/Component Supplier Approval

No material or component shall be obtained by a Contractor or his Subcontractors from any source which has not been previously audited by a responsible party and designated as an approved supplier.  The Engineer may, at his discretion, require evidence that such audits have been satisfactorily made and/or evidence of the competence of the designated supplier to meet the necessary quality requirements.

3.17.6
Special Material Requirements

A) Copper

All copper conductors shall be composed of electrolytic copper having a conductivity of not less than 99.95 of the International Standard.
B) Aluminium and Aluminium Alloys

Aluminium, where its use is approved by the Engineer, shall be of high commercial quality.  The composition, including the percentages and nature of impurities, shall be stated in the Schedules.

All aluminium alloys shall be of approved composition as stated in the Schedules.

Aluminium and alloy castings shall be sound and free from porosity.

C) Stainless Steels

Stainless steels may be of ferritic, martensitic or austenitic types depending on their application. Each material selected for a specific use shall be to the approval of the Engineer.
3.18
CLEANING, PROTECTION AND PAINTING
3.18.1
General

The protection of all items of plant, supporting metal work, structures, tanks, pipework and other metallic items including bolts and fasteners is essential if the plant as a whole is to operate efficiently and in accordance with the design requirements.
While the philosophy of protection is to prevent deterioration by corrosion and is common to all applications, the specific requirements vary according to the materials involved, their function and the active corrodents to which they are exposed.
Having regard to the specific locations and functions of metallic items, all surfaces shall be either manufactured from materials with proven resistance to corrosion under the specific service environments or shall be fully protected by approved coatings, paints, electrochemical, or other approved means, from corrosion.

The selection and use of all materials, coatings and anti- corrosion measures is subject to the approval of the Engineer and detailed schedules of protection are required listing the surfaces concerned and the proposed protection.  In addition to the summary schedules, the detailed procedures for preparation, application and testing of the protective materials and systems shall be submitted to the Engineer for approval.  All such submissions will require full details from the Manufacturer of the protection giving composition and properties of protective materials.

Protection of all internal surfaces e.g. those washed by water, steam, fluid and other operational fluids, if of the temporary type, shall be removed completely prior to plant 
Commissioning or if of the permanent type, shall be suitable to withstand all normal and reasonable fault conditions during operation and service and shutdowns. Degradation products of all permanent protective shall not be harmful to plant, protection or fluids used elsewhere in the systems.

All final painting shall be done to the Colour Code (JEPCO to provide colour code to manufacturer), the details of which will be advised during the Contract and all finishing paints shall be completely compatible with the paints used for protective purposes.

It is the responsibility of the Contractor to co-ordinate the protection proposals for Subcontractors plant and to ensure that the equipment from all Subcontractors is prepared and protected in accordance with the Specification and in a manner ensuring uniformity and compatibility of the protection.  The number and type of systems proposed and the number of paint, coatings and protective material suppliers should be kept to an absolute minimum consistent with the purpose and particular application of the protection. Protection of any surface shall not relieve the Contractor from providing adequate design corrosion allowances as required by the relevant design codes, specifications and/or functional duty of the plant.

3.18.2
Choice of Protection and Application

Painting, coating and protective systems shall be selected with proper regard for the function of the item, the preparation, the application requirements and the environment to be encountered during all stages of manufacture, shipping, temporary storage, erection and service.

All coatings and protective which are required to withstand service fluids such as pipe, tank and similar linings shall be applied in the works and prior to shipping.

The Manufacturer is responsible for ensuring that all safety requirements are fully and completely implemented and for the provision of all necessary safety equipment to fully and completely protect personnel and plant.

The following minimum painting requirements shall apply to all ferrous parts unless the Contractor can show, to the satisfaction of the Engineer, that any alternative he proposes is in all respects equal or superior to the specified requirements:-
	INTERNAL SURFACES

	Apparatus
	Painting

	Fluid filled chambers and tanks
	One coat of fluid resisting varnish or paint.

	Kiosks and apparatus boxes for use outdoors.
	Three coats of paint, the final coat being an anti-condensation finish white.

	Cubicles, Kiosks and apparatus boxes for use indoors.
	Three coats of paint, the final coat being white enamel.


	EXTERNAL SURFACES

	Apparatus
	Painting

	All ungalvanised surfaces other than nuts, bolts and washers which may be removed for maintenance purposes, for use outdoors
	At Works

(a) One priming coat of corrosion inhibiting paint applied immediately after cleaning.

	
	(b) Two coats of non-flossy fluid 
and weather resistant paint applied after inspection and testing and before dispatch. Or

	Exposed, ungalvanised nuts, bolts and washers which may be removed for maintenance purposes, for use outdoors.
	(c) A dry powder application to 
the approval of the Engineer. One coat of fluid and weather-resistant, non-fading point applied

	
	At Site

One finishing coat of glossy fluid and weather resisting, non-fading paint applied after erection is complete.  For equipment dispatched completely assembled, the final coat may be applied at the works unless otherwise required by the Engineers.

	Exposed, ungalvanised nuts, bolts and washers which may be removed for maintenance purposes.
	One coat of fluid and weather resisting non-fading paint applied after erection.

	Panels, cubicles, kiosks and apparatus boxes, for use indoors.
	Three coats of point, the colour and finish of the final coat to be the approval of the Engineer.


Successive coats of paint shall be easily distinguishable by shade or colour and shall be applied to a clean, dry and properly prepared surface.  Each coat shall be compatible with the previous coat.

3.18.3
Inspection

All stages of preparation, application and repair shall be subject to the Engineer's approval.  Surface finish and condition prior to application of any protective, wet and dry film thickness checks and continuity checks shall be carried out by the Contractor.  The Final Certificate will not be issued until all paintwork, protection, finishes, surfaces etc. satisfy the Engineer.

In addition to visual inspection it is expected that checks of paint dry film thickness, continuity and uniformity will be carried out by the Contractor, on all painted and protected surfaces and the equipment and procedures proposed should be detailed and submitted to the Engineer for approval.

3.18.4
Galvanising

a) General

Galvanising of iron and steel articles shall be carried out by the hot dip process.  The preparation for galvanising and the galvanising process shall not adversely affect the mechanical properties of the material coated.  All galvanising shall be in accordance with BS 729, ISO 1460 or an equivalent approved standard  to give a uniform thickness, free from defects and a minimum average coating weight.

Galvanised finned tubing shall have a minimum average thickness of 70 microns.  Other methods of depositing zinc coating such as sheradising, electroplating or metal spraying shall not be used unless specifically approved.Surfaces which are in contact with fluid shall not be galvanised or cadmium plated.

The identifying marks on any galvanised parts shall be stamped before galvanising is applied and shall be clearly legible afterwards.

Zinc coated fasteners such as nuts and bolts should be lubricated with beeswax or other suitable lubricant prior to fitting and tightening.  Material on which the galvanising has been damaged shall be re-dipped.

b) Preparation and Repair

The preparation for galvanising and the galvanising itself shall not adversely affect the mechanical properties of the coated material.

All fastenings which are used for regular inspection and maintenance must be treated by a zinc passivation process. All possible welding, drilling, punching, cutting and bending of parts shall be completed and all burrs removed before galvanising is commenced.  Small areas of galvanised coating damaged during transit and erection or by cutting and welding at Site shall be removed to the satisfaction of the Engineer.  Such repairs to the coating will be made by use of either low melting point zinc alloy repair rods or powders made specifically for this purpose.  If in the opinion of the Engineer, the damage is local and can be repaired by applying a coat of galvanising repair paint, the damaged area shall be cleaned by wiping with clean rags saturated with mineral spirits or xylene followed by wire brushing.  After wire brushing, the area shall be re-cleaned with solvent to remove residue and shall be given a minimum of two coats of zinc rich paint in accordance with the manufacturer's instructions.

3.18.5
Insulating Synthetic Fluid

Unless otherwise specified, sufficient synthetic fluid shall be supplied to fill all equipment provided under this Contract.  The synthetic fluid shall be of appropriate type and suitable in all respects for use in the equipment when it is operated under the conditions laid down in this Specification.  The synthetic fluid shall comply with the IEC Specification 1066 for Polyester fluids.

3.18.6
Prevention of Acidity

The design, and all materials and processes used in the construction of the equipment, shall be such as to reduce to a minimum the risk of development of acidity in the fluid or gas.

3.18.7
Dust

All plant and equipment having intakes or breathers or having lubricated parts exposed to atmosphere shall have adequate protection by filter or bellows against the ingress or absorption of process dust or ambient dust-laden air.  Such dusts may be of a very fine nature and although mainly in the 30-70 micron range may be down to 10 microns or lower.

3.19
NAMEPLATES AND LABELS
3.19.1
General

All apparatus, plant and equipment shall be clearly and permanently labelled, to the approval of the Engineer, in English, unless otherwise specified.  Where labels are provided for making clear the method of operation of apparatus they shall be concise and preferably diagrammatic in form.  They shall be of such a size as to be readable at normal operating positions.

Each item of plant or equipment covered by this Specification shall be supplied complete with an identification nameplate, clearly engraved or stamped with: Property of The Jordanian Electric Power Co. Ltd., Year of Manufacture, Serial No. and Contract No. together with the Manufacturer's name, plant number and date, and any other such information that will assist future maintenance and the purchase of spare parts.

Vessels which have been hydraulically tested at the Manufacturer's works must also have the test pressure and the date of test indicated on the plate.

Nameplates, labels and their fixing screws shall be of stainless steel or other corrosion-resistant material.  Where the use of vitreous enamelled labels is approved, the whole surface including the back and edges shall be properly covered and protective washers shall be provided front and back of the fixing screws.

Labels for similar equipment shall be of uniform appearance and size.

Each detachable unit shall be either marked so as to enable it to be identified with the parent equipment, or else marked with the manufacturer’s name and type number or code number and where definable, its function.

3.19.2
Warning and Danger Notices

Warning and danger notices shall have red lettering on a white background, and shall be in English and Arabic.

3.19.3
Mandatory and Safe Conditions Notices

These notices shall be in accordance with "Draft International Standards ISO/DIS/3864.3 Safety Colours and Safety Signs".

3.19.4
Transformers and Switchboards

Each unit of switchgear and transformer shall be adequately and permanently labelled at the front and at the rear with labels of two colours plastic material, matt or semi-matt finished.  Labels shall have black lettering on a white background.

Circuit identification labels shall be provided at the front and at the rear of all units.  An identical label shall be fitted to the front of all withdrawable moving portions and to the relevant fixed part.
All components such as switches, fuses, relays and other devices, whether mounted inside or on the surface of the compartments, shall have identifying labels which shall be related to the identifying references on the arrangement drawings and wiring diagrams.
For secondary fuses the current rating of the fuse link shall be shown on the label.

Danger or warning labels shall comply with Clause 20.2 (Warning and Danger Notices).  They shall not be mounted on removable parts. So far as reasonably possible, labels and the lettering thereof shall comply with the approximate dimensions given below:
	Equipment
	Label Size
(mm)
	Lettering
(mm)

	Main labels on panels, cubicles, kiosks,  junction and control boxes and similar equipment
	125 x 50
	20 x 1.5

	Control and changeover switches and similar items
	70 x 30
	12 x 1.5

	Fuses and links
	35 x 15
	5 x 1

	Relays and contactors
	60 x 20
	5 x 1


3.20
SPARE PARTS
Particulars of spare parts, which may or may not form part of the Contract at the Engineer’s discretion, shall be given in Schedule J.

