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c)    Safety relation between inductions values and contact conditions or binary indication,
d)    Polarity in the case of contactless sensors, 4-20 mA sensors and power supply,
e)    Show all electrical connections (power supply, earthing,…)

Electrical connection: 
Sketch way of electrical connection with:
a)    Wire color/label, with/without cable,
b)    Color/number of connection terminals, connection with terminals/connector,  
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3. part: Proposed deviations compared to the tender documentation

Any proposed deviation from the Tender specifications shall be listed in the attached sheets as 
follows:

It shall be noted the reference Item of the Tender documentation.
The reasons for the proposed deviation shall be given.
Description of the proposed deviation shall be given.
Any calculations of the proposed deviation shall be given.
The influence of the proposed deviation to the offer price in case that the proposed 
deviation shall be given. In the offered price shall be included all labor and materials 
costs. Materials shall fully compliant with the Tender requirements.
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Attachment 1 - Turbine Runner - Detailed description

To give an detailed descriptions of the works in accordance with the requirements Book 2, Volume 2, Item 2.2.1.
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Attachment 6 - Circular Monorail Crane - Detailed description

To give an detailed descriptions of the works in accordance with the requirements Book 2, Volume 2, Item 2.4.
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1. SHORT DESCRIPTION OF EXISTING HPP AND EQUIPMENT 

The Plave 1 HPP commenced with its operation in 1940. Until 1947, the power plant supplied the 
grid with the frequency of 42 Hz. With the incorporation of the Primorska region to Yugoslavia, the 
power station was integrated in the Slovenian grid, due to which the modification of frequency 
(speed) from 42 Hz to 50 Hz and a decrease of voltage from 132 kV to 110 kV were inevitable. 
Both turbines were gradually rehabilitated between 1994 and 1999. The rehabilitation included the 
replacement of the complete embedded equipment in the area of the turbine runner and the 
complete equipment in the turbine pit leading to the flange for connecting the intermediate turbine 
shaft with the generator. The other primary power plant equipment has remained unchanged. 

The Plave 1 HPP is an accumulation derivational hydroelectric power plant. Together with the 
Plave 2 HPP it operates depending on the available discharges at base load or peak load, 
synchronized with the front end power plant Doblar HPP.  

The Plave 1 HPP includes the following main power facilities:  

a) Ajba dam with intake structure, 
b) free flow supply tunnel, 
c) pressure tunnel, 
d) powerhouse, 
e) discharge tunnel. 

1.1 AJBA DAM WITH INTAKE STRUCTURE 

The Ajba dam, which is of gravitational type, creates an accumulation lake impounding the Soča 
River to the level of 106.0 m a.s.l. with the gross storage basin volume of 1.65 million m3. The Ajba 
storage basin water level may vary to the minimal level of 102.3 m a.s.l. making use of app. 0.7 
million m3 of useful volume. Usually, the storage basin variation takes place between the el. 104.5 
and 106 m a.s.l., where there is app. 0.416 million m3 of available volume. 

The dam is not subject of rehabilitation. 

The intake structure is located on the right bank directly by the dam. The intake is equipped with 
steel slide gates for the purpose of the intake system revision. By closing the gate, water level 
regulation in the settler is constantly being performed.  

The intake structure is not subject of rehabilitation. 

1.2 SUPPLY TUNNEL  

The supply tunnel is located on the Soča River right bank between the settler and the power 
house. It is 6579 m long, its inner diameter being app. 6 m. The tunnel operates under all operating 
conditions with free flow. 

The supply tunnel is not subject of rehabilitation. 

1.3 PRESSURE TUNNEL 

The end of the supply tunnel is followed by widening into two separate pressure tunnels, with 
diameter 5 m and app. 40 m long. Their beginnings are equipped with an auxiliary slide gate for the 
purpose of revision. In addition to the both pressure tunnels, there is also a horizontal discharge on 
the same level, which serves for the discharge in case of rapid closure of the turbine. In such 
cases, the flap gate at the beginning of discharge is activated and the flow runs through the tunnel 
into the Soča River. 

The pressure tunnel is not subject of rehabilitation.     
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1.4 POWERHOUSE 

The Plave 1 HPP powerhouse includes a group of mainly underground facilities, although a small 
part of the facilities is also located above ground. In general, the powerhouse can be divided into 
the following facilities:  

a) administration facility (command facility and workshops), which is located directly by the local 
road Plave – Ložice, 

b) the external 110 kV switchyard, which is located directly next to the administration building by 
the local road Plave – Ložice,  

c) underground powerhouse with two turbine pits, transformers and the MV  switchyard,  
d) access tunnel between the administration facility and the underground powerhouse,  
e) various cable and drainage tunnels.  

