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1 GENERAL PROJECT INFORMATION
1.1 Description of Serbian Transmission System

The present Serbian High Voltage Transmission System consists of 400 kV, 220 kV and 110 kV transmission lines. The 400 kV transmission system was designed to form a ring in former Yugoslavia and part of the ring remaining in territory of Serbia is connected to the power systems in Montenegro and Croatia. Serbian Transmission System is also connected by 400 kV lines to power systems of Hungary, Romania, Bulgaria and Former Yugoslav Republic of Macedonia. Major power generation centres are connected to the smaller consumer areas by 220 kV transmission lines.

A three phase, 50 Hz system has effectively earthed neutrals at 400 kV, 220 kV and 110 kV voltage levels.

Most of the power is generated in thermal power plants. The largest thermal power plants are Nikola Tesla A and B (2662 MW), located near Obrenovac. Power generation facilities are more concentrated in central Serbia. The power system also comprises hydro plants and a reversible hydro power plant Bajina Bašta.

The 400 kV substations are outdoor type, with three phase power transformers located in an open area.

The 400 kV substations are connected by the overhead lines suspended on the steel lattice self-supporting towers.

The existing control system consists of the National Control Centre (NCC) and the Regional Control Centre (RCC) located in the substations. The NCC performs the control and supervision of the power generation and high voltage transmission system. Distribution system is controlled and supervised from the local RCCs.
Each substation is connected via separate RTUs and data communication networks to the corresponding control centre (NCC or RCC). Power line carrier (PLC), pilot cables and communication cables are used for data transmission. 

1.2 Description of Serbia Transmission System Extension

EMS has decided to improve Transmission System in the South Serbia connecting FYROM and Greece. Presently 400 kV transmission line is under construction and it is connecting Nis, Leskovac, Vranje Macedonian border. By installation of second Power Transformer 400/123 kV, 300 MVA in Leskovac 2 and construction of new 400/110 kV substation Vranje 4 electrical supplies to southern Serbia will be improved. This will result in a proportionate reduction in power-cuts and transmission losses and improvement in voltage quality, in particular, the reliability of supply to the municipalities of Vranje and Bujanovac. This project will complete connection of countries of West Balkan.

1.3 Scope of work

The Scope of Works shall cover design and supply of all equipment and materials; schematic and wiring diagrams for complete 400/110 kV substation; insurance; transportation; unloading; endorsement of test methodology and test results during testing and commissioning.

2 SITE CONDITIONS

2.1 General

2.1.1 State and Social Conditions

The Republic of Serbia is located in central part of Balkan Peninsula, on the main ground traffic corridors connecting Europe and Asia and covers the area of 88.361 km2. It is situated between 41(52’N and 46(11’N latitude and 18(06’E and 23(01’E longitude.

Population of Serbia amounts to near 10.500.000 citizens.

Capital of the Republic is Beograd (Belgrade) with almost two million citizens, which presents a centre of administration, economy and culture of Serbia. Other major cities are Novi Sad (179.626 citizens), Niš (175.391), Kragujevac (147.305).

2.2 Meteorological conditions

Meteorological conditions in Vranje area:

Geographical position:

Longitude:
21º 55 E

Latitude:
42º 33 N

Altitude over sea level:
432 m

Extreme climatic conditions:

Maximum temperature:
41.6º C

Date of maximum temperature:
24.07.2007

Minimum temperature:
-25.0ºC

Date of minimum temperature:
13.01.1985

Maximum rain fall:
73.88 mm 

Date of maximum rain fall:
18.09.1972

Maximum snow fall:
58 cm

Date of maximum snow fall:
11.01.1985
2.2.1 General

Serbia has a moderate continental climate with hot summers and cold winters.
The altitudes of planned locations do not exceed 1000 m above the sea level.

The Additional weight force due to the ice and snow build up will not exceed 5 kp/m2.

The meteorological data have been recorded by the stations in Serbia since 1887.

2.2.2 Air Temperature

During the year the average monthly temperatures vary from –1.7 (C in January to 24.6 (C in July. The daily temperature difference between average maximum and average minimum varies from 5 (C in the winter to 11 (C in the summer. 

Extreme ambient shade temperatures recorded in Serbia are:

Absolute maximum
40 (C
Absolute minimum
 -25 (C

2.2.3 Relative Humidity

The average relative humidity varies from 51% to 90%. During the winter the average relative humidity is higher than during the summer.

Absolute maximum of relative humidity in Serbia is 100%.

2.2.4 Wind

Serbia is affected by the prevailing east and south-east wind. Occasionally, these winds blow very strongly.
Maximum wind speed occurring at any temperature but without additional loading due to ice is 38 m/s.

2.2.5 Precipitation

Rainfall occurs during the entire year. The average monthly rainfall in Serbia varies from 40 to 90 mm. More rainfall occurs during the late spring and early summer than during the rest of the year.

2.2.6 Isoceraunic Level

The number of thunderstorm days in Serbia is up to 40 days per year.

2.3 Seismic Conditions

According to the modified Mercalli scale (MCS) the intensity is between 7 and 8 points.

All electromechanical equipment shall be designed to resist earthquake loadings resulting from accelerations specified in Seismic Institute report. 

2.4 Solar Radiation

The total heat received by a surface is 800 W/m2.

2.5 Transport and Communication

Shipment by sea freight shall be made to the designated port of destination.

Airfreight shall be made to the destination airport, as agreed with the Engineer/Beneficiary.
Shipments are to be made on a DDP basis according to Incoterms and explained in the commercial conditions.
The Contractor shall ensure that adequate handling equipment is available to unload the heaviest piece of equipment.
Prior to shipment, the Contractor shall furnish by air mail, telefax, telex or otherwise, as agreed, the shipping documents to the Engineer/Beneficiary. After reception of all necessary documentation Shipping Release Certificate will be issued by Engineer and equipment/material might be transported. Details will be fixed during the Kick-Off Meeting.
When actual transport has been completed, the Engineer/Beneficiary shall be so notified.
All cases and boxes shall be clearly and boldly marked and shall be sent to the Engineer/Beneficiary as per address details indicated in the project manual or otherwise agreed with the Engineer/Beneficiary.
In order to facilitate custom examination, all packages and transport documents shall regardless of other markings be clearly and indelibly marked.
After arrival of equipment and materials to the Temporary store on site or Beneficiary store, detailed checking of the goods will be completed. Any damage or missing item will be recorded. Contractor will be obliged to do necessary repairing/replacement of the damaged/missing material. 

Following acceptance of the material Delivery Certificate will be issued by Engineer/Beneficiary. 

2.6 Environmental Aspects

2.6.1 Air Pollution

Air is moderately polluted in industrial and major cities and partly along main traffic routes with industrial and traffic atmospheric waste. In regions outside of these areas air pollution is small. 

3 GENERAL REQUIREMENTS
3.1 System of Units

The Contract shall be conducted in the SI system of units (Système International d’Unités) in accordance with the provisions of ISO 31 and ISO 1000.

3.2 Standards

All material and equipment supplied and all work carried out as well as calculation sheets, drawings, quality and class of goods, methods of inspection, constructional peculiarities of equipment and parts and acceptances of partial plants, as far as these are beyond the special requirements of the Specifications, shall comply in every respect with the following standards and rules endorsed by the government of Republic of Serbia or applicable in Serbia. The following standards shall be applied in the priority as listed:

National standards of Republic of Serbia:
SRPS

Code of Practice of
EMS
Code of Practice of Electric Power Companies Association
EPS
German standards
VDE

In cases where the above Standards are not applicable the technical codes of the International Organization of Standardization (ISO), International Telecommunication Union (ITU) for telecommunication equipment shall be applied.

Goods and special guarantees beyond the scope of ISO and IEC shall conform at least to one of the following standards and codes:

American:
ANSI, ASME, ASTM, IEEE, NEMA

German:
VDE, VDI, DIN or equivalent in English language
British:

BS

Rules and regulations of Ministry of Energy of Serbia must be considered, e.g.

The work must be performed in accordance with the latest revision of standards, accident prevention regulations and legal regulations.
National standards, other than those listed above shall not be accepted.

The Contractor must clearly state his proposal concerning the use of standards and codes.

All the recommendations contained in the relevant applicable standard shall be considered as mandatory requirements. Specific requirements and special design features detailed in this specification over and above those clarified in the applicable standards shall be complied with.

3.3 Design, Standardization and Inter-changeability

The equipment shall be designed to operate satisfactorily under all variations of load, pressure and temperature that may be met in normal usage under the variation in climatic conditions given in the Specifications.

The design shall include all necessary interlocks for the operation and maintenance of the equipment in accordance with Beneficiary’s Terms of Reference, safety rules and system operation/maintenance practices.
Complete schematic and wiring diagrams are part of the works and will be designed and developed to satisfaction of Beneficiary. Schematic diagrams will be approved by Engineer/Beneficiary.
Kiosks, cubicles and similar enclosed compartments shall be equipped with anti-condensation heaters actuated by hygrostat and thermostat to restrict condensation. All contactors or relay coils and other parts shall be suitably protected against corrosion.

All apparatus shall be designed to obviate the risk of accidental short circuit due to animals, birds, insects, mites, rodents or micro-organisms.

Corresponding parts throughout shall be interchangeable.

All equipment performing similar duties shall be of the same type and manufacture in order to limit the stock of spare parts required and maintain uniformity of plant and equipment to be installed.

3.4 Materials and Workmanship

All materials shall be new and of the best quality suitable for working under

the conditions, variations in temperature and pressure encountered in service without undue distortion or deterioration or the setting up of undue stresses in any part, such as not to affect the efficiency and reliability of the plant.

All materials shall conform to the approved standards and the respective code number. If not, analysis data and full information concerning properties, chemical and mechanical treatment shall be submitted. 

Only materials which have been tried and tested in similar plants shall be used. Steel castings shall not have any casting defects which could compromise the function of the component and mar the appearance. The materials employed shall serve their purpose, according to the operation conditions. The Contractor shall be responsible for selecting, working, treating and quality assurance of the materials to suit the intended purpose.