3.21
PACKING FOR SHIPMENT
3.21.1
Containers, Packing Cases and Crates

Packing shall be such that it affords adequate protection to the enclosed materials against mechanical damage and all climatic conditions during transport to its final destination and transition from one to another.

Where shipment by container is intended the packing requirements stated below for non-containerised shipments shall apply for any part container loads.

Containers shall be of the fully enclosed weatherproof type (i.e.  metal sides and roof) unless the size of plant to be shipped necessitates otherwise in which case the type of container and method of shipping shall be subject to approval.

Adequate battens and braces shall be provided to prevent movement of equipment within the container.  Where appropriate due to the weight or nature of the equipment pallet type bases shall be provided to assist in loading and offloading.

When in cases or crates or containers, all items shall be so secured that they are not free to move and cannot work loose in transport.  Bags of loose items shall be placed in a supplementary case, each bag having stitched on to it a metal label indicating the number and nature of its contents.  Where a filler material is used in a case to restrict movement or provide additional protection it must be inorganic and non-hygroscopic.
All surfaces liable to corrosion shall be thoroughly cleaned and special steps, adapted to the nature of the materials and the time interval between packing and unpacking, shall be taken to prevent corrosion.  These steps may constitute the greasing of surfaces, the application of a protective coat, enclosure of the items in a hermetically sealed container, consisting of paper, cellophane, plastic or zinc, the addition of vapour phase inhibitor paper to the package, or other approved means.

Steps shall be taken to ensure that insulated materials cannot be damaged by moisture, moulds, insects or rodents.  Items that include materials liable to be damaged by moisture shall be packed in hermetically sealed containers in which silica gel, or some other approved dehydrant, has been inserted.  In particular, the cases containing spares shall be effectively protected for storage over a period of several years without deterioration.
Cases shall be marked both with large lettering to show which side up the case is to be, and, if the contents are fragile, marked "FRAGILE" in large letters and the international wine glass symbol.  In the case of container shipments individual crates or equipment on pallets shall also indicate any special handling or movement requirements or weight limitations.  Packages shall be marked with their place of destination in such a way that rough handling or the effect of weather cannot remove or obliterate the marking.  Each separate package shall be marked with the gross weight and for all lifts over two tonnes marks on the cases or equipment shall show where the weight is bearing and the correct positions for the slings.

The cases shall, whenever possible, be so packed that they can safely be placed any side uppermost and no reliance shall be placed on the ability of those who will handle the case to read written instructions or to understand pictorial ones.  Cases that have to be slung in a certain way shall, as far as possible, be so constructed that they cannot conveniently be slung in any other way and packages shall preferably be so large that they cannot be easily rolled over or thrown about; thus when practicable small cases shall be crated together to form one larger unit.  Crates shall be sufficiently strong to be capable of being slung from the outside even when provision is also made for slings to be attached direct to a major article inside.

Special steps shall be taken to guard against theft during transport.  No small items, such as padlocks, nameplates and so forth, which could be torn off or unscrewed, shall be accessible.  Cases, crates, barrels and drums shall be banded in such a manner as to obstruct the theft of any of the timber used for packaging, and the bands shall be so secured that they are not rendered ineffective by shrinkage of the wood.
A descriptive and fully itemised list shall be prepared of the contents of each packing case or container.  A copy of this list shall be placed in a waterproof envelope under a metal or other suitable plate securely fastened to the outside of one end of the case or container and its position adequately indicated by stencilling. Where appropriate drawings showing the erection marking of the items concerned shall be placed inside the case or with the equipment in the container.

All stencilled markings on cases and crates, or other markings on descriptive metal tabs fixed to cable drums, bundles of structural steelwork and so forth, shall be applied in two places with a material which cannot wash off and shall be additional to any erection of other marks or impressions which may be specified elsewhere.

Packing shall be subject to inspection by the Engineer.

The Contractor shall be held responsible for and make good, any and all damages due to improper preparation of goods for shipment.

Packing cases shall be marked with an approved colour band if required to assist in the identification at points of transfer.  Each crate or other unit shall be legibly and properly marked in accordance with the details to be issued under the Contract Procedure and shall include the name, size and quantity of the material.

Any additional expenses involved, due to failure on the part of the Contractor to comply with this requirement shall be borne by the Contractor.

All packing cases shall remain the property of the Employer and the Contractor shall be responsible for them until handed over.  The disposal of all packing cases shall be at the discretion of the Engineer.
 3.21.2
Shipping Marks and Shipping

Each container, case or crate shall be clearly marked on two vertical faces with the following shipping mark:
	The Jordanian Electric Power Co.Ltd

Contract No......................



Letter sizes are to be a minimum of 100 mm and the diamond enclosing the Contract number shall have sides of length at least 700 mm and shall be coloured red.
Crated items shall not, without the express approval of the Engineer, be shipped as deck cargo and all protection and packaging for shipment is subject to inspection and approval by the Engineer.  Notwithstanding such approval, it is the sole responsibility of the supplier to ensure that all items are packed in such a way as to ensure their complete safety and that of the shipping and handling authorities and their equipment.
The Manufacturer shall be held responsible for, and make good, any and all damages due to improper preparation of goods for shipment or storage.

3.22
MANUFACTURING EXPERIENCE
The Manufacturer shall provide documentary evidence confirming that transformers of an identical rating to those offered against this document have been in production for a minimum of 10 years.  In addition, a list shall be provided with full addresses (Postal & E-mail) and Fax numbers of users with service experience of transformers identical to those offered.  This information shall be provided at the time of Tender closing date complete with all other documentation specified.

4
INSULATORS, BUSHINGS AND FITTINGS TYPICAL STANDARDS IEC 60137 & IEC 60273

4.1
MATERIAL
Porcelain insulators shall be sound, free from defects and thoroughly vitrified so that the glase is not depended upon for insulation. The glaze shall be smooth, hard, of uniform shade and shall completely cover all exposed parts of the insulator. The insulators shall be unaffected by the atmospheric conditions due to weather, proximity to the coast, fumes, ozone, acids, alkalis, dust or rapid changes of temperature between -6 deg. C and plus 55 deg.C under working conditions.

The porcelain shall engage directly with hard metal, and where necessary, an approved resilient material shall be interposed between the porcelain and the fittings. All porcelain clamping surfaces in contact with gaskets shall be accurately ground and free from glaze. All fixing material used shall be of approved quality and applied in an approved manner, and shall not enter into chemical action with the metal parts or cause fracture by expansion in service. Where cement is used as a fixing medium, cement thickness shall be as small and even as possible, and proper care shall be taken to center and locate the individual parts correctly during cementing.

Resin bonded paper insulators shall be in accordance with B.S.1314, of approved design and method of manufacture, and shall retain their insulating characteristics in service. Special precautions shall be taken to exclude moisture from paper insulation during manufacture and assembly. The surfaces of all paper insulators shall be finished with approved non-hygroscopic varnish which can not be easily damaged.

Toughened glass shall be sound and free from defects or blemishes which might adversely affect the life of the insulator. All exposed glass parts shall have a smooth surface.

Cast resin bushing assemblies when approved by the Engineer shall be in accordance with BS.3816 and be designed to withstand short circuits no less onerous than those specified for the associated equipment. The bushing assemblies shall not be affected by continuous immersion in transformer oil at 105 deg. C. or by bitumen based compounds to BS.1858 with pouring temperatures of 160 deg. C.

4.2
ELECTRICAL DESIGN
The total creepage distance and the protected creepage distance over the external surface of bushings and insulators shall not be less than the minimum values specified in Clause 2.2.3. The protected creepage distance refers to that part of the insulator which is protected against rain at right angles to the axis of the bushing. For post insulators comprising standard units, the above requirements shall, unless otherwise specified, be met by the addition of an approved number of additional units to the normal assembly.

4.3
MECHANICAL DESIGN
The strength of insulators shall be such that, when supporting the maximum working load as in service, the factor of safety shall be not less than 2.5. They shall be secured in an approved manner with suitable clamping plates. They shall not engage directly with metal but shall be mounted with suitable interposing materials. The design of all insulators shall be such as to permit easy cleaning.

4.4
BUSHING INSULATORS
For rated voltages below 36kV the filling medium of bushing insulators shall be to approval. If filled with insulating oil means shall be provided to ensure maintenance of the correct oil level and oil level gauges shall be such as to give reliable indication to an observer at ground level with the equipment live. The oil within the bushing shall not enter into contact with that in the remainder of the equipment.

Any stress shield shall be considered an integral part of the bushing assembly.

Bushing flanges shall not be of a shape which may trap air. Outdoor bushing insulators and fittings and their mounting arrangements shall be designed so as to avoid pockets in which water can collect.

5
DISTRIBUTION TRANSFORMERS

5.1
TYPES OF TRANSFORMERS AND OPERATING CONDITIONS
All Transformers shall be core type, mineral oil immersed, natural air cooled and shall be of the outdoor type.
Where specified in Schedule 'G' transformers of the sealed type shall utilize a non-breathing gas cushion, or other provision to absorb the oil expansion. The volume of gas shall not be less than 25% of cold oil volume at 15 deg. C.

The construction of the tank and cooling fins shall be sufficiently rigid to withstand the forces produced by expansion of hot oil within the limits of deflection stated in Clause 6.2.1 (f).

Transformer tanks incorporating corrugated metal walls and/or ends may be offered but the design, methods of construction and testing of such tanks shall be subject to the approval of the Engineer.

Transformers having flexible rubber membranes designed to accommodate increase in volume due to expansion shall not be offered.

Care must be taken to ensure the dissipation of all heat generated due to tank losses when transformers are operating with natural cooling. Ventilation equipment will be provided for each transformer area if necessary to achieve the specified ONAN ratings.

Wherever the word rating is mentioned, it shall indicate the transformer rating at 100% for 24 hours continuous use without forced cooling.

5.2
CONTINUOUS MAXIMUM RATINGS AND OVERLOADS
All transformers shall be capable of operation continuously without injurious heating when operating on any tapping position and at the overloads and/or overvoltages directly specified.

5.3
ELECTRICAL CONNECTIONS
Transformers shall be connected in accordance with the Group Symbol specified.

When specified a tapping shall be provided to give an alternative ratio of transformation. When operated on this tapping, the transformer shall give full rated power, as specified.

Transformers with alternative ratios of transformation shall be capable of withstanding the voltage tests specified, for the most severe condition.

Bushing insulators if specified shall be mounted on the transformer tanks so that the H.V. and L.V. connections can be taken away horizontally clear of all obstacles.

5.4
DUTY UNDER FAULT CONDITIONS
Except where modified below, it is to be assumed that the amount of generating plant simultaneously connected is such that normal voltage will be maintained on one side of any transformer when there is a short-circuit between phases or to earth on the other side. Any transformer may be directly connected to an underground or overhead transmission line and switched into and out of service together with its associated transmission line.
All transformers shall be capable of withstanding an external asymmetrical short-circuit between phases according to IEC60076 procedure in addition to one shot five seconds continuous without damage and the test results shall be in compliance with the ranges defined by the IEC60076. Transformers without tertiary windings shall be capable of withstanding for five seconds, without damage, a short-circuit between one phase and earth.

The short circuit test shall be witnessed by JEPCO Representative(s) in independent laboratory.

5.5
FLUX DENSITY
Unless otherwise agreed, the magnetic circuit shall be of cold rolled grain oriented sheet steel and the maximum flux density shall not exceed 1.6 Tesla when the voltage applied to any tapping is not in excess of that for which the tapping was designed.

5.6
VIBRATION AND NOISE
Every care shall be taken to ensure that the design and manufacture of all transformers and auxiliary plant shall be such as to reduce noise and vibration to the level of that obtained in good modern practice.

5.7
MAGNETIC CIRCUIT
The design of the magnetic circuit shall be such as to avoid static discharges, development of short circuit paths within itself or to the earthed clamping structure and the production of flux components at right angles to the plane of the laminations which may cause local heating.

Where the magnetic circuit is divided into packets by cooling ducts parallel to the plane of the laminations or by insulating material above 0.25 mm thick, tinned copper strip bridging pieces shall be inserted to maintain electrical continuity between packets.

The magnetic circuit shall be earthed through a link as specified in Clause 5.10. With the link removed the magnetic circuit shall be insulated from all structural parts so as to with-stand the tests specified and shall subsequently be earthed.
5.8
TRANSFORMER MAGNETIZING CURRENT

Transformer magnetizing inrush current shall not exceed 12 times the transformer normal full load current for a period not exceeding 10 ms.

Evidence of compliance with the requirements of this Clause with regard to the magnetizing inrush current is to be provided.

5.9
MECHANICAL CONSTRUCTION OF CORES
Care shall be exercised in the selection, treatment and handling of the core steel to ensure that as far as possible laminations are flat and the finally assembled core is free from distortion. Particular care shall be taken to secure even mechanical pressure over the laminations, to prevent subsequent settling of the core and to reduce noise vibration during operation.

All parts of the cores shall be of robust design capable of withstanding any shocks to which they may be subjected during lifting, transport, installation and service.

All structural members of the assembled cores shall be of steel. All castings shall be fettled and structural steel adequately cleaned and painted before being built into the structure. Any non-magnetic or high resistance alloy used shall be subject to approval.

Adequate fitments shall be provided to enable the core and windings to be lifted.

Suitable accommodation, attached to the transformers, shall be provided for the storage of any removable portions of the lifting arrangements.

Adequate provision shall be made to prevent movement of the transformer relative to the tank during transport and installation or while in service.

The supporting framework of the cores shall be so designed as to avoid the presence of pockets which would prevent complete emptying of the tank through the drain valve, or cause trapping of air during filling.

The framework and core bolts shall be effectively insulated from the core as to reduce circulating currents to a minimum.

5.10
WINDINGS 
5.10.1
General

The windings shall be fully insulated for continuous working at the specified service voltage.

Tapings shall be arranged at such portions on the windings as will preserve, as far as possible, the electromagnetic balance of the transformer at all voltage ratios, but shall also be positioned with due regard to the impulse voltages which may be impressed on the windings.

The insulation of windings and of all connections shall be of approved materials which shall not deteriorate under the action of hot oil or from other causes when the transformers are operated continuously at the maximum permissible loads.

The stacks of windings shall receive adequate shrinkage treatment before final assembly.

The coil clamping arrangement and the finished dimensions of any oil ducts shall be such as will not impede the free circulation of oil through the ducts.
No strip conductor wound on edge shall have a width exceeding six times its thickness.

All windings shall be of the helical or layer type wound with wire conductors. Strip conductors may replace wire conductors and are technically acceptable provided the Manufacturer can supply documentary evidence that they have been in production for at least (10) years and provided that the evaluation will be carried out using the "transformer losses formula" (sections 7&8). Foil or sheet windings may also be considered provided the (10) year experience condition is met and subject to the formula as well. The warranty for transformers with foil or sheet windings shall exceed that specified in the Conditions of Contract by 18 months.

5.10.2
Bracing of Windings

The windings and connections of all transformers shall be braced to withstand shocks which may occur during transport or due to switching and other transient conditions during service. 
Coil clamping rings, if provided, shall be of suitable insulating material built up from flat laminations. Axially laminated material other than bakelised paper shall not be used. Where bakelised paper rings are used with the layers of paper lying in an axial direction, the rings shall only be relied upon to provide the major insulation between the windings and earth, provided the creepage voltage stress obtained by dividing the full line voltage by the creepage distance to earth does not exceed 200 V/mm.

If steel clamping rings are used they shall be so designed as to prevent the formulation of circulating currents.

Any metal pieces in contact with laminated rings shall be so designed and secured that they do not weaken the electrical or the mechanical properties of the rings.

If the transformer winding is built up of sections or disc coils, separated by spacers the clamping arrangements shall be such that equal pressures are applied to all columns of spacers. All such spacers shall be securely located, shall be of suitable material and shall receive adequate shrinkage treatment before assembly.
5.11
INTERNAL EARTHING ARRANGEMENTS

All metal parts of the transformer with the exception of the individual core laminations, core bolts and associated individual clamping plates shall be maintained at some fixed potential.

The top main core clamping structure shall be connected to the tank body by a copper strap. The bottom clamping structure shall be earthed by one or more of the following methods:

(a)
By connection through vertical tie-rods to the top structure.

(b)
By direct metal-to-metal contact with the tank base, maintained by the weight of the core and windings.

(c)
By a connection to the top structure on the same side of the core as the main earth connection to the tank.

The magnetic circuit shall be earthed through a bushing at one point at the top of the transformer only through a removable link placed in an accessible position beneath an inspection opening in the tank cover. The connection to the link shall be on the same side of the core as the main earth connection and taken from the extreme edge of the top yoke in close proximity to the bridging pieces referred to in Clause 5.7 - Magnetic Circuit. A suitably engraved label shall be fitted on the main transformer tank adjacent to the removable lid for identification purposes.

Magnetic circuits having an insulated sectional construction shall be provided with a separate link for each individual section and the arrangement of the connections shall be subject to approval. Where oil ducts or insulating barriers parallel to the plane of the laminations divided the magnetic circuit into two or more electrically separate parts the ducts or barriers shall be bridged and the magnetic circuit shall not be regarded as being of sectional construction.

Where coil clamping rings are of metal at earth potential, each ring shall be connected to the adjacent core clamping structure on the same side of the transformer as the main earth connection.

All the earthing connection with the exception of those from the individual coil clamping rings shall have a cross-sectional area of not less than 80 mm2. Connections inserted between laminations may have the cross-sectional area reduced to 20mm2 where in close thermal contact with the core.

5.12
"OFF-CIRCUIT" VOLTAGE CONTROL
Where specified in Schedule 'G' the tap change control equipment will only be operated when the transformer is off circuit.

The equipment shall consist of tap changing switches located inside the tank under oil and rigidly attached to the core structure preferably adjacent to the tapped coils. They shall be operated mechanically from outside the tank, the operating spindles passing through the tank side, and the arrangement shall be such that it shall also be possible to operate the switches when the transformer is out of its tank. A tap position local indicator shall be fitted and shall show clearly the actual voltage ratio in use at any time. The tapping switch operating handle shall be so positioned as to be easily accessible and lockable and easy to operate.

The off-circuit voltage control switch shall preferably be of the rotary type and not the linear type.

5.13
CONVENTIONAL TANKS WITH RADIATORS
The tank of each transformer shall be of mild steel plate of minimum thickness 5 mm. Each tank shall be designed to prevent the collection of moisture on any part and shall be sufficiently rigid to prevent distortion when the transformer is lifted complete with oil. Suitable lifting lugs shall be provided for this purpose and tank covers shall also be provided with lifting eyebolts, where these covers shall be separate from the core and winding assembly.

Inspection openings shall be provided in the tank cover to give access to changeover links, bushings, core earth links, etc. and these inspection covers shall not weigh more than 25 kg each.

5.14
CORRUGATED TANKS
The Tenderer may offer transformers enclosed within a tank incorporating corrugated metal walls and/or ends.

The base and tops of each transformer shall be of mild steel plate having a minimum thickness of 5mm.

Each tank is to be designed to prevent the collection of moisture on any part and shall be sufficiently rigid to resist any permanent distortion when the transformer is lifted complete with oil and subject to the rigors of road and/or sea transport.

Tank covers shall be provided with lifting lugs or lifting eyebolts, and they shall be separate from the core and winding assembly. 

The corrugated wall and/or ends of the tank shall be formed by folding and welding of the sheet steel of a thickness normally not less than 1.5 mm.

The steel used in the formation of the corrugated walls and ends shall comply with BS 4360 or equivalent and must be of a quality suitable for deep drawings not prone to work hardness and accepting the welding processes used in the tank manufacture. The manufacturing process used shall not introduce any permanent elongation within the steel. Stretching of the walls of the corrugations is not acceptable.

The complete tanks shall be pressure tested for oil tightness and tank rigidity and strength. Such testing shall be completed and proven satisfactory before the core and windings are installed. The methods of construction, testing and quality control of the tanks shall be subject to the approval of the Engineers at all stages of construction. The Tenderer shall submit comprehensive details of the methods of construction and testing procedures employed and shall be prepared to demonstrate to the Engineer the complete operation.

The Tenderer shall submit details of previous experience in the manufacture of corrugated tanks and shall indicate; the number of years manufacturing corrugated tanks, the number and ratings of the transformers, the site location and the failure rate due to the tank defects.

Details shall be submitted of the standard method of packing employed to protect the transformers from mechanical damage during transportation to site. The Tenderer shall indicate in detail, what additional packaging will be provided to protect the transformer during shipping by sea and road, and handling on site, due consideration being given to the limited resources available on route. The method of packing shall be to the approval of the Engineer.

5.15
AXLES AND WHEELS
If specified, transformers are to be provided with wheels and the axles shall be of such dimensions and so supported that under any service conditions they shall not deflect sufficiently to interfere with the movement of the transformer.

All wheels shall be detachable and shall be made of steel.

If wheels are required to swivel, they shall be arranged so that they can be turned through an angle of 90o when the tank is jacked up clear of the transformer mounting pad. Means shall be provided for locking the swivel movements in positions parallel to and at right angles to the longitudinal axis of the tank.

5.16
CONSERVATOR VESSELS, OIL GAUGES AND BREATHERS 
A removable type conservator, fixed with screws and not welded to the body of the transformer, complete with sump and drain valve shall be provided in such a position as not to obstruct the electrical connections to the transformer and having a capacity between highest and lowest visible levels of not less than 7.5% of the total cold oil volume in the transformer and cooling equipment.

Where specified in Schedule 'G' an approved breathing system shall be supplied.

An oil level indicator of the prismatic type shall be fitted to each conservator.

5.17
TERMINAL ARRANGEMENT ON H.V. AND L.V. WINDINGS 
If cable connected or direct switchgear mounted transformers are specified the associated H.V. and L.V. terminals shall be positioned in a horizontal plane on the side of the transformer. The phase markings shall be c.b.a.n. - A.B.C. left to right when facing the terminals. The transformer shall be provided with a flange on the H.V. and/or L.V. sides suitable for either direct connection to the associated H.V. and L.V. switchgear or alternatively for the fitting of a cable box to receive the incoming or outgoing cables. The flange entry to be generally in accordance with B.S. 2562 or equivalent.

5.18
CABLE BOXES 
Cable boxes where specified, shall be in accordance with BS.2562, or equivalent, be of approved design and fitted with glands suitable to receive the cables specified in Schedule 'G'. The L.V. cable boxes shall be designed in a manner not to create any magnetic paths.

All cable boxes for paper insulated lead sheathed cables shall be suitable for resin compound filling with two openings, one at the top for filling and one at the bottom for drainage. The cable boxes shall be fitted with universal tapered brass glands which shall be complete with combined armour and earthing clamps. The brass glands shall be insulated from the cable box in an approved manner, and earthing connectors shall be provided.

All cable boxes for PVC or XLPE insulated cables shall be of the air-filled type and shall be fitted with compression type cable glands.