Special attention shall be paid to the corrosion by galvanic effects. Design, selection of materials as well as methods of erection shall be such as to exclude these effects.
It is not permissible to use gray cast iron for components containing pressure, unless the Engineer/Beneficiary expressly agrees to this beforehand.
Asbestos or materials containing asbestos for seals, expansion joints, etc. shall not be employed.
Likewise it is not permissible to use mercury or oils containing Polychlorinated Biphenyl (PCB).
No welding, fitting or plugging of defective parts will be permitted without permission in writing of the Engineer/Beneficiary.

Materials used in the manufacture of the specified equipment shall be of first class quality and of the kind, composition, and physical properties best adapted to their various purposes in accordance with the best engineering practice. All equipment shall conform to the applicable standards as to material, workmanship, design, and tests.

Tolerances, fits, and finishes shall conform to the best modern shop practices in the manufacture of finished products of a nature similar to those covered by the Specification. All equipment shall be of rugged durable construction, designed for frequent operation.

The materials used for the construction of the equipment shall be selected carefully for the purpose intended and with due consideration of site conditions and climatic environment. Higher grade material shall be used in every case where ordinary material may be insufficient.

The Contractor shall indicate in the respective Technical Schedules the proposed materials and their applicable standards for all major items of the supply. Material specifications, including grade of class, shall be shown on the appropriate detail drawings submitted to the Engineer and Beneficiary for approval.

All work shall be performed and completed in a thorough workmanlike manner and shall follow the best modern practice in the manufacture of high grade equipment. All work shall be performed by workmen skilled in their respective trades.

The Contractor shall guarantee for the quality of all materials, paints, treatments as well for the efficiency. 
Immediately following the Award of the Contract the Contractor shall supply an indexed list in the English language, of all standards, codes and their referred associated standards, to which the work is to be performed.

3.5 Quality System

3.5.1 General

The quality system employed in the Project shall ensure that the design, development, production, installation, inspection and tests are carried out under controlled circumstances and predetermined conditions. The quality system shall include quality control (QC), quality assurance (QA) and quality program (QP).

The basic principles which the quality program shall be based upon are as follows:

a) Clear definition of requirements,

b) The clear communication of these requirements,

c) Adequate advance planning,

d) Utilization of efficient tools, methods and control systems,

e) The assignment of qualified personnel to the Project,

f) Independent review and inspection of results,

g) The keeping of adequate records to attest acceptability,

h) The audit of the overall system, feedback and corrective action.

The quality system shall be integrated into the entire organization and shall comply in every respect with the ISO standards Nos. 9000, 9001, 9002, 9003 and 9004. Every Contractor shall attach to the tender his and the Subcontractors and Manufacturers' manual, or certificate of compliance from recognized independent inspection authority or institution confirming the above mentioned requirements.

In addition the manual shall contain:

· Quality System Organization Chart showing the person responsible for establishing the quality policy and control system;

· Quality documents in which quality requirements and data are recorded;

· Control of inspection and measuring equipment (calibration);

· Quality control procedure.

The Contractor shall submit a preliminary proposal for the verification of their QA program, or independently verified QA program.

The Proposal should include dates, locations, equipment and tests to be carried out, organized in a schedule (Gantt chart) type of document.

3.5.2 Non-conformance Reporting

The Contractor's QA organization shall be responsible for generating Non-conformance Reports (NCR). A Non-conformance is a failure of any portion of any of the deliverables to meet the requirements of these Specifications or of any portion of any applicable QA procedure. This reporting procedure shall begin at the start of the manufacture and shall continue through the final acceptance of the works at Site.

The Contractor shall prepare, maintain and implement a procedure for Non-conformance reporting. The procedure shall be submitted to the Engineer/ Purchaser for review and approval as a part of the quality system plan. The procedure shall cover the following, as a minimum:

a) Methods to assure that Non-conformances are identified, documented, reported, and controlled.

b) Requirements for preparation and submittal of documentation for each Non-conformance. The documentation shall include the following, as a minimum:

· Identification of the non-conforming item and specific non-conforming characteristics.

· Identification of the design documents which provide the corresponding acceptance criteria involved with the Non-conformance.

· The Contractors recommended action plan and timetable for correcting the Non-conformance.

c) A requirement for submittal of a monthly Non-conformance Status Report showing the status of all open nonconforming conditions.

3.6 Tools

3.6.1 Special Equipment and Tools

Special tools have to be delivered by the Contractor as far as is necessary for erection, installation, overhaul and maintenance of each particular item of equipment to be supplied under this Contract. The Contractor is bound to deliver brand new special equipment and tools.

The Contractor will be bound to deliver to the Beneficiary the said special tools, in perfect condition. Before delivery of any or all of these tools into the Beneficiary’s stores they shall be presented for the Engineer´s/ Beneficiary inspection/approval.

All special tools shall be marked for identification of their use and shall be made available for the erection. The special tools shall therefore be shipped with the first consignment of material to be erected.
The list of special tools for the particular equipments should be defined in the Technical Specifications for the particular equipment and Budget Breakdown of tender Dossier

3.7 Recommended Spare Parts and materials for operation and maintenance
Beside the required materials for operation and maintenance, the Contractor shall list in detail the recommended spare parts, he considers necessary for safe and reliable operation and maintenance, together with their individual prices.

The list of “Recommended Spare Parts” shall be completed on the assumption, that the spare parts listed shall be sufficient for an operation period of ten (10) years, after commissioning, as well as essential replacement parts to cover the event of a breakdown which would affect the availability or safety of the plant. 

Any (spare) material, apparatus, parts and tools for operation and maintenance shall be subject to the same specification, tests and conditions as similar material supplied under this contract. They shall be strictly interchangeable and suitable for use in place of the corresponding parts supplied with the plant and must be suitably marked and numbered for identification and prepared for storage by greasing or painting to prevent deterioration. All (spare) apparatus or materials containing electrical insulation shall be properly packed and delivered in the cases suitable for long term storage. Such packing shall be subject to approval of the Engineer/Beneficiary. All short shelf-life material shall be supplied at the end of the Contract.

All recommended spares and materials for operation and maintenance shall be accompanied by three (3) copies of storage instruction each in English and Serbian language. One copy each of the instructions shall be available inside the package.

The recommended spares and materials for operation and maintenance are to be delivered to the storehouse of the Beneficiary with catalogues labels; brands and other signs for their identification, everything to the complete satisfaction of the Engineer/Beneficiary.

The Tenderer should guarantee that spares suitable for the equipment provided under this Contract, without any modification to the equipment, will be available for a period of twenty (20) years regardless of obsolescence of the equipment items themselves. 

The list of materials for operation and maintenance for equipment is defined in the Technical Data Schedule of tender Dossier.

3.8 Packing, Shipping, Transport and Lifting Devices

3.8.1 Packing

The Contractor shall prepare and pack all materials and equipment for shipment in such a manner that they are protected from damage during shipment, and shall be responsible for and make good any and all damage resulting from improper packing, whether this is done at his own works or those of any supplier.

All electrical parts and delicate mechanical parts subject to damage from moisture shall be packed in hermetically sealed metal containers, in plastic envelopes, or in other approved containers within their respective packing cases, containing silica-gel bags.

Spare parts shall be packed separately for long term storage and delivered to Beneficiary stores

All cases, packages, etc. shall have shipping marks and shall be clearly marked on the outside to indicate the net weight, gross weight and dimensions, the parts contained therein, contract number, port of destination, the position of the centre of gravity and the correct position of the slings and shall bear an identification mark relating them to the appropriate shipping documents. All these shall become the property of the Beneficiary after delivery.

Each crate or package shall contain a packing list in a waterproof envelope. All items of material shall be clearly marked for easy identification against the packing list.

If on delivery the packing is observed to have deteriorated in transit to the extent it cannot be used for storage purposes after inspection, than supplier will be responsible for its replacement or restoration.

3.8.2 Shipping and Transport

The Contractor shall be deemed responsible for the following:

· to load and transport the equipment and material from the place of manufacture whether, this is at his own works or this of any supplier, to indicated site in Serbia
· to off-load, clear and transport to site all equipment, 
· to obtain permission from relevant Serbian authorities to use docking, airport or Site unloading, highway and bridge facilities required for transport of his equipment;

· to provide insurance 
· to obtain and verify all information specified regarding transport limitations;

· to obtain and verify all information specified regarding adequate handling equipment for unloading the heaviest pieces of equipment;

· to bear all costs of repair or replacement of the equipment arising from damage during transport and unloading. Damaged primary insulation is to be replaced.

· to select proper routes to meet his needs and shall bear all extra costs resulting from the selection of such routes.

The Contractor shall immediately report to the Beneficiary any claims made against him arising out of alleged damage to a highway or a bridge. The contractor is responsible for the costs of any claims made concerning damage made to highways, bridges or any other structure.

3.8.3 Lifting Devices

The Contractor shall provide bolts with shackles with clearly marked SWL at conveniently selected spots on the equipment in order to facilitate the handling and lifting of supplied equipment.

Certificates for these shall be provided consistent with Serbian national safety rules.
Special lifting and handling equipment, to be supplied by the Contractor in accordance with the Technical Specifications, shall be shipped together with the component for which they are provided.

The Contractor shall make his own arrangements and enquires with regard to the loading, unloading and transport of all construction equipment and material required. He shall make all necessary investigations as to the heaviest loads that can be handled at ports or transported to the Site by road, in particular with regard to the weight-bearing capacity of all bridges and culverts, and he shall comply with all relevant regulations of the Government Department connected therewith.
3.9 Labels and Plates

Each apparatus shall be labeled indicating the purpose, service positions and shall have classification numbers identical to those which shall appear in all drawings, lists and documents to be prepared by the Contractor. Beneficiary’s standard numbering scheme shall be strictly adhered to.

Each such piece of equipment shall be provided with nameplates, indicating the name of manufacturer, type, serial number, year of manufacture, main characteristics and all further information that may be necessary for a precise identification of the equipment.

In addition, the Contractor shall supply all instruction and warning plates necessary for safe operation and personnel safety.

Labels and nameplates for plant and equipment identification and record purposes shall be made of stainless steel with a matt or satin finish to avoid dazzle from reflected light and engraved with black lettering of a size which is legible from the working level.