Cable box bushings shall be complete with tinned copper or brass cable termination sockets of the sweated type suitable for receiving the cable conductors specified in Schedule 'G'.

An approved termination shall be provided for earthing the body of the cable box.

Cooling fins or radiators shall not be fixed below the cable boxes of the transformer terminals.

Cable boxes, terminals and connecting devices on both high tension and low tension sides must allow reversing of cable boxes for top and bottom cable entry; connectors must be of anti-turn type.

5.19
ACCESSORIES
Each transformer shall be provided with the following:

 (a)
Rating and diagram plates bearing the data specified in the appropriate IEC Standard.

(b)
The necessary oil filling and drain valves. The drain valves shall be provided with stop-cock for sampling.

(c)
Tank earthing terminal.

(d)
Bushing for core earthing.

 (g)
Lifting fittings and jacking lugs.

(h)
Temperature indicator to register the temperature of oil near the top of the transformer or thermometer pocket as specified in Schedule 'G', contacts to be provided when specified in Schedule 'G'.

(j)
Oil level gauge of the prismatic type with level visible between 0 deg. C and 100 deg. C.

 (m)
Unit centre lines. Marked clearly on the tank sides.

5.20
EARTHING TERMINAL
A galvanized mild steel earthing flag approximately 63 mm2 and a thickness not less than 6 mm with a centre hole of 14 mm diameter shall be welded externally to the tank on the same vertical line as for the tapping switch handle, approximately 300 mm above the underside of the skid base, or alternatively in a fully accessible position on the main tank.

5.21
TERMINAL BUSHING INSULATORS
All neutral bushings shall be identical to the associated phase bushings.

All bushings connected to the H.V. winding shall have a voltage Rating equivalent to the highest voltage ratio of the transformer and be suitable for carrying the specified current rating under the prevailing site conditions. They shall conform to creepage distance requirements set out in Section 2.

Stresses due to expansion and contraction in any part of the insulator, or connected conductors, or equipment, shall not lead to the development of defects in the bushings.
Low voltage terminal bushings, where specified in Schedule 'G1', shall have a minimum stem diameter of 12mm up to 250 amps rating and 20mm for rating 251 to 525 amps.
5.22
RATING, DIAGRAM AND PROPERTY PLATES
The following plates shall be fixed to the transformer tank at an average height, where possible of 1.7 meters above ground level:

 (a)
A rating plate bearing the data specified in IEC.60076 or other approved standard.

 (b)
A diagram plate showing the internal connections and also the voltage vector relationship of the several windings and in addition a plan view of the transformer giving the correct physical relationship of the terminals. When links are provided for changing the transformer group symbol and/or ratio for which the transformer is connected. The transformer ratio shall be indicated for each tap.

 (c)
A property plate worded to the instruction of the Engineer. The above plates shall be of stainless steel or of other material capable of withstanding continuous outdoor service, and should all be suitably mounted to prevent vibration rattling or corrosion. All information shall be engraved on the plates.
5.23
JOINTS AND GASKETS
Gaskets may employ synthetic rubber as a bonding medium for cork or similar materials but they shall be of oil resisting type unless otherwise approved by the engineer.

5.24
COOLING PLANT
5.24.1
General

Radiators shall be designed so that all painted surface can be thoroughly cleaned by hand and subsequently painted on site for routine maintenance purposes by suitable brushes or sprays.

Radiators shall be so designed as to avoid pockets in which moisture may collect.

5.24.2
Radiators Connected Directly to the Tank 

Radiators connected directly to the tank shall be detachable and shall have valves of an approved design top and bottom so that the radiators can be removed when the tanks are full of oil. Means shall be provided at the top and bottom of each radiator for draining and filling.

Valves shall be provided on the tank at each point of connection to the tank. Fixed radiators shall not be used.

Cooling fins or radiators shall not be fixed below the cable boxes of the transformer terminals.

5.25
EXTERNAL WIRING
Any wiring liable to come in contact with oil shall have suitable oil resisting insulation. The ends of stranded conductors shall be sweated together to prevent creepage of oil along the wire. 

There shall be no possibility of oil entering connection boxes for cables or wiring.

Unless otherwise approved high temperature insulation shall be provided on all wiring when this comes into contact with the transformer tank.

Where the use of conduits is agreed the runs shall be laid with suitable falls and the lowest parts of the run shall be external to the kiosks or boxes. All conduit-runs shall be adequately drained and ventilated. Conduits shall not be run at or below ground level.

The external cabling on transformers shall be armoured or alternatively protected from mechanical damage in an approved manner.

5.26
DRYING OUT *
All transformers shall be dried out at the manufacturer's works and the transport and method of erection thereof so arranged that unless otherwise approved they may be put into service without further drying out on site. The method of drying out and the arrangements for transport and erection shall be subject to approval. Any subsequent drying out which may be necessary after taking over will generally be carried out on site, and the Contractor shall submit to the Engineer for his approval details of the method which he recommends. These details should be incorporated into the Maintenance Instruction Manual.

5.27
TRANSPORT
Irrespective of the actual method approved for transport to the Individual sites, all transformers shall be suitable for transport in oil unless otherwise approved.

All bushings, insulators, conservator vessels and breathers, radiators, wheels or other external parts may be removed for this purpose provided that they can be replaced on site without necessitating drying out the transformer.

The Contractor shall be responsible for ascertaining the methods and limitations of transport to site and designs affected by these factors be subject to agreement.

6
WORKS TESTS

6.1
GENERAL TEST REQUIREMENTS
Tests shall be carried out in order to determine whether the materials and apparatus comply with the Specification and to provide the necessary operation data. All tests shall be arranged to represent the working conditions as closely as possible.

Unless an alternative place of testing is agreed or specified the tests shall be carried out at the Manufacturer's Works.

Not less than fourteen days notice of all tests shall be given to the Engineer, in order that he may be present if he so desires. As many tests as possible shall be arranged together, in accordance with a program to be agreed with the Engineer. Six copies of the Contractor's records of all tests shall be submitted to the Engineer for approval immediately after the conclusion of each test. These records shall be clearly marked so that the Contract equipment items or components to which they refer can be readily identified.

Type tests will not be required in those cases where the Contractor can produce certified evidence that the required type tests have been performed successfully on identical equipment or equipment which is for practical test purposes similar and produced in the factory where the equipment offered is to be manufactured. Evidence to this effect shall be submitted at the time of tendering, or as practicable thereafter.

High voltage tests shall be conducted generally in accordance with IEC 60060.

Insulating oil or gas used in any equipment undergoing tests shall comply with the requirements of IEC 60296 or 60376 as appropriate.

Except where otherwise indicated all electrical tests shall be carried out at rated frequency and with the supply voltage waveform approximately sinusoidal.

The Manufacturer's test equipment shall be of satisfactory quality and condition and where necessary shall be appropriately calibrated at the expense of the Contractor by such other body as may be agreed.

Where no tests are detailed for items of equipment a full program of tests shall be agreed with the Engineer.

The Engineer reserves the right to call for such additional tests as may be necessary to prove compliance with the Specification.

6.2
TRANSFORMERS
6.2.1
Type Tests

One transformer of each type shall be subjected to the following type tests.

(a) Impulse-Voltage Withstand Test - One transformer of each outdoor design, rating and voltage ratio shall be tested in accordance with IEC 60076-3: 2000, Clauses 12 and 13.

Neutral terminals shall be connected as in service, i.e. neutrals of fully insulated windings shall be left isolated. Approved means shall be provided to prevent voltages in excess of 75% of the design impulse voltage of the associated winding from appearing at the line terminals not under test.

Except where modified below at least one terminal of the winding or windings not under test on the same limb as the winding under test shall be solidly earthed.

The transformer tank shall be efficiently connected by low impedance copper strip to the impulse generator earth point and the whole well earthed. Arcing horns, if fitted to the transformer bushings, shall be adjusted to the maximum setting permitted by the bushing design or shall be removed.

(b) Temperature Rise Test - One transformer of each rating and voltage ratio with is own tank, voltage control apparatus, and cooling apparatus, if any, shall be tested in accordance with the provisions of IEC 60076. Unless otherwise agreed with the Engineer the temperature rise test shall be carried out with the transformer on normal ratio.

(c) Capacitance Test - The capacitance between windings and to earth shall be measured by an approved method.

(d) Short Circuit Test - When required by the Engineer a full voltage short-circuit test shall be performed on a typical transformer.

With the high voltage winding energised at full voltage from a supply source which will maintain this voltage under fault conditions, a short-circuit shall be applied to the low voltage terminals and held for 5 seconds in accordance with the Specification Clause headed "Duty Under Fault Conditions".

It shall be demonstrated that the transformer has substained no damage as a result of this test.

A separate price for this test shall be entered in Schedule 'J2'.

(e) Noise Level Test - Noise levels shall be measured with the transformer on no load at normal voltage and frequency. Where a transformer has more than one rating, measurements shall be repeated with the cooling system corresponding to each rating in operation.

All readings shall be made at the "A" weighting using a precision sound level meter conforming to IEC.61672. The calibration of this instrument shall be verified before and after the tests.

The background noise level shall be of the order of 10 dB. Wherever possible the transformer shall be positioned at least 3 m from any reflecting surface. Where this is not possible any readings influenced by reflections may, at the discretion of the Engineer be disregarded when coputing the average noise level.

Measurements shall be made at intervals not exceeding 1 m in a horizontal plane 1.2 m or half the tank height, whichever is the lesser, above the tank base. The microphone shall be located at points situated 0.3 m from an imaginary strin passed round the transformer to include all major projections from the tank but excluding valves and similar fittings.

The average surface noise level shall be calculated from the average of the readings obtained

(f) Tank Vacuum Tests - One transformer tank of each size shall be subjected when empty of oil to a vacuum of 70 kN/m2 below atmospheric pressure. The permanent deflection of flat plates after the vacuum has been released shall not exceed the value specified below.

	Horizontal Length of Flat Plate

mm
	Permanent Deflection

mm

	Up to 750
	……
	……
	……
	……
	5

	Over 750 to 1250
	……
	……
	……
	6.5

	Over 1250 to 1800
	……
	……
	……
	8

	Over 1800 to 2000
	……
	……
	……
	9.5

	Over 2000 to 2300
	……
	……
	……
	11

	Over 2300 to 2500
	……
	……
	……
	12.5

	Over 2500 to 3000
	……
	……
	……
	16

	Over 3000
	……
	……
	……
	……
	19


(g) Tank Pressure Test - One transformer tank of each size together with its radiators, conservator vessel and other fittings shall be subject to the normal pressure at the base of the tank plus 35 kN/m2. The permanent deflection of flat plates after the excess pressure has been released shall not exceed the figure specified in the Vacuum Test.

6.2.2
Routine Tests

(a)
Dielectric  Tests - The Windings and all connections of each transformer with its voltage control apparatus when completely assembled including bushing insulators or cable boxes, shall be subjected to dielectric tests in accordance with the provisions of IEC.60076 except where there are varied by the following requirements:

(i)
Where single-phase induced voltage tests are used, the tests shall be applied to each phase in succession.

 (ii)
Insulation resistance tests on the winding shall be carried out by an approved method both before and after the high voltage tests.

Where the normal specified voltage ratio is adjusted to take account of anticipated voltage regulation the value of test voltage selected shall be based on that appropriate to the highest system voltage.

(b)
Other tests - Each transformer shall be tested in accordance with IEC.60076 to prove compliance with the guarantees in respect of the following for both ONAN and ONAF ratings:-

· Fixed and load losses

· Short circuit impedance (ohm/ph.) related to H.V. winding

· Impedance voltage

· Zero  phase-sequence impedances

· Regulation

· Magnetizing current

· Voltage ratio

· Vector group reference

· Thickness of paint

· Winding resistance*

* Where windings are tapped for voltage regulation the winding resistance shall be measured at each tapping position.