Warning plates shall be made of stainless steel with a matt or satin finish, engraved with red lettering and sited in a position which affords maximum personnel safety.

Colours shall be permanent and free from fading.

All equipment within panels and desks shall be individually identified by satin or matt finish stainless steel labels or laminated plastic labels where approved.

All labels, nameplates, instruction and warning plates shall be securely fixed to items of plant and equipment with stainless steel rivets, stainless steel self-tapping screws or other approved means. The use of adhesives will not be permitted.

Each phase of alternating current and each pole of direct current equipment and connections shall be coloured by environmentally resistant paint in an approved manner to distinguish phase or polarity.

A label on top of each board, on the front and also on the rear, if accessible, shall denominate its function. Further, labels next to each device mounted on the board shall identify such devices by means of a code number, a proper name.

Each single piece of equipment mounted inside the marshalling kiosk shall bear a clearly visible identifying tag with an item number. No loose tags are acceptable.

The cable terminals shall be labeled in an identical fashion and bear item numbers as well as an abbreviation of their destination. Plastic strips shall not be used.

The terminal blocks as well as all wires shall also be labeled with a code number and colour coded where applicable. IEC Standard shall be followed.

All inscriptions shall be in Serbian language, except in certain instances labels should be provided with both English and Serbian inscriptions, as required by the Beneficiary. Warning plates shall be in Serbian only.

Size content and lettering of labels and plates shall be in accordance with IEC and be subject to approval of the Engineer/Beneficiary.
3.10 Inspection and Tests

3.10.1 General

All materials and equipment used in the Contract are subject to inspection by the Engineer/Beneficiary. The representatives from the Engineer´s/Beneficiary’s side may witness the test inspections for all the equipment.
The contractor shall provide a program to the Engineer/Beneficiary at least four weeks before the shop test inspection will start, for the Engineer´s/Beneficiary’s endorsement. The contractor is responsible for arranging and providing all necessary visas and travel arrangements at his own expense.

The Contractor shall at his own cost and expense execute shop tests and supervise and endorse the field tests of all materials and equipment supplied by him or his Subcontractors required in the Technical Specifications, in accordance with the provisions thereof and that of the applicable standards. This shall not preclude the Engineer’s/Beneficiary’s right to call for further shop tests, if he considers them necessary at the Supplier’s expense.

Where the methods of tests are not specified in the standards or if there are options in the relevant standards, the Contractor shall submit to the Engineer/Beneficiary for approval the methods by which he proposes to conduct the shop tests at his own expense. The Contractor is responsible for advising when equipment and materials are available for inspection and tests.

All equipment and materials necessary for execution of the shop tests shall be furnished by the Contractor. Measuring apparatus and their calibration certificates shall be approved by the Engineer/Beneficiary.
The Contractor shall submit to the Engineer/Beneficiary for approval the test results showing conditions of shop tests performed.

In the event that shop test results not satisfy the requirements of the Technical Specifications or guaranteed performances, the Contractor shall improve the Equipment until satisfactory results are obtained and shall repeat the test at his own expense. The retests may be witnessed by the Engineer/Beneficiary.
In the event that the results of site test conducted by the Beneficiary and witnessed by Contractor’s representative, whether they occur during inspection or commissioning at final acceptance stage, are declared to be a failure, then the supplier will take whatever remedial actions are necessary before a retest is undertaken. 

Any delay in delivery due to the retest shall not constitute a release of the Contractor from his responsibilities for delay. Any expense incurred by the Engineer/Beneficiary in attending the retest shall be borne by the Contractor.

No inspection or lack of inspection by the Engineer/Beneficiary of work, plant or materials, whether carried out or supplied by the Contractor or Subcontractor, shall relieve the Contractor from his liability to complete the Contract in accordance with the Contract or exonerate him from any of his guarantees.

Procedures for those tests which are beyond the service conditions specified in the relevant standard(s) shall be as laid down by the Engineer/Beneficiary.
The Engineer/Beneficiary will undertake all inspections and tests at site or at stores as appropriate. After each of these the Engineer/Beneficiary will issue certificates.
3.10.2 Shop Tests

The shop test shall be divided into type tests, sample tests, routine tests and special tests.

The tests generally described in the Technical Specifications as type tests, shall be carried out on one item of apparatus, etc., of each type and rating. If evidence is available of successfully carried out type test on absolutely identical apparatus or apparatus which is for practical test purposes similar, in a recognized independent testing laboratory or independently witnessed, this may be accepted in lieu of these tests, if not otherwise specified in the Technical Specifications. The decision of the Engineer/Beneficiary shall be final in that respect. The type test documents must be submitted and evaluated in the Tender Documents. Type test certificate shall not be older than three (3) years for the electronic equipment and ten (10) years for the other equipment. If the Engineer/Beneficiary decides that the equipment for which a type test certificate is offered is not identical the equipment to be provided then the supplier will be instructed to undertake all type tests as specific tests at the supplier’s expense.

The tests generally described in the Specifications as routine tests, shall be made on each piece of equipment to be supplied.

The tests generally described in the Specifications as special tests, shall be made as required by the Specifications.

The shop assembled units shall be completely assembled, adjusted and tested at the shop. After assembly the complete units shall, as far as possible, be tested for operation under design conditions to assure the proper functioning of the equipment.
Acceptance test shall be conducted on each piece of equipment ready for delivery in Manufacturer's laboratory in a presence of two representatives of Engineer/Beneficiary, before delivery. All costs of: transport, accommodation, food as well as costs of tests, shall be borne by the Contractor.
3.10.3 Site Tests
On arrival at site, all items of equipment shall be inspected and tested to avoid late commissioning caused by the supply of faulty or damaged equipment. During erection joint inspections shall be made by the Beneficiary and the supplier’s representative.

After equipment have been erected and connected, the Beneficiary shall carry out such tests as may be required to prove compliance with the Specifications, independently of any tests carried out at the manufacturer’s works.
Should any one of the results of the site tests prescribed in the Technical Specifications fail to satisfy the requirements of the Specifications, or if the Equipment does not satisfy the guaranteed performance, the Beneficiary may at his own option refuse acceptance of the equipment and require the Equipment to be replaced. The Contractor, however, shall be entitled to request the performance of a retest, within a period of time designated by the Engineer/Beneficiary. In the event of retesting all cost of the retest shall be borne by the Contractor.

3.10.4 Test Reports and Programs

a) Shop Test Reports

The results of all tests shall be recorded in test reports containing the data necessary to prove compliance with the Technical Specifications and with this General Technical Requirements. The results of all tests shall be recorded in an approved format. Test certificates shall show the actual results and conditions of tests performed, the test circuits, oscillograms, etc.

All test certificates and reports shall be submitted to the Engineer/Beneficiary in six (6) copies.

b) Shop Test Program

The definite test program will be set out by the Contractor and approved by the Engineer/Beneficiary, which shall be provided at least four weeks before testing commencement.

c) Site Tests

The Engineer /Beneficiary will undertake the inspection commissioning and final acceptance tests. The Beneficiary will present to Contractor the test methodology and test results for his endorsement, if not otherwise stated in Technical Specifications. Tests to be performed during Commissioning are indicated in the Technical Specifications.
3.11 Training

3.11.1 Training at Contractor’s Factory

During manufacture and factory testing the Contractor shall instruct the Beneficiary’s personnel at his factory according to the program submitted at least four weeks in advance of the training commencement and accepted by the Beneficiary.

The Contractor will accept Beneficiary’s personnel for training in his factory and other premises with a program prepared ahead of time.

A total number of man/days that shall be envisaged for training of the Beneficiary’s personnel at Contractor's factory are given at the relevant schedule. Contractor will bear the cost of training and accommodation of the trained beneficiary s personnel.

3.11.2 Training at Site

From commencement of erection until the taking over of the Work, the Contractor shall instruct those employees designated by the Beneficiary, who will subsequently be responsible for operation and maintenance of the equipment.

An effective training program shall be presented to ensure that, by the time any section of works is taken over, the Beneficiary’s personnel has been trained to operate the equipment and carry out maintenance of the works efficiently and safely.

The training program shall be carried out during erection, commissioning and defect liability period, as follows:

a) During Erection

· Training of the Beneficiary’s personnel for the erection, dismantling and adjustment of the equipment to be carried out during maintenance of the Plant.

b) During Commissioning

· Training of the Beneficiary’s personnel to operate the equipment.

c) During Warranty period
· Training of the Beneficiary’s personnel how to carry out maintenance of the plant with all necessary checking, adjustment and the use of testing results for the same.

Training and Instruction shall be given in Serbian.

The contractor shall present within four weeks of contract signature his proposed program for all training activities. The actual dates of the various elements shall be mutually agreed.
3.12 Commercial Warranty

The Contractor warrants that the Goods supplied under the Contract are new, unused, of the most recent or current models and incorporate all recent improvements in design and materials unless provided otherwise in the Contract. The Contractor further warrants that all Goods supplied under this Contract shall have no defect, arising from design, materials or workmanship (except insofar as the design and/or material is required by the Purchaser's specifications) or from any act or omission of the Contractor, that may develop under normal use of the supplied Goods in the conditions obtaining in the country of final destination. 

This warranty shall remain valid for 6 years after the Goods, or any portion thereof as the case may be, have been delivered and accepted at the final destination starting with the date of Delivery Certificate issuance, or for 5 years after the issuance of the Provisional Acceptance Certificate, whichever period concludes earlier. 

The Beneficiary shall promptly notify the Contractor in writing of any claims arising under this warranty. 

Upon receipt of such notice, the Contractor shall, with all reasonable speed, repair or replace the defective Goods or parts thereof, without costs to the Beneficiary.

3.13 Documentation

3.13.1 Required Documentation

3.13.1.1 General

The following clauses specify the information, documents required from the Contractor during the period of Contract.

The Contractor shall submit to the Beneficiary the documentation as may be required herein or as requested by Engineer/Beneficiary.
All information, documentation, calculations, drawings, schedules etc., shall be submitted within such periods or at such dates which are required to guarantee a smooth management of the project without any delays. The Contractor is responsible for submitting all documentation in accordance with a program to be prepared by him allowing all participants sufficient time to check, comment and eventually approve the documents.

The quality of the submitted documents must be in accordance with acceptable international practice and allow a speedy checking procedure. All documents shall be submitted in printed and electronic form (DVD, CD etc.). Documents not fulfilling these requirements will be returned to the Contractor with comments for improvement and resubmission. It is solely at the discretion of the Engineer/Beneficiary to decide whether or not documents are acceptable.

All detailed drawings submitted for approval shall be to the scale. All important dimensions, material shall be indicated in the drawings. Drawings shall not exceed A0 standard size.

All dimensions marked in SI units on the drawings shall be considered correct although measurement by scale may differ therein. Detailed drawings shall be referent where they differ from general arrangement drawings.

All drawings shall be black lines on a white background with all revisions clearly marked.

Before the submittal of the first drawings or documents the Contractor is required to submit a complete Documentation Plan, i.e. a detailed list of all individual documentation submittals that are to be produced under the contract.

3.13.1.2 Mistakes in Drawings and Information

The Contractor shall be responsible for any discrepancies errors or omissions in the drawings and other particulars supplied by him, whether such drawings and particulars have been approved by the Engineer/Beneficiary or not. The Contractor shall be responsible for checking and verifying all drawings and information supplied in writing by the Engineer/Beneficiary and for assessing the details of special work specified by either of them.
3.13.1.3 Specification Drawings and the Tenderers Response

a) Specification Drawings

The drawings issued by the Engineer/Beneficiary with the specification and forming part of the documents for tendering purposes are intended to be descriptive of the character of the works and used in conjunction with the requirements of the specification and shall in no way limit the responsibility of the Contractor to supply all equipment, materials, services and designs necessary to complete intended project. Any omission from both drawings and the specifications or express reference to any detail or work necessary and obviously intended, shall not relieve the Contractor of his responsibility to include such detail or work in his supply.

After the tender has been submitted the tenderer is deemed to have checked all these documents and drawings and they are without any restriction accepted by him. No claim resulting out of omissions or discrepancies in this respect will be accepted.
b) Tenderer Response

The tenderer shall submit together with his tender drawings, diagrams graphs, curves and all such information which is necessary to fully understand the tender from technical, financial and administrative point of view.

3.13.1.4 Outline Drawings

The Contractor shall submit to the Engineer/Beneficiary for review and approval:

· Outline drawings of the equipment to be furnished under this Contract together with estimated weights, anchoring details, and sufficient overall dimensions, to facilitate preparation of final designs of the structures into which the equipment is to be incorporated.
3.13.1.5 Schematic and Wiring Diagrams

The Contractor shall prepare and submit to the Engineer/Beneficiary for approval:

· Complete full-line schematic, wiring diagrams and connection diagrams covering all equipment furnished. The drawings shall show the external connections of all equipment and control and relay panels and also internal connection diagrams for all instruments, relays, and other devices. The diagrams shall show all device identifications, terminal numbers, wire numbers, and color coding. Four copies for evaluation and comments will be submitted to Engineer/Beneficiary. One copy with comments will be returned to the Contractor for his information and action.

3.13.1.6 Detail Drawings

Before proceeding with manufacture of the equipment the Contractor shall submit to the Engineer/Beneficiary for approval:

· General assembly drawings, sufficient sub-assembly drawings, and details to demonstrate fully that all parts will conform to the provision and intent of the Contract Documents and the requirements of their installation, operation and maintenance. These drawings shall show all necessary dimensions and sub assemblies in which the Contractor proposes to ship the equipment, schematic and connection wiring diagrams; and the terminal boxes and wire sizes for electrical circuits.

3.13.1.7 Calculations/Design Criteria

Likewise in addition to the drawings or whenever the contractual documents may so require, the Contractor shall submit to the Engineer/Beneficiary for checking and approval:

· The appropriate calculations for determining the main sizes, dimensions and operational characteristics, clearly indicating the principles on which calculations were based.

3.13.1.8 Erection and Commissioning Instructions

The Contractor shall submit to the Engineer/Beneficiary for approval:

· All information necessary to permit a satisfactory erection, assembly and commissioning of the equipment. Detailed instructions for the erection of the equipment shall be submitted together with reduced-size copies of applicable drawings showing the erection sequence.

· The instructions and drawings shall include information on handling and slinging the major pieces of equipment, erection, tolerances, and special precautions to be taken in installation.
3.13.1.9 Operation and Maintenance Instruction Manuals

Four weeks before the first equipment delivery the Contractor shall forward to the Engineer/Beneficiary for his approval copy of Operation and Maintenance Instruction Manuals.

After checking and approval by the Engineer/Beneficiary, the Contractor has to provide two (2) copies of the Operation and Maintenance Instruction Manuals.
The Instruction manual's contents shall conform to the table of contents and be as complete and specific as possible. Documentation shall be specific to the materials and equipment supplied under the Contract. Nomenclature or reference to any one item shall be consistent throughout the manual.

Use shall be made of drawings, diagrams, pictures or actual photographs when they add to the understanding and clarify the text.

All materials shall be free from stamps commonly used for identification of customer, order number, etc.

Precautions and warnings relative to the safety of life and equipment shall be included.

The operation and maintenance manuals and instructions shall be provided in plastic folders for each page/leaf.

The instructions for operation shall be accurate and easy to understand and shall contain the sequence of individual manipulations required for operation. The information shall be prepared in such a manner that the contents can be also used for instructing untrained personnel in the operation of the control system and its components.

Tables, lists and graphic representations should be used as far as possible to make the description more readily understandable.

The maintenance manuals shall contain a complete and accurate description of the equipment, its assembly and dismantling as well as of all components and a copy of the relevant test reports. An accurate list stating clearances, tolerances, temperatures, fits etc., is required.

The first page of each instruction manual section shall be a title page.

One section shall be concerned with regular and preventive maintenance and shall indicate the inspections required at regular intervals, the inspection procedure, the routine for equipment calibration and adjustment, the regular safety checks and similar steps.

All O&M Manuals shall be provided in electronic format with appropriate searching tools. Manuals will be provided in English and Serbian language.
3.13.1.10 As-Built Documentation

For the purpose of making the As-built documentation, editable copy of all drawings are required in Auto Cad 2008.

3.13.2 Approval Procedure

Two (2) copies of all finally approved drawings/documentation shall be supplied by the Contractor as paper prints and in electronic form. These drawings shall have the revision column marked "Approved for Construction" by the letter No.... dated ....., with the drawing revision number, correctly modified.

3.13.2.1 Review and Approval of Documents

The Contractor shall ensure that all documentation for approval is forwarded to the Engineer/Beneficiary on time for examination and comments. The Contractor shall also ensure that all documentation is re‑submitted for approval after they have been commented and returned for improvement.

Drawings marked "Approved" and "Approved Subject to Modification" authorize the Contractor to proceed with construction or fabrication of equipment covered by such drawings with corrections, if any, indicated thereon. Approved drawings must be available before any equipment is workshop tested or before any erection/construction work has started at Site.

The Contractor shall be responsible for any discrepancies or errors or any omissions from the drawings, except as provided for in the Conditions of Contract whether such drawings have been approved or not by the Engineer/Beneficiary and no approval given by the Engineer/Beneficiary to any drawing or sample shall relieve the Contractor from his liability to complete the Contract Works in accordance with this Specification and contractual obligations or exonerate him from any of his guarantees. 

Drawings, samples and models already submitted by the Contractor and approved by the Engineer/Beneficiary shall not be departed from without the instruction in writing of the Engineer/Beneficiary.

The Contractor shall also provide free of charge any additional drawings and/or copies of any drawing required by the Engineer/Beneficiary.
Should an error be found in a Contractor's drawing during the erection works or installation of equipment, the correction, including any design changes found necessary, shall be noted on the drawing and it shall be resubmitted by Contractor’s site representative for approval and recorded according to Quality Control procedures.
3.13.3 Planning and progress report

3.13.3.1 Planning
The Contractor shall submit for review within 4 weeks of the Contract Effective Date an outline chart for design, manufacture and delivery of plant and materials to be supplied. Within a further period of 4 weeks the Contractor shall provide a detailed programme which shall also include details of material procurement, manufacture, factory testing, transportation and drawing submissions.

3.13.3.2 Monthly Progress Report

At monthly intervals latest on the 5th day of the following month during the contract, the Contractor shall submit four (4) copies of the detailed progress reports.

The reports shall show clearly and accurately the position of all activities associated with design, material procurement, manufacture, shop tests, shipping, with regard to the agreed contract Program.

The design aspect of the progress report shall include a comprehensive statement on drawings, calculations, proposals and schemes submitted for approval up-dated in the above mentioned intervals. The up-dated drawing list will be included to show the latest situation with submitted drawings and approvals.

The position on material procurement shall give the date and details of orders placed and indicate the delivery quoted by the manufacturer. If any delivery date has an adverse effect on the Contract Program, the Contractor shall state the remedial action taken to ensure that delays do not occur.

The position on manufacture shall indicate the arrival of material, the progress of manufacture and date at which the equipment will be ready for transport. The information recorded shall also indicate all special occurrences (such as accidents, defects, etc.), which will affect the date of completion in the manufacturer's works.

The commencement of testing and inspection, its duration details of any matters occurring during that period and the remedial action taken, the completion dates etc. shall be noted and segregated for each group of the works.

All works tests executed shall be listed as well as the brief remarks on the test-results. Special indication shall be given to equipment not having fulfilled the test-requirements. The workshop tests intended for the following month shall be remarked.

The shipping of each order to part order shall be monitored on the progress report giving the date by which the equipment will be available for shipping, the estimated time of arrival on Site and the actual arrival dates.

The site assembly portion of the progress report shall be segregated into the main and ancillary items of, mechanical and electrical work and each item of work shall be monitored giving the percentage completion and the projected completion date of the work in accordance with the agreed contract Program.

3.13.3.3 Project Meetings and Minutes

Project meetings shall be held to review project status, to ensure fulfillment and correct interpretation of the Specification, to review design and to maintain general coordination between the Engineer/Beneficiary’s and the Contractor's project personnel.