(c)
Tank Oil Leakage Test - All tanks and oil filled compartments shall be tested for oil tightness by being completely filled with oil of a viscosity not greater than that of the appropriate grade of insulating oil at a temperature of 15 oC and subjected to a pressure equal to the normal pressure plus 35 kN/m2. This pressure shall be measured at the base of the main tank, and shall be maintained for a period of not less than 24 hours, during which time no leakage shall occur.

 (d)
Core Insulation Test - After assembly each core shall be pressure tested for one minute at 2,000 volts a.c. between all bolts, side-plates, structural steelwork and the core.
6.3
VOLTAGE CONTROL EQUIPMENT
6.3.1
Type Tests

In accordance with the requirements of IEC 60214. The power frequency withstand voltage test is to be applied between electrically adjacent contacts; the test shall be carried out at half normal service voltage.
6.3.2
Routine Tests

(a)
Duty Cycle - All switching apparatus, when completely assembled, shall be operated ten times in the normal manner through the complete cycle with the transformer un-excited. This shall be followed by one operation in the normal manner through the complete when the transformer is energised at normal volts on open circuit.

 (b)
Dielectric Tests - Auxiliary circuits shall withstand the dielectric tests specified in IEC 60214.

 (c)
Operational Tests - The correct functioning of all control devices including limit switches and mechanical and stops shall be demonstrated.

Tests shall also be made to demonstrate all aspects of the tap changer parallel control system and also compliance with the requirements for remote control of the voltage reduction facility.

6.4
OIL FILLED VESSELS OTHER THAN CABLE BOXES
6.4.1
Routine Tests

All oil filled vessels other tank circuit-breaker tanks or cable boxes shall be filled with insulating oil and subjected to service operating pressure, or, if vented to atmosphere, to a pressure of 1 bar. They shall be left standing for a period of 24 hours. During this period no leakage shall occur.

6.5
INSULATED PRESSURE CONTAINERS
6.5.1
Routine Tests

Containers made of insulating material which have in service to withstand gas pressures in excess of atmospheric pressure shall each be tested hydraulically after all necessary grinding or machining work on them has been completed. For containers having fittings permanently attached thereto, the tests shall be made after the fittings have been added.

The tests shall be carried out at the pressure given below for a period of 15 minutes and components shall thereafter be marked in an agreed manner.

 (a)
For containers subject to static gas pressure loads only, and not subject to material mechanical shock in service, the test shall be made at twice maximum working pressure.

 (b)
For containers subject to rapid changes of gas pressure, or gas pressure plus mechanical shock, the test shall be made at three times maximum working pressure.

6.6
BUSHINGS 
The requirements of this section are applicable to ceramic, treated paper, condenser and other bushings for use indoors or outdoors and may be with or without oil or other filling as appropriate.

6.6.1
Routine Tests

In accordance with the requirements of IEC 60137.
6.6.2
Sample Tests

In accordance with the requirements of IEC 60137.

6.6.3
Type Tests

In accordance with the requirements of IEC 60137 plus:-

(a)
Puncture Withstand Test - The bushing, immersed in the medium, or media as intended for service shall have a voltage of approximately one third of the test voltage applied to it. The voltage shall be increased to the test voltage as rapidly as is consistent with its value being indicated by the measuring means, provided that the time taken to increase the voltage to the final value is not less than 10 seconds. The final test voltage, which shall be 15% greater than the specified Power Frequency Withstand Voltage shall be sustained only for the time necessary to determine it. Puncture or flashover shall not occur during the test. Bushing which have been subjected to this test shall not thereafter be used in the contract works without special approval.

(b)
Alternatively, on bushings intended for use with impulse tested apparatus, the test shall be performed by subjecting the bushing under the above conditions to five consecutive impulse voltage waves. The impulse waves shall be of the most onerous polarity and of a value 15% in excess of that specified as the Rated Insulation Level. During this test puncture of the bushing or flashover of insulation immersed in oil or gas shall not occur, but flashover of air ends is permissible.

6.7
PORCELAIN INSULATORS
The requirements of this section are applicable to porcelain insulators which are complete in themselves or form part of complete bushings assemblies.

6.7.1
Routine Tests

In accordance with the requirements of IEC 60233.

6.7.2
Sample Tests

In accordance with the requirements of IEC 60233.
6.8
Protective Equipment

6.8.1
Routine Tests

All relays, instruments and other equipment shall be subjected to routine tests as specified in relevant IEC publications or other standard before incorporation in the complete equipment.
6.8.2
Type Tests

Type tests shall be in accordance with the relevant IEC Recommendation or other applicable standard. Tests shall also be carried out to prove composite relay systems, e.g. differential relays in respect of stability, sensitivity, operating time, settings and setting ranges under all fault conditions.

These shall be performed in a manner to simulate working conditions as closely as possible utilizing equipment assembled as in service and including resistance not less in value of any external leads associated with the equipment as connected at site.

6.9
Control and Indicating Panels, Marshalling Kiosks, Terminal Boxes, Meters, Instruments and Secondary Wiring

6.9.1
Routine Tests
All components shall have been tested in accordance with relevant IEC recommendation or other standards prior to assembly in the complete equipment.

Tests shall be carried out to prove the correct functioning and wiring of the complete equipment to the requirements of the specification.

All secondary wiring including panel wiring and control circuits and all apparatus connected directly thereto shall withstand a high voltage test of 2 kV to earth  unless  subject to other requirements such  as  detailed under Protective Equipment.

6.10
Motors

6.10.1
Type Tests

One motor of each type shall be submitted to the following tests which shall be carried out in accordance with IEC 60034 where appropriate.

(a) Measurement of winding resistance.

 (b)
Verification of direction of rotation relative to the phase sequence of the supply.

 (c)
 No load loss measurement at nominal voltage with check for balance with the machine unbolted from the bedplate.

 (d)
Overvoltage test at 125% nominal voltage, no load, for 15 minutes.

 (e)
Temperature rise test.

 (f)
Verification of load characteristics and momentary excess torque capability.

 (g)
Verification of capability to produce rated output at minimum transient voltage, with measurement of slip.

 (h)
Measurement of breakaway, pull-up and pull-out torques.

 (i)
Measurement of breakaway starting current. When this test is carried out at a reduced voltage due to limitation of test plant, allowance shall be made for the effects of saturation when deducing the value at nominal voltage.(j)  Overspeed test at 120% nominal speed for 5 minutes.

 (k)
Dielectric tests including   measurement of insulation resistance.

6.10.2
Routine Tests

All other motors shall be submitted to test (a), (b), (c), (d) and (k) of the above.

6.11
MATERIAL
6.11.1
Sample Tests

Samples selected by the Engineer from metals used in the Contract Works shall be tested to prove compliance with the Specification, including guarantees stated in the Schedules.

6.12
GALVANIZING
6.12.1
Sample Tests

Representative samples, selected by the Engineer of all galvanized material shall be submitted to galvanizing tests. Galvanized fittings associated with insulators, and steel cores for aluminum conductor steel reinforced cables shall be tested in line with the relevant IEC Recommendation. All other fittings, fabrications, hardware and fixings shall be inspected and tested in accordance with ISO Recommendations R1460 and R1461.

6.13
INSULATING OIL AND GAS
6.13.1
Sample Tests

Samples of oil and gas from each consignment shall be tested before despatch and shall comply with requirements of IEC 60296 or 60376 as appropriate.

6.14
COMPOUND
6.14.1
Sample Tests

Samples of compound selected by the Engineer from the bulk shall be tested to prove compliance with the requirements of the standards for the appropriate grade of compound. 
6.15
Cable Boxes and Disconnecting Chambers Routine Tests

(a)
Oil Leakage - All cable boxes and disconnecting chambers shall be tested with oil with a viscosity not greater than that of the appropriate grade of insulating oil when at a temperature of 15 deg. C at a pressure of 70 kN/m2 for 12 hours, during this time no leakage shall occur, neither shall there be any permanent set when the pressure is released.

(b)
High Voltage - Cable boxes and disconnecting or sealing end chambers shall withstand the following voltages for 15 minutes:-

2E kV    D.C.
or
 4E/3 kV    A.C.

Where E is the nominal rated system voltage between phases.

6.16
HANDLING DEVICES AND LIFTING TACKLE
6.16.1
Routine Tests

All handling devices and lifting tackle supplied for maintenance purposes under this contract shall unless they are built into and form part of the equipment, be tested, marked and certificates of test provided.

Lifting tackle built into and forming part of the equipment shall be operated with the maximum working load to the satisfaction of the Engineer.

7
PRESENT WORTH LIFETIME COST EVALUATION

For the basis of comparison, the tenders shall be assessed using this formula for the evaluation of lifetime costs of transformers in service on the JEPCO System:-

Present worth lifetime cost of ownership (JD) =

Unit CIF Price (JD) + (1234 x Copper Loss (kW)) + (5142 x Iron Loss (kW))

8
LIQUIDATED DAMAGES FOR EXCESS LOSSES

Iron and Copper losses stated in Schedule 'D' are to be guaranteed maximum figures and subject to liquidated damages which will be calculated using the constants from the Present Worth Lifetime Cost Evaluation formula for any amount by which the final tested losses exceed the guaranteed figures.

SCHEDULES

The information given in the following schedules must not be varied or departed from without the written approval of the Engineer.
SCHEDULE 'A1'

ITEMS OF THE CONTRACT FOR THE PURPOSES OF PAYMENT AND TAKING OVER
	Item 
	Description
	Quantity

	1.
	100 kVA, 33/0.415 kV Three Phase Outdoor Ground Mounted Distribution Transformers, Copper winding, mineral oil immersed (Ergon– Hyvolt1 type or Nynas- Nytro Libra type), ONAN. 
	75

	2.
	250 kVA, 33/0.415 kV Three Phase Outdoor Ground Mounted Distribution Transformers, Copper winding, mineral oil immersed (Ergon– Hyvolt1 type or Nynas- Nytro Libra type), ONAN. 
	100

	3.
	630 kVA, 33/0.415 kV Three Phase Outdoor Ground Mounted Distribution Transformers, Aluminum winding, mineral oil immersed (Ergon– Hyvolt1 type or Nynas- Nytro Libra type), ONAN. 
	50

	4.
	1000 kVA, 33/0.415 kV Three Phase Outdoor Ground Mounted Distribution Transformers, Aluminum winding, mineral oil immersed (Ergon– Hyvolt1 type or Nynas- Nytro Libra type), ONAN. 
	25

	5.
	1500 kVA, 33/0.415 kV Three Phase Outdoor Ground Mounted Distribution Transformers, Aluminum winding, mineral oil immersed (Ergon– Hyvolt1 type or Nynas- Nytro Libra type), ONAN. 
	15


Notes: 
· The price of each transformer shall include fluid price (Mineral oil (Ergon– Hyvolt1 type or Nynas- Nytro Libra type)). 