There shall be two types of meetings: Project Progress Review meetings and Technical Discussion meetings. Project Progress Review meetings shall be held at regular monthly basis. In addition to the Project Progress Review meetings, Technical Discussion meeting shall be held on an as-needed basis between the Engineer/Beneficiary and the Contractor. These meetings may be called by either party. A proposed agenda, mutually agreeable to the Contractor and the Engineer/Beneficiary, shall be prepared and exchanged in advance. The agenda shall serve to suggest which project members should be present at each meeting.

The meetings will be held at either the Beneficiary location or the Contractor's premises, with approximately half being in each location. The Contractor shall prepare an agenda prior to each meeting for review and approval by the Engineer/Beneficiary.

The Contractor shall keep minutes of each meeting and shall submit copies of these minutes within five working days after the meeting. Any disagreements about the minutes of a meeting shall be resolved prior to or at the subsequent meeting. Resolutions of the previous meeting shall be written in the subsequent meeting minutes and shall become the official minutes for the given meeting.
4 TECHNICAL PARTICULARS AND BASIC DESIGN CRITERIA

4.1 General

According to site investigations, the general conditions for technical constructions and civil works are as follows:

Altitude
Less than 1000 m above sea level

Distance from sea
Min. circa. 600 km

Wind speed
Max. circa. 140 km/h

Pollution level (see IEC 60815, Table I)
Medium

Creepage distance phase To phase (see IEC 60815)
20 mm/kV
(based on the highest phase to phase system voltage)

Isokeraunic level
up to 40 thunderstorm days per year

Lighting current (peak) (for protective earthing)
80 kA

Earthquake factor
Intensity between 7 and 8 of M.M. Scale

(Modified Mercalli Scale)

Design absolute maximum temperature
40(C

4.2 400 kV System

The basic technical values have been determined in accordance with the recommendations of IEC 60038, IEC 60071-1, IEC 60071-2 and other relevant IEC publications.

Nominal system voltage
Un = 400 kV

(r.m.s value, phase to phase voltage)

Highest value of system operating voltage
Um = 420 kV

(r.m.s phase to phase voltage)

Standard rated frequency
50 cycles

Rated short circuit breaking capacity
40 kA rms, 1 second,
with fixed maintenance earthing services rated for 3 seconds

System configuration
3 phase, effectively earthed

Coefficient of earthing
0,8

Standard insulation level for equipment (B.I.L.)


rated lighting impulse withstand voltage (peak)
1425 kV


standard switching impulse withstand voltage (peak)
1050 kV


rated power frequency short duration withstand voltage (r.m.s.)
520 kV

Insulation coordination
According to IEC 60071-1 and IEC 60071-2

4.3 110 kV System

The basic technical values have been determined in accordance with the recommendations of IEC 60038, IEC 60071-1, IEC 60071-2 and other relevant IEC publications.

Nominal system voltage
Un = 110 kV
(r.m.s value, phase to phase voltage)

Highest value of system operating voltage
Um = 123 kV

(r.m.s phase to phase voltage)

Standard rated frequency
50 cycles

Rated short circuit breaking capacity
40 kA rms, 1 second,
with fixed maintenance earthing services rated for 3 seconds

System configuration
3 phase, effectively earthed

Coefficient of earthing
0,8

Standard insulation level for equipment (B.I.L.)


rated lighting impulse withstand voltage (peak)
550 kV


power frequency short duration withstand voltage (r.m.s.)
230 kV

Insulation coordination
According to IEC 60071-1 and IEC 60071-2

4.4 35 kV System

The basic technical values have been determined in accordance with the recommendations of IEC 60038, IEC 60071-1, IEC 60071-2 and other relevant IEC publications.

Nominal system voltage
Un = 35 kV

(r.m.s value, phase to phase voltage)

Highest value of system operating voltage
Um = 36 kV

(r.m.s phase to phase voltage)

Standard rated frequency
50 cycles

Rated short circuit breaking capacity
12.5 kA rms, 1 second,
with fixed maintenance earthing services rated for 3 seconds

System configuration
3 phase, earthed through neutral earthing resistor

Standard insulation level for equipment (B.I.L.)


rated lighting impulse withstand voltage (peak)
170 kV

power frequency short duration withstand voltage (r.m.s.)
70 kV

Insulation coordination
According to IEC 60071-1 and IEC 60071-2

4.5 Low Voltage a.c. and d.c.

The following basic technical values have been determined in accordance with the existing installations:

4.5.1 Low Voltage a.c.

Nominal System Voltage
400/230 V

Voltage variation max.
+ 10% -15%

System configuration
3 phase, 4 wire

Test voltage
2.5 kV (1 min.)

4.5.2 Low Voltage d.c.

d.c. voltage for control system relays

Nominal System Voltage
220V ( 10%

Capacity corresponding to a discharge time of
10 h

Test voltage
2 kV (1 min.)

Min. insulation resistance
220 kΩ

d.c. voltage for telecommunication
Nominal System Voltage
48 V

Capacity corresponding to a discharge time of
10 h

Test voltage
1 kV (1 min.)

Min. insulation resistance
48 kΩ

4.6 Control and Protection System

Nominal measuring voltage
100 V a.c., 220 V a.c.

Nominal measuring current
1 A

Auxiliary voltage
220 V d.c.

5 ELECTRICAL REQUIREMENTS

5.1 Ambient Temperature

All electrical equipment and instruments for indoor installation shall be designed for continuous operation at ambient temperature of 40ºC.

These temperatures are normally as measured in the shade. Suppliers shall be aware that the surface of the equipment exposed in direct sun light will achieve higher temperatures and their designs should be made in accordance.

Moreover, temperatures directly under the sun shall be considered by additional temperature gain.

Apparatus and material in enclosed metal unit cubicles and switchboards shall be designed for operating temperatures in excess of the maximum internal temperature attained inside the enclosure during continuous full rating operation.

5.2 Motors

All motors shall comply with IEC 60034 and dimensions with IEC 60072. They shall be capable of operating continuously under actual service conditions without exceeding the specified temperature increases, determined by resistance, at any frequency between 48 and 51 Hz together with any voltage between + 10 % and - 15 % of the nominal value.

All motors shall be totally enclosed, and if situated in the open they shall be weatherproof and suitable for outdoor operation.

Motors shall have insulation to Class F standards for ambient temperature of 40ºC. The temperature rise shall be restricted to that associated with Class B insulation. Where the motor may be appreciably affected by conducted heat the class of insulation shall be subject to approval of the Project Manager.

All motors shall be suitable for direct starting at full voltage.

Motors shall have sealed ball or roller bearings.

The three line connections of a.c. motors shall be brought out to a terminal box. (Natural rubber insulation shall not be used). The terminal arrangement shall be suitable for receiving copper cable. Terminal markings shall be made in a clear and permanent manner and shall comply with IEC 60034. A diagram or instruction sheet shall be permanently attached giving the connections for the required direction of rotation. All terminal boxes shall be of the totally enclosed type designed to prevent penetration of dust and moisture and sealed from the internal air circuit of the motor. All joints shall be flanged with gaskets of neoprene or other approved material. 

Where single phase motors are employed the motors shall be grouped so as to form, approximately, a balanced three phase load.

5.3 Motor Control Gear

Control gear shall comply with the requirements of IEC 60947-4-1, the control gear being rated according to the duty imposed by the particular application.

Motor contactors shall comply with IEC 61095 class of intermittent duty 0-3 with type IP 54 enclosure protection and a utilization category AC4. They and their associated apparatus shall be capable of switching the stalled current and shall have a continuous current rating of at least 50 per cent greater than the full load current of the motors they control.

The operating currents of overload trips fitted to motor contractors shall be substantially independent of ambient temperature conditions, including the effect of direct sunlight on the enclosure in which the contactors are installed.

Where small motors are connected in groups, the group protection shall be arranged so as to operate satisfactorily in the event of a fault occurring in a single motor. The control and protection equipment shall be accommodated in the control cabinet or marshalling kiosk.

Each motor or group of motors shall be provided with a control gear for starting and stopping both manually and automatically. Short circuit, overload and single-phasing protection shall be provided.

5.4 Bushings

All bushings shall comply with the requirements of IEC 60137 and the associated barrel porcelains shall comply with IEC 60233 together with the requirements of this Specification. Arcing horns shall be provided where required.

Terminal clamps shall be supplied with each bushing for flexible or rigid bus bars as required. The material of the clamps shall be as stated in the Schedules.

Where porcelain is used as an insulator in outdoor locations, such insulators shall be of the smooth profile (i.e., without skirts) design.

5.5 Cable Boxes

All cable boxes shall be suitable for cables entering from below. Cable boxes shall be dust, weather, rodent and insect proof, conforming to IP 65 of IEC 60529.

They shall be fitted with disconnecting links to permit cable testing and shall have bolted inspection covers for each compartment to facilitate maintenance.

Gland plates shall be insulated from the cable boxes and shall be of non-magnetic or insulating material. If metallic gland plates are used, single core cable glands shall be insulated from the gland plate. 

5.6 Cubicle Wiring

Cubicle connections shall be insulated with PVC to IEC 60227. Wires shall not be jointed or tied between terminal points. Bus wires shall be fully insulated and run separately from one another along the top or bottom of the cubicle. Fuses and links or miniature circuit breakers (MCBs) shall be provided to enable all circuits in a cubicle, except a lighting circuit, to be isolated from the bus wires.

The d.c. trip and a.c. voltage supplies and wiring to the main protective gear shall be segregated from those for back-up protection and also from protective apparatus for special purposes. Control and alarm supplier shall be segregated as well. Each such group shall be fed through separate MCBs from the bus wires. There shall not be more than one set of supplies to the apparatus comprising each group. All wires associated with the tripping circuits shall be provided with red ferrules marked "Trip" in white. Employer's practice of wiring numbering should be adopted throughout.

It shall be possible to work on small wiring for maintenance or test purposes without making a switchboard dead.

Insulated stranded wire shall have not less than seven strands and each strand shall be not less than 0.67 mm diameter. If single conductor is used it shall be annealed copper of circular cross sectional area of not less than 2.5 mm2. Stranded wires shall be tinned at terminal connections.

When connections rated at 400 volt and above are taken through junction boxes they shall be adequately screened and “Danger in Serbian language” notices shall be affixed to the outside of junction boxes or the marshalling kiosk.

Where connections to other equipment and supervisory equipment are required the connections shall be grouped together.

5.7 Terminal Boards and Terminal Blocks

Terminal boards shall be of good quality nonflammable insulating material, with a comparative tracking index (CTI) of not less than 500, to IEC 60112.

Terminal boards shall be spaced not less than 100 mm apart. For relay panels, they shall be mounted at the sides of the cubicle, and set obliquely towards the front to give easy access for terminations and to enable ferrule numbers to be read without difficulty.

Studs of stud type terminal boards shall be locked in the base to prevent turning and all connections shall be made on the front of the terminal board using lock nuts or lock washers. Where crimped type terminations are provided at least two sets of crimping tools must be supplied for each installation.

Terminals shall be of insertion clamp type incorporating captive pressure screws which do not bear directly on the wire but on a serrated clamping plate. The pressure screws shall have an inherent locking feature.

Where connections are to be made between the multicore cables supplied and telephone type multicore cables, the terminal boards shall comprise a stud or clamp type terminal for the multicore cable joined by a withdrawable insulated link. These terminals shall also be provided with facilities for the insertion of test probes on both sides of the link.

Terminal boards for mounting inside cubicles shall not be less than 100 mm apart and shall be mounted at least 225 mm clear of cubicle floor. Where plastic cable channels are used a minimum space of 50 mm shall be left between channel and terminal boards.

Terminations shall be grouped according to function and labels shall be provided on the fixed portion of the terminal boards showing the function of the group. Terminals for connections which exceed 100 V shall be separated from those of other circuits and shall be fitted with insulating covers.

The use of terminal boards as junction points for wires which are not required in the associated cubicle shall be avoided wherever practicable.

Each Terminal Block shall have a minimum of 10 percent spare terminals.

5.8 Miniature or Molded Case Circuit Breakers

Miniature or molded case circuit breakers shall be designed and tested in accordance with IEC 60947-2 and supplementary requirements of this specification. They shall be suitable for use over the full range of expected voltage variation as specified in the Schedules.

They shall be suitably rated for both the continuous and short circuit loadings of the circuits they are protecting under all service and atmospheric conditions stated in the specification and ensure that correct discrimination is maintained between main and sub-circuits.

For three phase circuits, the miniature circuit breakers shall be of the three pole type; for single phase circuits they shall be of the single pole type and for d.c. circuits they shall be of the double pole type.

Where miniature circuit breakers are used in circuits containing inductive loads, e.g., operating coils, it is essential that they are suitable for satisfactory operation in the circuit in which they are used, i.e. account is taken of the circuit time constant.

All miniature circuit breakers shall be provided with auxiliary contact(s) for remote indication of circuit breaker operation.

Means shall be provided to prevent the miniature circuit breakers being inadvertently switched to the 'OFF' position.

Miniature circuit breakers shall be mounted in such a manner so as to give easily visible indication of breaker position and shall be grouped and spaced according to their function in order to facilitate identification and easy replacement.
5.9 Marshalling Kiosks and Junction Boxes

The Contractor shall provide on the site adjacent to each circuit breaker and transformer as appropriate a marshalling kiosk to which all outgoing connections from the associated main equipment will be run and in the case of a transformer marshalling kiosk, for housing ancillary apparatus.

All outdoor boxes and kiosks shall be of sheet steel construction; hot dip galvanized in accordance with Clause ¡Error! No se encuentra el origen de la referencia. of this Specification, protection Class IP 54 of IEC 60529 and shall be insect and rodent proof.

Heaters shall be controlled by suitable hydrostats and thermostats. They shall be suitable for operation with a 230 V 50 Hz supply.

All cables shall enter boxes and kiosks from the bottom.

Each compartment of all kiosks and junction boxes shall be provided with access doors at the front and rear. Doors and access covers shall not be secured by nuts and bolts but shall be fastened with integral handles with provision for locking. Door actuated lighting should be provided inside the kiosk/junction boxes.

Kiosks doors shall be of the lift off and hinged type and shall be provided with laminated glass windows of adequate size to facilitate reading of indicators from outside the kiosk. Facilities shall be provided to allow removal of the temperature indicators without the need to pass the capillary tubing and bulb through the various compartments.

Doors and covers under 15 kg mass may be of the slide on pattern, for indoor installation, but above this mass hinged doors shall be used.

If three phase connections are taken through a box or kiosk they shall be adequately screened or insulated and suitably marked with the phase colour code; a danger notice stating the voltage shall be fixed on the inside and outside of the kiosk or box.

A durable copy of the circuit wiring diagram shall be affixed to the back of the kiosk door and labels shall be provided inside each kiosk or box to describe the functions of various items of equipment.

5.10 Degrees of Protection

In accordance with IEC 60529 IP 54 and IP 41 shall be applied for outdoor and indoor conditions respectively if not specified otherwise.

5.11 Multicore and Control Cables

Cables for power supplies at voltages up to 600/1000 V and for all 100 V a.c. and d.c. protection, control, alarm and indication shall have copper conductors with PVC insulation, extruded PVC beddings, galvanized steel wire armoring and PVC over sheath.

All cables installed in concrete troughs within a substation shall have anti-termite protection applied to the outer covering in the form of a chemical additive such as Gamma BHC anti-termite poison or similar. The chemical used, percentage strength and changes in electrical and mechanical properties of the outer covering shall be stated in the Schedules.

The conductors shall be of plain annealed copper wire complying with IEC 60228 as applicable or equivalent and all cores shall be clearly identified by printed numbers at regular intervals.

The minimum conductor size shall be not less than seven strands of 0.67 mm diameter wire, or in the case of single wire conductors the minimum cross-sectional area shall be not less than 2.5 mm2. In special cases for light current installations single strand annealed copper conductors with a cross-section of 1.5 mm2 may be used. All sheaths shall be free from defects and impervious to water.

Multicore and control cables shall be terminated in accordance with the manufacturers recommendations and the cable cores shall be long enough to be terminated without the addition of separate tails.

Multicore cables of 7 cores and above shall have a minimum of ten percent (10%) spare capacity. These cores shall be terminated on terminals furthest from the gland plate.

The Contractor shall provide fully detailed wiring diagrams covering all parts of the plant. Detail diagrams shall be cross referenced and shall show multicore cable schedule reference numbers to facilitate cable identification. Cable schedules listing all cables and their points of termination including details of cable, number of cores, core reference, core size, number of cores in use and cable length, etc. shall be provided for.

The Contractor shall submit full details of all loadings on cables and in the case of interposing current transformer connections, the loop resistance of each circuit.

The d.c. trip and a.c. voltage circuits shall be segregated from each other and the circuits to the main protective gear shall be segregated from those for back-up protection.

The screens of screened pairs of multicore cables shall be earthed at one end of the cable only. The position of the earthing connections shall be shown clearly on the diagram.

5.12 LV Power Cables

Cables for power supplies at voltages up to 600/1000 V shall have copper conductor with XLPE or PVC insulation and PVC oversheath, galvanized steel wire armored with separate earth conductor where running below ground.

The conductors shall be of plain annealed copper wire complying with IEC 60228 as applicable, with circular or shaped conductors. All cores shall be identified by phase colours.

All sheaths shall be terminated in accordance with the manufacturer’s recommendations and the cable cores shall be long enough to be terminated without the addition of separate tails.

The conductor sizes shall be in accordance with the loading of the individual circuits under site conditions and to the approval of the Engineer/Beneficiary.
5.13 Termination of Cables and Wires

Where cable cores are liable to contact with oil or oil vapor the insulation shall be resistant to oil.

PE sheathed cables shall be terminated by compression glands complying with IEC.

Auxiliary PVC insulated cables shall be terminated with compression type glands, clamps or armor clamps complete with all the necessary fittings.

Colours shall be marked on cable box, cable tail ends and single core cables at all connecting points and/or any positions the Engineer/Beneficiary may determine. Cable boxes shall be marked with labels indicating the purpose of the supply where such supply is not obvious or as the Purchaser may determine.

All cables shall be identified and shall have phase colours marked at their terminations where appropriate.

All incoming and outgoing connections shall be terminated at a terminal block. Direct termination into auxiliary switches will not be accepted.

5.14 Control and Selector Switches

Switches shall comply with the requirements of IEC the particular duty and utilization category required being selected from the range stated, according to the duty imposed by the particular application.

Control switches of the discrepancy type shall require two independent movements to effect operation. The control switch shall be so designed that when released by the operator it shall return automatically to "neutral" position.

A system for testing of all discrepancy type control switches and lamps shall be provided.

5.15 Instruments

All indicating instruments shall comply with IEC 60051 and scaled as detailed on the single line diagrams.

Indicating instruments shall be 72 mm x 72 mm.

Induction type watt hour meters shall comply with IEC 60521. Test terminals shall be provided to permit calibration checks to be made when required.

Centre zero meters shall be provided with import/export labels.

5.16 Auxiliary Switches

With each circuit breaker, disconnector, contactor and earthing device, there shall be supplied all necessary auxiliary switches and mechanisms for indication, protection, control, interlocking, supervisory and other services as specified. Not less than four spare auxiliary switches of each type shall be provided. All auxiliary switches shall be wired up to a suitable terminal board on the fixed portion of the switchgear whether they are in use or not in the first instance and shall be arranged in the same sequence on all similar items of equipment. Switches shall be provided to interrupt the supply of current to the tripping mechanism of the circuit breakers and latched contactors. All such switches and mechanism shall be mounted in accessible positions clear of the operating mechanism and shall be adequately protected. The contacts of all auxiliary switches shall be strong and be capable of adjustment according to the movement of the circuit breaker or other item of equipment.
6 MECHANICAL REQUIREMENTS

6.1 Nuts and Bolts

All nuts and bolts, studs, screw threads, pipe threads, and bolt heads shall comply with the IEC for metric threads, or the technical equivalent.