· Documents to be submitted as an integral part of the offer, and to be evaluated with the tender:

1. Full technical details, drawings and catalogues.

2. Type test certificates from any European STL member laboratory (KEMA, CESI, and IPH) or equivalent.

3. Fully detailed reference list with contact details.

4. ISO certificate and any documents that will assist in the evaluation.

SCHEDULE ‘B’
Summery Schedule
Technical and Commercial Data

Note: The following schedule represents the most essential data based on which the evaluation process shall be performed.
	Item
	Rated Power

 (KVA)
	Quantity
	Manufacturer

Name & Origin
	Unit CPT JEPCO Stores Price/ Currency
	Total CPT JEPCO Stores Price/ Currency
	Load losses @ 75 (C

(Watt)
	No load losses

(Watt)
	Extra cost for Short circuit test for one transformer

(5 Seconds)
	Short circuit Lab name/ Country
	Delivery

(Weeks)

	1.
	100

33/0.415 kV

Cu winding
	75
	
	
	
	
	
	
	
	

	2.
	250

33/0.415 kV

Cu winding
	100
	
	
	
	
	
	
	
	

	3.
	630

33/0.415 kV

Al winding
	50
	
	
	
	
	
	
	
	

	4.
	1000

33/0.415 kV

Al winding
	25
	
	
	
	
	
	
	
	

	5.
	1500

33/0.415 kV

Al winding
	15
	
	
	
	
	
	
	
	


Notes: 
·    The price of each transformer shall include (Mineral oil Ergon– Hyvolt1 type or Nynas- Nytro Libra type) according to schedules.

·    2% of the total price shall be added on prices that are (CFR/Aqaba) based rather than (CPT/JEPCO Stores) based for evaluation purposes.

SCHEDULE 'C'
MANUFACTURERS, SUB-CONTRACTORS, PLACES OF MANUFACTURE

TESTING AND INSPECTION

	11 &33kV OUTDOOR DISTRIBUTION TRANSFRORMERS
	Manufacturer
	Place of Manufacture
	Place of Testing & Inspection

	1.
	Transformer complete
	…………………
	…………………
	…………………

	2.
	Copper
Aluminum
	…………………
………………
	………………….

…………………
	………………

…………………

	3.
	Core Plates
	…………………
	…………………
	…………………

	4.
	Steel Castings
	…………………
	…………………
	…………………

	5.
	Tanks
	…………………
	…………………
	…………………

	6.
	Radiators
	…………………
	…………………
	…………………

	7.
	Bushings:

(a) M.V

(b) L.V
	…………………
…………………
	………………….

…………………
	…………………

…………………

	8.
	Plug in for M.V. :
	…………………
	…………………
	…………………

	9.
	Insulating Cylinder
	…………………
	…………………
	…………………

	10.
	Insulating Paper
	…………………
	…………………
	…………………

	11.
	Cable Boxes:

(a) M.V.

(b) L.V
	…………………
……………….
	………………….

…………………
	…………………

…………………

	12.
	Fluid Liquid
	…………………
	…………………
	…………………

	13.
	Fluid Valves
	…………………
	…………………
	…………………

	14.
	Voltage Selection Apparatus
	…………………
	…………………
	…………………

	15.
	Tap Changer
	…………………
	…………………
	…………………

	16.
	Gas and Synthetic Fluid Actuated Relays
	…………………
	…………………
	…………………

	17.
	Synthetic Fluid Temp. indicators
	…………………
	…………………
	…………………


	
	SCHEDULE 'D'
TECHNICAL DATA

11&33/0.415 kV THREE PHASE OUTDOOR DISTRIBUTION TRANSFORMERS


	Item
	Data Required
	
	100
33/0.415 KV
	250

33/0.415 KV
	630
33/0.415 KV
	1000

33/0.415KV
	1500
33/0.415 KV

	1.
	Rated power (IEC rating)
	kVA
	
	
	
	
	

	2.
	Continuous rated power at site.
	kVA
	
	
	
	
	

	3.
	Rated Power at site with ONAN cooling on normal tapping.
	kVA
	
	
	
	
	

	4.
	Maximum duration of load at:

(a) 10% overload 

(b) 25% overload 
(c) 50% overload 
	hours

hours

hours
	
	
	
	
	

	5.
	Rated voltage ratio:

(a) Normal higher voltage between phases which will be maintained when lower voltage winding is loaded as defined in (c) below

(b) Normal lower voltage between phases at no load when the voltage adjustment is set at the principal tapping.

(c) Normal lower voltage between phases at full load (CMR) 0.8 pf lagging when the normal higher voltage is as stated in (a) above.
	kV

kV

kV
	
	
	
	
	

	6.
	Type of cooling
	
	
	
	
	
	

	7.
	Phase connections:

(a) Double or auto wind

(b) HV winding

(c) LV winding

(d) Vector group reference number and symbols
	
	
	
	
	
	

	8.
	Range of voltage control (off load):

(a) Increasing ratio

(b) Decreasing ratio
	%

%
	
	
	
	
	

	9.
	Size of steps
	
	
	
	
	
	

	10.
	Line terminals (bushings or cable box)

(a)  HV

(b)  LV
	
	
	
	
	
	

	11.
	Core lamination:

(a) Core Type (Core or Shell)

(b) Material

(c) Thickness
(d) Type of core insulation
	
	
	
	
	
	

	12.
	Material of core clamping
	
	
	
	
	
	

	13.
	Type of insulation between core & clamping material
	
	
	
	
	
	

	14.
	Method of core earthing (direct or through bushing)
	
	
	
	
	
	

	15.
	Maximum flux density in core
	Tesla
	
	
	
	
	

	16.
	No-load current (H.V.)
	%
	
	
	
	
	

	17.
	No load current at 110% Voltage
	%
	
	
	
	
	

	18.
	Maximum calculated initial magnetizing current
	Approx. amp.
	
	
	
	
	

	19.
	Harmonic contents of the magnetizing current:

(a)  3rd % of fundamentals

(b)  5th % of fundamentals

(c)  7th % of fundamentals
	
	
	
	
	
	

	20.
	Calculated zero-phase sequence impedance
	ohm/ph
	
	
	
	
	

	21.
	Load losses (Guaranteed maximum)
	Watts
	
	
	
	
	

	22.
	Fixed losses (Guaranteed maximum)
	Watts
	
	
	
	
	

	23.
	Fixed losses at 110% voltage
	Watts
	
	
	
	
	

	24.
	Maximum efficiency
	%
	
	
	
	
	

	25.
	Load for maximum efficiency
	%
	
	
	
	
	

	26.
	Impedance voltage at normal ratio
	%
	
	
	
	
	

	27.
	Regulation at 75 deg.c. and full load at:

(a) Unity power factor

(b) 0.8 power factor lagging
	%

%
	
	
	
	
	

	28.
	Mean level of noise emanated at no load
	Db
	
	
	
	
	

	29.
	Type of transformer (Sealed or otherwise)
	
	
	
	
	
	

	30
	Type of tank (conventional or corrugated)
	
	
	
	
	
	

	31.
	Thickness of tank:

(a) Top

(b) Bottom

(c) Sides
	mm

mm

mm
	
	
	
	
	

	32
	Dimensions of transformers approx.

(a) Height overall

(b) Length

(c) Width
	mm

mm

mm
	
	
	
	
	

	33.
	Weight of silica-gel
	Kg
	
	
	
	
	

	34.
	Color of silica-gel:

(a) Dry

(b) Wet
	
	
	
	
	
	

	35.
	Insulation of:

(a) High voltage windings

(b) Low voltage windings

(c) Tapping
	
	
	
	
	
	

	36.
	Thickness of inter-turn insulation:

(a) H.V.

(b) L.V.
	mm
mm
	
	
	
	
	

	37.
	Thickness of radiator plates
	mm
	
	
	
	
	

	38.
	Number of radiators per transformer
	
	
	
	
	
	

	39.
	Whether radiators are Detachable with Shut-off valves or not.
	(Y/N)
	
	
	
	
	

	40.
	Percentage decrease in transformer full rated power upon loss of one radiator group.
	%
	
	
	
	
	

	41
	Is it sealed type?
	(Y/N)
	
	
	
	
	

	42.
	Volume of nitrogen cushion 
	
	
	
	
	
	

	43.
	Type of Oil level indicator
	
	
	
	
	
	

	44
	Type of Oil valves
	
	
	
	
	
	

	45.
	Weight of copper/ Aluminum required in the complete transformer:
(a) Material Cu/ Al

(b) H.V. winding

(c) L.V. winding
	kg

kg
	
	
	
	
	

	46.
	Total weight of active part
	kg
	
	
	
	
	

	47.
	Approximate total weight of transformer including oil
	kg
	
	
	
	
	

	48.
	Weight of insulating oil required per transformer
	kg
	
	
	
	
	

	49.
	Temperature rise by resistance (max. 60 deg. C.)
	deg. C.
	
	
	
	
	

	50.
	Temperature rise at top of oil (max. 50 deg. C.)
	deg. C.
	
	
	
	
	

	51.
	Calculated thermal time constant
	Hours
	
	
	
	
	

	52.
	Short-circuit test duration
	Sec.
	
	
	
	
	

	53.
	Tank vacuum test value  
	kN/m2
	
	
	
	
	

	54.
	Guaranteed permanent deflection of tank after vacuum test
	mm
	
	
	
	
	

	55.
	Tank pressure test value kN/m2
	
	
	
	
	
	

	56.
	Guaranteed permanent deflection of tank after pressure test
	mm
	
	
	
	
	

	57.
	Type of tap position switch
	
	
	
	
	
	

	58.
	Are filtering values provided
	(Y/N)
	
	
	
	
	

	59.
	Type of windings:

(a) H.V.

(b) L.V.
	
	
	
	
	
	

	60.
	Material of windings:

(a) H.V.

(b) L.V.
	
	
	
	
	
	

	61.
	Current rating of:

(a) HV bushing

(b) LV bushing
	
	
	
	
	
	

	62.
	Maximum current density of winding:

(a) HV

(b) LV
	A/mm2
A/mm2
	
	
	
	
	

	63.
	Cross sectional area of winding

(a) HV

(b) LV
	mm2
mm2
	
	
	
	
	

	64.
	Resistance at 75 deg.C.per phase of:

(a) H.V. winding

(b) L.V. winding
	ohm

ohm
	
	
	
	
	

	65.
	Insulation level:

(a) Full wave impulse withstand voltage

(b) Power frequency withstand voltage
	kV
kV
	
	
	
	
	

	66.
	Pressure relief device provided?
	(Y/N)
	
	
	
	
	

	67.
	Thermometer with max demand pointer provided?
	(Y/N)
	
	
	
	
	

	68
	Method of painting
	
	
	
	
	
	

	69.
	Type of paint
	
	
	
	
	
	

	70.
	Thickness of paint
	
	
	
	
	
	

	71.
	Maximum observed oil temperature at the top of the tank at full rated power 100%, ( deg. C)
	
	
	
	
	
	


SCHEDULE 'E'

INSULATORS

	Item
	Data Required
	
	33 kV

	1.
	Type and manufacturer
	
	………………

	2.
	(e) Rated normal voltage

(f) Minimum impulse withstand voltage (1.2/50 us wave) at sea level
	kV

kV
	………………

………………..