All nuts and bolts which need to be removed during routine maintenance and which are directly exposed to weather shall be stainless steel. Galvanized nuts, bolts, etc. are acceptable for structural steelwork, only. Where circulating currents need to be avoided insulated stainless steel bolts & nuts shall be used.

For mechanical reasons, current carrying terminal bolts or studs, except for small wiring, shall not be less than 6 mm in diameter.

All nuts and pins shall be adequately locked.

All nuts, bolts, and washers placed in outdoor positions shall be of stainless steel (except those on steel structures).

The transformer body and the actual manner of bolt and stud fixings shall be designed such that no ingress of moisture shall be possible at any location.

Each bolt or stud shall project at least one thread but not more than three threads through its nut, except when otherwise approved for terminal board studs or relay stems. If bolts and nuts are placed so that they are inaccessible by means of ordinary spanners, special spanners shall be provided.

The length of the screwed portion of the bolts shall be such that no screw thread may form part of a shear plane between members.

Spring washers shall be provided where necessary.

6.2 Galvanizing

All galvanizing shall be applied by hot dip process and shall comply with the agreed standard but shall not be less than 0.61 kg/m2. The minimum average coating weight on steel sections 5 mm thick and over shall be 0.915 kg/m2.

All welds shall be de-scaled, all machining carried out and all parts shall be adequately cleaned prior to galvanizing. Preparation for galvanizing and the galvanizing itself shall not adversely affect the mechanical properties of the coated material.

The threads of all galvanized bolts and screwed rods shall be cleared of spelter by spinning or brushing. A die shall not be used for cleaning the threads. All nuts shall be galvanized.

Surfaces which are in contact with oil shall not be galvanized or cadmium plated.

Partial immersion of equipment will not be permitted and the galvanizing tank must therefore be sufficiently large to permit galvanizing to be carried out by one immersion.

Galvanizing of wires shall be applied by the hot dip process and shall meet the requirements of IEC standard.

6.3 Aluminum and Aluminum Alloys

Aluminum shall be of the highest purity commercially obtainable and the Contractor shall submit certificates of analysis giving the percentage and nature of any impurities in the metal used.

Aluminum alloy casings shall be sound and non porous.

Aluminum alloys shall be of approved compositions and the Contractor shall submit certificates of analysis for the various parts.

Unless otherwise approved, aluminum or aluminum alloys shall not be used for encasing any current carrying parts in compound, oil filled chambers or valves.

6.4 Painting

All paints shall be applied strictly in accordance with the paint manufacturer's instructions.

All painting shall be carried out on dry and clean surfaces and under suitable atmospheric and other conditions in accordance with the paint manufacturer's recommendations and the colour of paint for external surfaces shall be as agreed with the Engineer/Beneficiary.

6.5 Lubrication

Bearings which require lubrication either with oil or grease shall be fitted with nipples.

7 Project Documents
7.1 General

All information, documentation, calculations, drawings, schedules etc. have to be submitted within such periods or at such dates which are required to guarantee a smooth handling of the project without any delays. The Contractor is responsible for submitting all documentation, in accordance with a program to be prepared by him, allowing all participants sufficient time to check, assess, comment and approve the documents. The quality of the submitted documents must be in accordance with acceptable international practice to allow a speedy checking procedure. Documents not fulfilling these requirements will be returned to the Contractor without comments for improvement and resubmission.
Two types of documents are generally to be considered for the Project:
· Correspondence (i.e. letters, faxes and e-mails),

· Documents (Technical Requirements, Drawings, Procedures, Design (manufacturing, basic, detailed, as-built), Reports, Minutes of meetings, Instructions for operation and maintenance, testing program, testing protocols, certificates, technical data etc.).

It is of the utmost importance that all documents are exchanged between Contractor and Engineer in an organized manner in strict accordance with the Contract Documents.
All documentation in electronic format shall use standardized software compatible with Microsoft Pack Office 2003. On request, all documents shall be handed over by the Contractor in electronic form (in the electronic format in which the document has been prepared or pdf, as requested).
7.2 Tender stage
The drawings issued by the Employer forming part of the Tender documents are intended to be descriptive and used in conjunction with the requirements of the specification and shall in no way limit the responsibility of the Contractor to supply all plant equipment, materials and services as a complete functional assembly.
Any omission from both drawings and the specification or express reference to any detail or work necessary and obviously intended shall not relieve the Contractor of his responsibility to include such detail or work in his supply.
The final sizes of equipment etc. shown on the drawings have not been fixed by the Employer since these are dependent on the size and shape of the Tenderer's equipment and materials forming the works and the space required for installation, maintenance, lay down, storage, access etc. They are, however, to be considered as minimum requirements.

When measurements are affected by conditions already established, the Contractor shall take and be responsible for field measurements notwithstanding any information set forth on the drawings included in the Tender Document.
The drawings portray the basic layout of the scope of works and the Tenderer shall incorporate these requirements in his Tender drawings.
The Tenderer has to ensure that the information provided within the Tender Document is sufficient to state his final contract price.
The Tenderer has the liberty to comment on any document and drawing issued with the Bidding Document within the time specified in the Instructions to Bidders. After the Tender has been submitted the Tenderer is deemed to have checked all these documents and drawings and they are without any restriction accepted by him. No claim resulting out of omissions or discrepancies in this respect will be accepted by the Employer.

7.3 Documents

The Contractor shall prepare all necessary documents giving full and complete information to enable the Engineer/Beneficiary to properly consider the design of the work.
Documents originated by any of Subcontractors shall fulfill all specified requirements and standards. Prior to the submittal of those documents, the Contractor has to verify with regard to measurements, size of members, material and details to make sure that they conform with the requirements and to the intent of the Technical Requirements.
Documents shall be submitted to the Engineer/Beneficiary in such a sequence that the information required by the Engineer/Beneficiary for examination purposes corresponds with the progress of the works. The Contractor shall ensure that all documents for approval are forwarded to the Engineer/Beneficiary in such a way as to allow sufficient time for examination by the Engineer/Beneficiary. The Contractor shall also ensure that documents are submitted early enough to permit amendments to be made and re-submission for approval without delaying the program of deliveries or the guaranteed completion dates of the Works.

The Contractor shall submit for approval a documents schedule, indicating:
· Each kind of document and

· Estimated submission date.

This schedule shall be updated whenever necessary until completion of the work, at least every quarter of a year.
All documents prepared or furnished by the Contractor shall be marked with the title of the work, certified by the Contractor and Subcontractor respectively, and shall be transmitted to the Engineer/Beneficiary. Each transmittal of documents shall be accompanied by a Document Transmittal Sheet (DTS) giving the titles and numbers thereof.

At monthly intervals, or as agreed upon otherwise, (and if required with any document and design document sent for approval) the Contractor shall submit copies of his complete document lists, having incorporated the updated schedule as mentioned above, and the latest transmittal sheets. These lists shall clearly indicate the actual status of every document and design document, i.e. for information only, for approval, resubmitted for approval, approved or as-built.
Modified documents shall bear the revision field and a revision date, and the nature of the modification shall be clearly stated, no matter if it was already approved, approved on condition, revised or not approved.
All documents shall bear the approved contract references and title block as agreed with the Engineer/Beneficiary.

At least the following information shall be included in the title block:
· the Contractor's name

· the Subcontractor's name, where applicable

· the Beneficiary's name

· the Project name

· the name of the Engineer, when so advised

· brief description of the contents of drawings

· drawing and revision number

· first date and revision dates

· scale and scale bar (where applicable)

· space for the Beneficiary drawing number.

All drawings shall be plotted in and shall show the scales of the metric system, and all descriptive wording shall be in the English/Serbian language. Language will be agreed and approved by Engineer/Beneficiary.

All drawings and other documents submitted by the Contractor shall be of one of the following sizes that conform to the International standards specifications ISO 216:
Size

Dimension in mm:

of trimmed drawing (finished sheet)

A 0

1,189 x 841 maximum

A 1

841 x 594

A 2

594 x 420

A 3 

420 x 297

A 4 

297 x 210

All the above formats shall be folded to size A 4 with margin for binding.
The quality of original drawings, master prints, blue-prints and of all other copies, irrespective of the method by which they have been produced, must be such that no damage whatsoever, such as partial or complete illegibility, can occur as a result of extreme climatic conditions.

Logical and graphical symbols as well as abbreviations used in the drawings shall be identified in a legend. Abbreviations shall be described in their full text.
Documents approved shall not be changed except as provided in Tender documents.
The Contractor shall be responsible for any discrepancies, errors or omissions in the documents and other particulars supplied by him, whether such documents and particulars have been approved by the Engineer/Beneficiary or not. Where such errors or omissions are discovered later, they shall be made good by the Contractor out of his expenses irrespective of any approval of the Engineer/Beneficiary. 

The Contractor shall, within the times approved by Engineer/Beneficiary, provide drawings showing the manner in which the plant is to be assembled with all information relating, unless otherwise agreed, only to the works, required for preparing suitable foundations, for providing suitable access for the plant and any necessary equipment to the point on site where the plant is to be erected and for making all necessary connections to the plant (whether such connections are not going to be made by the Contractor).
Any expenses resulting from an error or omission or from delay in delivery of the necessary documents and information shall be borne by the Contractor.

7.4 Document submission

The following documents and information shall be provided for the Engineer/Beneficiary within the specified time indicated in weeks:
	Documentation after Letter of acceptance
	Preliminary
	Final

	Project Manual
	4 weeks
	8 weeks

	Detailed time schedule for the design, manufacturing, delivery periods with all important milestones
	4 weeks
	Updated every month

	Drawing register with list of all drawings intended to be subject for approval
	4 weeks
	Updated every month

	List of all standards
	4 weeks
	8 weeks


	Documentation after Commencement
	Preliminary
	Final

	Monthly Progress Reports
	
	Every month

	Two sets of all standards
	4 weeks
	8 weeks

	Equipment drawings (detailed information for Civil and Electromechanical design)
	4 weeks
	8 weeks

	Protection, Control and Metering, Telecommunication, Auxiliary services Basic and detailed design)
	8 weeks
	24 weeks

	Detailed factory and site test program
	8 weeks
	1 month before test

	Documentation for manufacturing
	
	1 month before manufacturing

	Erection instruction
	8 weeks before start of erection
	4 weeks before start of erection

	Training schedule
	4 weeks
	8 weeks

	Operation and maintenance manuals, operating instructions
	8 weeks before start of commissioning
	Before Taking Over


7.5 Document distribution
Following document distribution shall be followed by the Contractor (details including delivery addressees will be defined during kick-off meeting):
Documents and drawings for approval (and re-submission): 2 copies to Engineer and 2 copies to Beneficiary.