	3.
	Principal insulating material
	
	………………

	4.
	Length of insulator overall
	mm
	………………

	5.
	Weight of insulator complete with fittings
	kg
	………………

	6.
	Pitch circle diameter of fittings flange
	kg
	………………

	7.
	Diameter of flange bolts
	mm
	………………

	8.
	Electrostatic capacity of complete insulator
	PF
	………………

	9.
	Gap between arcing horns
	mm
	………………

	10.
	Material of arcing horns
	
	………………

	11.
	Material of fittings
	
	………………

	12.
	Total leakage distance over porcelain externally.
	mm
	………………

	13.
	Protected leakage distance over porcelain externally (90 deg. shadow)
	mm
	………………

	14.
	Dry power frequency flashover voltage with all fittings
	kV
	………………

	15.
	Wet power frequency flashover voltage with all fittings
	kV
	………………

	16.
	Voltage below which corona shall not be visible
	kV
	………………

	17.
	Is the insulator filled by insulation liquid
	
	………………

	18.
	Is the insulation liquid of transformers is contact with insulation liquid
	
	………………


SCHEDULE 'E' - Continued

GENERAL - PACKED WEIGHTS AND DIMENSIONS

Packed weights and dimensions are required to be entered in this Schedule only when the weight of the item and packing exceeds 10 tones.
	Item
	Weight
	Dimensions

	…………………………
	…………………………
	…………………………

	…………………………
	…………………………
	…………………………

	…………………………
	…………………………
	…………………………

	…………………………
	…………………………
	…………………………

	…………………………
	…………………………
	…………………………

	…………………………
	…………………………
	…………………………

	…………………………
	…………………………
	…………………………

	…………………………
	…………………………
	…………………………

	…………………………
	…………………………
	…………………………

	…………………………
	…………………………
	…………………………

	…………………………
	…………………………
	…………………………

	…………………………
	…………………………
	…………………………

	…………………………
	…………………………
	…………………………

	…………………………
	…………………………
	…………………………

	…………………………
	…………………………
	…………………………

	…………………………
	…………………………
	…………………………

	…………………………
	…………………………
	…………………………

	…………………………
	…………………………
	…………………………

	…………………………
	…………………………
	…………………………

	…………………………
	…………………………
	…………………………

	…………………………
	…………………………
	…………………………

	…………………………
	…………………………
	…………………………

	…………………………
	…………………………
	…………………………


SCHEDULE 'F'

DRAWINGS

All drawings shall be to scale and fully detailed. All important dimensions shall be given and the material of which each part is to be constructed shall be indicated. Drawings shall not exceed 880 x 200 mm and shall bear approved Contract reference.

Drawings for approval shall be submitted in duplicate as paper prints and after, having been approved, the Supplier shall provide any further copies required by the Engineer, one copy at least being a reproduction on tracing cloth. Such copies shall be of minimum dimensions 300 mm x 200 mm and shall provide a clear margin 25 mm wide along the bottom of the drawing.

All detail drawings submitted for approval shall be to a scale not less than 30 to 1.

Electrical schematic diagrams shall show in a simple manner the connections between all apparatus included in the Contract and also those connections to associated equipment which may be supplied under a separate contract. These schematics shall also show all ferrule numbers.

All wiring diagrams shall include a schedule of apparatus which shall explain any symbols or abbreviations used. All wiring diagrams shall show clearly the details of multi core cable terminated in the equipment, whether such multi core cables are supplied under the Contract or not. Wiring diagrams shall be drawn as viewed from the back of the panels. Where wiring diagrams take the form of schedules each schedule shall include a view of the back of the panel with the position of all terminals identified.

All layout and arrangement drawings shall include a graphical scale to aid the use of photographic reproductions.

The following is a drawing bound into this Specification:

Drawing No: JEP/TRX/100 
Description: Power Transformer Terminal Configuration
[image: image2.png]Low Voliage
Winding

High Voliage
Winding





SCHEDULE 'F'

DRAWINGS

The following is a list of drawings which shall be submitted by the Tenderer with this offer.

(a) General arrangement of transformers showing H.V. and L.V. size, including transformer transport, erection dimensions and weights.

(b) General arrangement and dimensions of transformer H.V. and L.V.cable box flanges (transformers fitted with cable boxes only). 

(c) Details of ratio changing arrangements.

(d) Details of off load tap changer.

(e) Details of 415 volt of cable boxes and bushing.

(f) General arrangement of insulators.
SCHEDULE 'G'

STANDARDS

The Tenderer shall list the standard specifications to which the main items of tendered equipment are designed and manufactured.

	Equipment
	National Standard
	English Title

	………………………………..
	………………………………..
	………………………………..

	………………………………..
	………………………………..
	………………………………..

	………………………………..
	………………………………..
	………………………………..

	………………………………..
	………………………………..
	………………………………..

	………………………………..
	………………………………..
	………………………………..

	………………………………..
	………………………………..
	………………………………..

	………………………………..
	………………………………..
	………………………………..

	………………………………..
	………………………………..
	………………………………..

	………………………………..
	………………………………..
	………………………………..

	………………………………..
	………………………………..
	………………………………..

	………………………………..
	………………………………..
	………………………………..

	………………………………..
	………………………………..
	………………………………..

	………………………………..
	………………………………..
	………………………………..

	………………………………..
	………………………………..
	………………………………..

	………………………………..
	………………………………..
	………………………………..

	………………………………..
	………………………………..
	………………………………..

	………………………………..
	………………………………..
	………………………………..

	………………………………..
	………………………………..
	………………………………..

	………………………………..
	………………………………..
	………………………………..

	………………………………..
	………………………………..
	………………………………..

	………………………………..
	………………………………..
	……………………


SCHEUDLE 'H'

LIST OF EQUIPMENT WITH PRICES
To complete each equipment detailed in this schedule there shall be provided the necessary oil, cable boxes, all auxiliary apparatus, including any steelwork, panel wiring, fuses, interlocking gear, holding down bolts, screens, guards, labels, cable sockets, connectors and all necessary sundries whether specified in detail or not.

SCHEDULE 'I'

LIST OF EQUIPMENT

Item 1: 100 kVA, 33/0.415 kV Outdoor Distribution Transformer
One outdoor sealed type pole mounted, 100 kVA, 33/0.415 kV three phase 50 Hertz Mineral oil (Ergon– Hyvolt1 type or Nynas- Nytro Libra type) immersed transformer ONAN  cooling and windings connected Yzn11, impedance voltage 4.75 % at the 33/0.415 kV ratio.

The transformer shall be in accordance with the requirements of IEC 60076 and be complete with the following equipment:

(a) The transformer shall be filled with Mineral oil (Ergon– Hyvolt1 type or Nynas- Nytro Libra type) complying with IEC 61099. The manufacturer shall provide documentary evidence of the fluids compliance with the IEC standard and any Health and Safety documentation related to its usage, handling and disposal.

The manufacturer shall confirm that all transformer components, gaskets, seals etc. that are in contact or are likely to be in contact with the insulating fluid are fully compatible and will not degrade in any form due to exposure of the insulating fluid.
(b) Tap changer to provide voltage control from +5% to -5% of the rated voltage in steps of 2.5%. The tap changer is to be connected to the H.V. winding and shall be controlled by an off circuit tap selector switch.

(c) H.V. Connection:

Bushings for H.V. connections with arcing horns and clamp connectors suitable for terminating stranded copper conductors up to 95 mm2 or ACSR up to 150 mm2.

(d) L.V. Connection:

Flange side-mounted cable box (according to BS 2562 or equivalent) complete with mechanical glands and bimetallic type cable shoes suitable for receiving 4 core 150 mm2. Stranded Cu/AL conductors PVC/SWA/PVC cable. The connectors must be of anti-turn type.
The base of gland plate shall be of non ferrous material.
Terminal configuration of HV & LV windings to be in accordance with BS 171 as follows: HV terminals A-B-C (left-right) HV side frontal view. LV terminals n-a-b-c (right-left) LV side frontal view.

(e) Skid type base suitable for mounting on pole or ground.

(f) Prismatic type oil level indicator.

(g) Rating and diagram plates.
(h) Oil filling and drain/sample valves with stop-cock.

(i) Detachable Radiators** with shut-off valves.

(j) Tank earth terminal. 

(k) Lifting fittings and jacking lugs.

(l) Oil temperature indicator with maximum recording pointer.

(m) Thermometer pocket.

(n) Filtering valves.

(o) Bushing for core earthing.

(p) Pressure relief valve for sealed type transformers.

(q) Valve with stop-cock at the top cover of the transformer for filling.

(r) Cable clamp for holding low voltage cable. 

**Alternative offers with corrugated tanks may be considered.

SCHEDULE 'I'- Continued
LIST OF EQUIPMENT
Item 2: 250 kVA, 33/0.415 kV Outdoor Distribution Transformer

One outdoor sealed type ground mounted, 250 kVA, 33/0.415 kV three phase 50 Hertz Mineral oil (Ergon– Hyvolt1 type or Nynas- Nytro Libra type) immersed transformer ONAN  cooling and windings connected Dyn11, impedance voltage 4.75 % at the 33/0.415 kV ratio.

The transformer shall be in accordance with the requirements of IEC 60076 and be complete with the following equipment:-

(a) The transformer shall be filled with Mineral oil (Ergon– Hyvolt1 type or Nynas- Nytro Libra type) complying with IEC 61099. The manufacturer shall provide documentary evidence of the fluids compliance with the IEC standard and any Health and Safety documentation related to its usage, handling and disposal.

The manufacturer shall confirm that all transformer components, gaskets, seals etc. that are in contact or are likely to be in contact with the insulating fluid are fully compatible and will not degrade in any form due to exposure of the insulating fluid.

(b) Tap changer to provide voltage control from +5% to -5% of the rated voltage in steps of 2.5%. The tap changer is to be connected to the H.V. winding and shall be controlled by an off circuit tap selector switch.

(c) H.V. Connection:

Bushings for H.V. connections  with arcing horns and clamp connectors suitable for terminating stranded copper conductors up to 95 mm2 or ACSR up to 150 mm2.

(d) L.V. Connection:

Flange side-mounted cable box (according to BS 2562 or equivalent) complete with LV mono-block, mechanical glands and bimetallic type cable shoes suitable for receiving 4 core 240 mm2. Stranded Cu/AL conductors PVC/SWA/PVC cable. The connectors must be of anti-turn type.
The base of gland plate shall be of non ferrous material.
(e) Terminal configuration of HV & LV windings to be in accordance with BS 171 as follows: HV terminals A-B-C (left-right) HV side frontal view. LV terminals n-a-b-c (right-left) LV side frontal view.

(f) Skid type base suitable for mounting on ground.

(g) Prismatic type oil level indicator.

(h) Rating and diagram plates.  

(i) Oil filling and drain/sample valves with stop-cock.

(j) Detachable Radiators* with shut-off valves.

(k) Tank earth terminal. 

(l) Lifting fittings and jacking lugs.

(m) Oil temperature indicator with maximum recording pointer.

(n) Thermometer pocket.

(o) Filtering valves.

(p) Bushing for core earthing.

(q) Pressure relief valve (for sealed type transformers).

(r) Valve with stop-cock at the top cover of the transformer for filling.

(s) Cable clamp for holding low voltage cable. 

**Alternative offers with corrugated tanks may be considered.
SCHEDULE 'I'- Continued
LIST OF EQUIPMENT
Item 3: 630 kVA, 33/0.415 kV Outdoor Distribution Transformer
One outdoor sealed type ground mounted three phase 630 kVA, 33/0.415 kV, 50 Hertz Mineral oil (Ergon– Hyvolt1 type or Nynas- Nytro Libra type) immersed transformer, ONAN cooling and windings connected Dyn 11, impedance voltage shall be 4.75% at the 33/0.415 kV ratio.

The transformer shall be in accordance with the requirements of IEC 60076 and be complete with the following equipment:

(a) The transformer shall be filled with Mineral oil (Ergon– Hyvolt1 type or Nynas- Nytro Libra type) complying with IEC 61099. The manufacturer shall provide documentary evidence of the fluids compliance with the IEC standard and any Health and Safety documentation related to its usage, handling and disposal.