Approved drawings: 2 copies to Beneficiary Head Office and 2 copies to Engineer plus 2 copies for site office. One soft reproducible copy on CD-ROM will be delivered to Engineer/Beneficiary.

O & M Manuals and operating instructions: 2 copies to Beneficiary Head office and 2 copies to Beneficiary site office.

The Contractor shall supply and submit -free of costs- any further copies, if and when reasonably required by the Employer/Employer’s Representative.

In order to accelerate the drawing approval procedure, all documents for approval shall be submitted in parallel by e-mail, however, a document submitted by email shall be considered only as valid document after submission of the original letter/document. The size of the email shall not exceed 6 MB.
8 Approval Procedures

8.1 General

All information, documents, including also calculations, drawings, schedules etc. have to be submitted within such periods or at such dates which are required to guarantee a smooth handling of the project without any delays. The sequence of submission shall be such that information is available for timely approval/review of each document when it is received.

The Contractor is responsible for submitting all documents allowing all participants sufficient time to check, assess, comment and approve the documents. 
The quality of the submitted documents must be in accordance with acceptable international practice to allow an expeditious checking procedure. Documents not fulfilling these requirements will be returned to the Contractor without comments for improvement and resubmission.
Approval will be given by the Engineer/Beneficiary within 4 weeks after receipt of such documents. Any manufacturing work carried out prior to such approval will be at the Contractor’s own risk and expense.
If the Engineer/Beneficiary fails to approve or comment on the documents submitted by the Contractor within the above period, the Contractor may proceed with the fabrication, after such period is elapsed upon the date of the Engineer/Beneficiary acknowledgement/signing of DTS.
The Contractor shall be responsible for any discrepancies, errors, mistakes, omissions or deficiencies in the documents or the material and equipment as supplied by him subsequently, whether such documents have been approved or not.
Each document for which no approval is required shall be clearly marked "For information only" on the Documents Transmittal Sheet. The Engineer/Beneficiary may, however, decide to treat such document as sent for approval, if deemed necessary.
Each document sent for approval shall be clearly marked "For approval" on the Documents Transmittal Sheet. The Engineer/Beneficiary may, however, decide to mark such document "not subject to approval", if deemed necessary.
The Contractor must in no case distribute any document without either one of the above mentioned marks or the mark "Approved...". Documents distributed in spite of it may be regarded as non-existent.
8.2 Documents for Approval
8.2.1 Documents
The Contractor shall distribute within the time called for in the Tender document, documents for approval to the Engineer/Beneficiary in the number as laid down in the Contract or as the Engineer/Beneficiary may reasonably require.

The documents required for design, construction, installation, operation and maintenance of the entire plant shall be submitted by the Contractor in good time so as to permit the plant as a whole to be erected in compliance with the specified time table.

The Contractor has to submit drawings, documents and all such information which are necessary to verify that the goods he intends to manufacture comply in every respect with the requirements of the Contract. 

After Contract signing the Contractor shall prepare technical documents for manufacturing of equipment and submit it to the Engineer/Beneficiary for approval.

Any manufacturing work carried out prior to such approval will be at the Contractor’s own risk and expense. On the basis of these documents and testing programs, Factory Acceptance Test shall be performed.

After Contract signing the Contractor shall prepare technical documents on the basis of which the installation and civil engineering works will be executed and submit to the Engineer/Beneficiary for approval.
On the basis of these documents and testing programs, Site Acceptance Test, Technical Inspection and Trial Operation, Preliminary Taking Over will be performed.

Only the most important documents for approval are listed below. These documents shall be submitted sufficiently in advance, so that corrections and amendments desired by the Engineer/Beneficiary as well as resubmission of the documents will not result in any delays with respect to the guaranteed time table. The Engineer/Beneficiary reserves the right to request from the Contractor additional documents as may be required for proper understanding and definition of the design and engineering of the plant.

As a minimum the following documents are to be submitted for approval:

General:

· Outline drawings

Drawings of the equipment indicating overall dimensions with min. required distances to neighboring equipment, weights, anchoring and connection details, and erection working space.

· Layout drawings
General assembly drawings showing details to demonstrate fully that all parts will conform to the provisions and intent of the Contract Documents and to the requirements of their installation, operation, and maintenance. These drawings shall show in a true scale all necessary components the equipment is made from, and components shall be identified by means of a legend.
· Cabling
Cabling from terminals of equipment A to equipment B shall be documented with cable lists, indicating at least cable no., description of function, starting and ending point (of each wire), cable type, cable length, numbers., section of wires, and available spare wires.
· Calculations/design criteria
In addition to the drawings or whenever the contractual documents may require, the Contractor shall submit appropriate calculations for determining the main design criteria, clearly indicating the principles on which calculations are based. Conceptual design studies shall accompany Contractor’s solution whenever deemed to facilitate the understanding thereof.
· Proposed inspection and testing programs

· Training program
· Operating and maintenance manual with description of all equipment and facilities
· Detailed operating and maintenance instructions
· Spare part list

Electrical drawings (Control, Protection, Metering, Auxiliary services):

· Electrical single-line diagrams

· List of consumers

· Cable lists including cable cross section drawing

· Standard circuit diagrams for all different kinds of electrical consumers

· Circuit diagrams for all individual electrical equipment

· Lists of equipment and devices

· Dimensioned drawings of switching cubicles, etc.
· Calculation of mechanical stresses of switchgear due to arcing faults

· Short circuit calculation and determination of protection relay settings for protection and auxiliary electrical supplies

· Protection setting calculation

· Protection and metering diagrams (schematic diagrams)

· Panels front view
· Control system architecture showing all components

· Detailed dimensions of desk, panels and cubicles

· Layout of modules within cubicles

· Description for all functional group controls

Engineering drawings

· Internal connection diagrams, external connection diagrams, terminal connection diagrams, combined schematic and circuit diagrams

· Instrument loop diagrams

· Instrument hook-up drawings

· List or recorders/selector switches

· Instrument list

· List of annunciation
Telecommunication drawings

8.2.2 Operation and maintenance manuals, operating instructions

The Contractor shall furnish to the Engineer/Beneficiary complete operation and maintenance manuals and separately Operating Instructions.

The operation and maintenance manuals to be provided by the Contractor shall contain a detailed description of the equipment and components written in such a way as to enable the Employer to operate, maintain, dismantle, reassemble and adjust all parts.

The operation and maintenance manuals shall be accurate and easy to understand and shall be presented in such a manner that the contents can be used for instructing the Beneficiary’s personnel in the operation, service, maintenance and repair of the installations and their individual component. Tables, lists, graphic presentations and explanatory diagrams should be used as far as possible for easy understanding.

Further, the operation and maintenance manuals shall contain the following information:

· Detailed description of the equipment, its subassemblies, components and accessories. A detailed list of clearances, tolerances, temperatures, settings, system data, etc., is required.

· Principles of operation: A brief summary is required of the technical basis for operation of the system or equipment.

· Testing and adjustment. The complete procedure of testing, recalibration and adjusting the system or any parts during operation, after overhaul, or during recommended periodic checks must be covered. For all important items of equipment, test schedules in tabular form shall be included.

· Drawings. All layout drawings, assemblies and sections, schematic drawings, detailed control and wiring diagrams, program documentation, flow sheet, piping diagrams, etc. necessary for understanding the operation and necessary for maintenance work.
· Manufacturers' descriptive technical literature (brochures).

· Maintenance instruction.

· A maintenance schedule shall mention the inspection and maintenance intervals laid down separately for each individual equipment or part, the exact description of the operations to be carried out as well as the necessary spare parts and materials.
This section will be divided into two subsections:

a) Preventative maintenance, which will indicate the periodic inspections required, the inspection procedure, the routine cleaning and lubricating procedures, the routine safety checks, calibration checks and the like.

b) "Trouble shooting guide". For repair and adjustment, it will describe the inspection, removal, and replacement of parts; electrical, fluid or commissioning procedures.

The Contractor shall set out in these instructions the intervals of exchange of equipment to be replaced in the course of operation (expressed in no. of operation cycles, or years of service). The necessary dismantling/erection instructions shall be given in detail.
· Spare parts: The Contractor shall mention how and where additional spare parts can be ordered specifying for each part the ordering number, the name, address, telephone and fax number as well as the e-mail address of the manufacturer or supplier.
The Operating Instructions to be provided by the Contractor shall contain a detailed description of each individual plant written in such a way as to enable the Employer to operate all installations of the respective plant. The instructions must be accurate and easy to understand and shall be presented in such a manner that the contents can be used for instructing also untrained personnel in the operation of each individual plant. The instruction shall contain the detailed description of the operating principles for each system of the plant and how to operate them. For clarity of presentation, careful consideration shall be given to the use of charts, tables, and operating data in this section.

The Engineer/Beneficiary reserves the right to specify a uniform cover (loose-leaf folder) for all operation and maintenance manuals. The Contractor shall not be entitled to claim extra payment because of this requirement.

The Contractor shall submit to the Engineer/Beneficiary a draft version of the operation and maintenance manuals and operating instructions for checking and approval. After having received the approval and all the necessary corrections and additions have been made, the Contractor shall send copies of the operation and maintenance manuals and operating instructions to the Engineer/Beneficiary.

If it shall emerge during the erection, commissioning trial run or warranty period of the equipment that the operation and maintenance manuals and operating instructions are inadequate or faulty and after obtaining such data only available after commissioning and proper setting the Contractor shall carry out and supply the necessary corrections and supplements. The Contractor, free of charge, shall make all amendments to documents.
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