The manufacturer shall confirm that all transformer components, gaskets, seals etc. that are in contact or are likely to be in contact with the insulating fluid are fully compatible and will not degrade in any form due to exposure of the insulating fluid.

(b) Tap changer to provide voltage control from +5% to -5% of the rated voltage in steps of 2.5%. The tap changer is to be connected to the H.V. winding and shall be controlled by an off circuit tap selector switch.

(c) High voltage connection: 

Bushings for H.V. connections  with arcing horns and clamp connectors suitable for terminating stranded copper conductors up to 95 mm2 or ACSR up to 150 mm2.
(d) Low voltage connection: 

Flange side-mounted cable box (according to BS 2562 or equivalent) complete with mechanical glands and solder type cable shoes or sockets suitable for receiving 7 single core 630 mm2. Stranded Cu conductors PVC insulated non-armoured cables (2 per phase + 1 for the neutral). The connectors must be of anti-turn type. The base of gland plate shall be of non ferrous material.

Hold clamps for L.V single core cables.
Terminal configuration of HV & LV windings to be in accordance with BS 171 as follows: HV terminals A-B-C (left-right) HV side frontal view. LV terminals n-a-b-c (right-left) LV side frontal view.

(e) Skid type base.

(f) Detachable radiators with shut-off valves*.

(g) Liquid temperature indicator with maximum recording pointer.

(h) Thermometer pocket.

(i) Rating and diagram plates.

(j) Liquid filling and drain/sample valves with stop-cock.

(k) Tank earth terminal.

(l) Bushing for core earthing.

(m) Lifting fittings and jacking lugs.

(n) Valve with stop-cock at the top cover of transformer for filling.

(o) Filtering valves.

(p) Pressure relief device (for sealed type transformers).

**Alternative offers with corrugated tanks may be considered.
SCHEDULE 'I'- Continued
LIST OF EQUIPMENT
Item 4: 1000 kVA, 33/0.415 kV Outdoor Distribution Transformer
One outdoor sealed type ground mounted three phase 1000 kVA, 33/0.415 kV, 50 Hertz Mineral oil (Ergon– Hyvolt1 type or Nynas- Nytro Libra type) immersed transformer, ONAN cooling and windings connected Dyn 11, impedance voltage shall be 4.75% at the 33/0.415 kV ratio.

The transformer shall be in accordance with the requirements of IEC 60076 and be complete with the following equipment:

(a) The transformer shall be filled with Mineral oil (Ergon– Hyvolt1 type or Nynas- Nytro Libra type) complying with IEC 61099. The manufacturer shall provide documentary evidence of the fluids compliance with the IEC standard and any Health and Safety documentation related to its usage, handling and disposal.

The manufacturer shall confirm that all transformer components, gaskets, seals etc. that are in contact or are likely to be in contact with the insulating fluid are fully compatible and will not degrade in any form due to exposure of the insulating fluid.

(b) Tap changer to provide voltage control from +5% to -5% of the rated voltage in steps of 2.5%. The tap changer is to be connected to the H.V. winding and shall be controlled by an off circuit tap selector switch.

(c) High voltage connection: 

Bushings for H.V. connections  with arcing horns and clamp connectors suitable for terminating stranded copper conductors up to 95 mm2 or ACSR up to 150 mm2.
(d) Low voltage connection: 

Flange side-mounted cable box (according to BS 2562 or equivalent) complete with mechanical glands and solder type cable shoes or sockets suitable for receiving 7 single core 630 mm2. Stranded Cu conductors PVC insulated non-armoured cables (2 per phase + 1 for the neutral). The connectors must be of anti-turn type. The base of gland plate shall be of non ferrous material.

Hold clamps for L.V single core cables.
Terminal configuration of HV & LV windings to be in accordance with BS 171 as follows: HV terminals A-B-C (left-right) HV side frontal view. LV terminals n-a-b-c (right-left) LV side frontal view.

(e) Skid type base.

(f) Detachable radiators with shut-off valves*.

(g) Liquid temperature indicator with maximum recording pointer.

(h) Thermometer pocket.

(i) Rating and diagram plates.

(j) Liquid filling and drain/sample valves with stop-cock.

(k) Tank earth terminal.

(l) Bushing for core earthing.

(m) Lifting fittings and jacking lugs.

(n) Valve with stop-cock at the top cover of transformer for filling.

(o) Filtering valves.

(p) Pressure relief device (for sealed type transformers).

**Alternative offers with corrugated tanks may be considered.
SCHEDULE 'I'- Continued
LIST OF EQUIPMENT
Item 5: 1500 kVA, 33/0.415 kV Outdoor Distribution Transformer
One outdoor sealed type ground mounted three phase 1500 kVA, 33/0.415 kV, 50 Hertz Mineral oil (Ergon– Hyvolt1 type or Nynas- Nytro Libra type) immersed transformer, ONAN cooling and windings connected Dyn 11, impedance voltage shall be 5.5% at the 33/0.415 kV ratio.

The transformer shall be in accordance with the requirements of IEC 60076 and be complete with the following equipment:

(a) The transformer shall be filled with Mineral oil (Ergon– Hyvolt1 type or Nynas- Nytro Libra type) complying with IEC 61099. The manufacturer shall provide documentary evidence of the fluids compliance with the IEC standard and any Health and Safety documentation related to its usage, handling and disposal.

The manufacturer shall confirm that all transformer components, gaskets, seals etc. that are in contact or are likely to be in contact with the insulating fluid are fully compatible and will not degrade in any form due to exposure of the insulating fluid.

(b) Tap changer to provide voltage control from +5% to -5% of the rated voltage in steps of 2.5%. The tap changer is to be connected to the H.V. winding and shall be controlled by an off circuit tap selector switch.

(c) High voltage connection: 

Bushings for H.V. connections with arcing horns and clamp connectors suitable for terminating stranded copper conductors up to 95 mm2 or ACSR up to 150 mm2.
(d) Low voltage connection: 

Flange side-mounted cable box (according to BS 2562 or equivalent) complete with mechanical glands and anti-turn long neck cable shoes suitable for receiving 11 single core 630 mm2 Stranded Cu conductors PVC insulated non-armoured cables (3 per phase + 2 for the neutral). The base of gland plate shall be of non ferrous material.

Terminal configuration of HV & LV windings to be in accordance with BS 171 as follows: HV terminals A-B-C (left-right) HV side frontal view. LV terminals n-a-b-c (right-left) LV side frontal view.

(e) Skid type base suitable for mounting on ground.

(f) Prismatic type oil level indicator covered by metallic cap and provided with slots on all sides for oil level checking.
(g) Rating and diagram plates.

(h) Oil filling and drain/sample valves with stopcock.
(i) Corrugated type radiators.

(j) Tank earth terminal.

(k) Lifting fittings and jacking lugs.

(l) Oil temperature indicator with maximum recording pointer.

(m) Thermometer pocket.

(n) Filtering valves.

(o) Bushing for core earthing.

(p) Pressure relief valve.

(q) Inspection hole on the top cover of the Low voltage terminals side.
(r) Cable clamp/ support for holding low voltage cable. 
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**tended for service shall have 































































































Alternative offers with corrugated tanks may be considered.
SCHEDULE 'J1'

RECOMMENDED SPARES FOR TRANSFORMERS
Prices, quantities and descriptions of spare parts and maintenance equipment recommended by the Tenderer for the requirements of the Transformers stated in Schedule 'G' and 'G1' for a period of ten years, acceptance of which shall be at the option of the Employer.

	Description of Spares Recommended
	Quantity
	Unit Firm CPT Price
	Total Firm CPT

	…………………………………
	……………
	…………………..……….
	…………..………...

	…………………………………
	……………
	…………………..……….
	…………..………...

	…………………………………
	……………
	…………………..……….
	…………..………...

	…………………………………
	……………
	…………………..……….
	…………..………...

	…………………………………
	……………
	…………………..……….
	…………..………...

	…………………………………
	……………
	…………………..……….
	…………..………...

	…………………………………
	……………
	…………………..……….
	…………..………...

	…………………………………
	……………
	…………………..……….
	…………..………...

	…………………………………
	……………
	…………………..……….
	…………..………...

	…………………………………
	……………
	…………………..……….
	…………..………...

	…………………………………
	……………
	…………………..……….
	…………..………...

	…………………………………
	……………
	…………………..……….
	…………..………...

	…………………………………
	……………
	…………………..……….
	…………..………...

	…………………………………
	……………
	…………………..……….
	…………..………...

	…………………………………
	……………
	…………………..……….
	…………..………...

	…………………………………
	……………
	…………………..……….
	…………..………...

	GRAND TOTAL FIRM CPT CONTRACT PRICES OF SPARES*
	………………..


NOTE: To be included in Schedule 'H'.

SCHEDULE 'J2'

EXTRA PRICES FOR SHORT-CIRCUIT TEST ON ONE TRANSFORMER

IN ACCORDANCE WITH CLAUSE 5.4
	Item No.
	Rating
	Firm Extra Price

	3.
	630 kVA, 33/0.415 kV Three Phase Outdoor Ground Mounted Distribution Transformers, mineral oil immersed, ONAN
	……………………….

	4.
	1000 kVA, 33/0.415 kV Three Phase Outdoor Ground Mounted Distribution Transformers, mineral oil immersed, ONAN
	……………………….

	5.
	1500 kVA, 33/0.415 kV Three Phase Outdoor Ground Mounted Distribution Transformers, mineral oil immersed, ONAN
	……………………….


SCHEDULE 'J3'

TESTS

JEPCO reserves the right to repeat or carry out any kind of routine or type test to determine whether the materials and apparatus comply with the JEPCO's specifications at any location JEPCO chooses.
SCHEDULE 'K'

DEVIATIONS FROM SPECIFICATION
It will be assumed that the plant offered will conform to the Specification in all respects unless deviations are mentioned in this Schedule.

SCHEDULE 'L'

LIST OF SPECIAL TOOLS & EQUIPMENT REQUIRED FOR MAINTENANCE

PURPOSES

List of Special Tools and Equipment to be provided by the Contractor for maintenance purposes.

SCHEDULE 'M'

TRANSPORT FACILITIES
General

It shall be the responsibility of the Contractor to arrange for the shipment of all equipment from the country of origin to The Port of Entry in The Hashemite Kingdom of Jordan.

Seafreight

When equipment is shipped by sea it must be consigned to the Port of Aqaba.

Transfer of equipment from ship to shore is normally by mobile crane or ships derricks, otherwise by lighters which have a maximum capacity of 500 tonnes. Unloading from the lighter to the quay is limited to a maximum lift of 10 tonnes by means of a mobile crane.

Roll-on and roll-off facilities are also available for containerised goofs. Containerised goods may be consigned to Amman for customs clearance.

For special heavy loads a 'Z' craft is available in the Harbour onto which a heavy trailer can be manoeuvred from a special base constructed for this purpose.

Trailers with a loading capacity of up to 40 tonnes are available in Jordan and therefore the limit of weight which can be handled depends entirely on the capacity of the ships derricks.

Transport from the Port is normally by 340 km of rough road although there is a Railhead at Ma'an (100 kms North of Aqaba). 

The rail gauge is 1050 mm and the Rail Company possesses eighteen "flats" each with a maximum capacity of 15 tonnes.

Airfreight

When airfreight of equipment is authorised it must be consigned to Queen Alia International Airport.

Any goods to be shipped by air may be made by eligible airlines in accordance with Clause 3.11 of Contract Procedure. The Jordanian International Airport in Amman's Queen Alia International Airport (QAIA). The Royal Jordanian Airlines have direct services to this airport.
* 	Unless otherwise specified.
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