The powerhouse is constructed underground entirely. The installation platform, which is also the 
generator floor, is located at the level of 87.77 m a.s.l. The powerhouse on this elevation is of 
rectangular cross-section and the ground plan dimensions are 12.6 x 30 m. The ceiling of the 
gallery is of arch form, with the apex at el. 107.85 m a.s.l. The powerhouse structure above the 
level of the installation platform is doubled. The primary structure is executed directly on the rock 
base (walls and calottes), while the secondary structure is shifted inwards so as to create an 
intermediate drainage layer. All seepage water is collected at the bottom of the drainage layer, 
approximately on the level of generator floor, from where it is discharged into tunnels (dry tunnel, 
wet tunnel). The tunnels run longitudinally under the level of generator floor on both sides of the 
turbine hall.  

Under the el. 87.77 m a.s.l. there are also the turbine pits (Kaplan turbines) with all pertaining 
areas on the individual intermediate floors and with the material and access shafts. The ground 
plan of all these areas is mirror-oriented relative to axis between the generating units. The 
drainage shaft is common for both generating units. Drainage water is pumped from drainage shaft 
into the wet tunnel. From there it flows, under the force of gravity, into the Soča River. The floor at 
el. 79.45 m a.s.l. can be accessed by stairs from the generator floor. It includes the intermediate 
bearing and the side rooms with the auxiliary equipment. From this level a ladder leads to the level 
of the turbine guide vane. The auxiliary equipment dismantling and installing is performed through 
the material shaft from the level of the generator floor.  

The access tunnel is connected to the powerhouse in an axial way from the front side. Transformer 
boxes are connected to it from left and right. The former control floor, as part of the powerhouse, is 
located above the access tunnel at level of app. 94.50 m a.s.l. (the present control room is located 
at the administration facility). The room is closed from the powerhouse installation hall with a glass 
wall. The MV switchyard is located at the same floor behind the control part. The cable connection 
to the external part of the powerhouse runs through the cable tunnel, which is located above the 
access tunnel. The gate chamber above the pressure tunnels and the spillway chamber at level of 
103 m a.s.l. can be accessed by stairs.  

The scope of rehabilitation is described in the following chapter. 

1.5 TURBINE OUTLETS 

Power plant discharge system for each unit is executed separately. From the end of the draft tube 
to the River Soča outflow there are two separate, app. 200 m long discharge tunnels with a 
horseshoe shape and diameter 5.5 m. The tunnels are under pressure. 

The turbine outlets are not subject of rehabilitation. 
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1.6 MECHANICAL PART 

1.6.1 The Powerhouse 

Initially, two 6-blade Kaplan turbines with vertical shaft were installed at the underground 
powerhouse. The turbine (2x11800 HP; 44 m3/s; 300 min-1) manufacturer was Escher Wyss and 
the generator (2x11 MVA; cos ϕ = 0.75; 10.5 kV) manufacturer was BBC Milano. The turbines and 
generators were operating since 1940.   

After the year 1990 and after 50 years of operating, measurements and examinations of individual 
inbuilt turbine parts were performed. In accordance with the results displaying damages and cracks 
on the runner blades, damages on the runner ring and other decrepit turbine and auxiliary system 
equipment, Client decided to rehabilitate the turbine part of the generating units. Hence, in the 
scope of the first phase of rehabilitation in years from 1994 to 1999, both turbines were gradually 
rehabilitated. The rehabilitation included the replacement of the entire embedded turbine 
equipment in the area of the runner and the entire turbine pit equipment to the flange for the 
connection of the turbine shaft with the generator. 

The existing generator has remained in operation therefore the design of installed turbine 
equipment was adjusted for the original concept of the generating unit.  

Technical data of the rehabilitated turbine:  

a) manufacturer: LITOSTROJ E.I. 
b) type of turbine: K5-2.5/2.42 
c) year of manufacture: 1998 
d) net head: 24 m 
e) flow: 40.3 m3/s 
f) rotation speed:  300 min-1 
g) maximum runaway rotation speed: 670 min-1 
h) power: 8700 KW 
i) runner diameter: 2.5 m 
j) number of runner blades: 5 
k) number of guiding vanes: 20 
l) spiral symmetry level: 72.765 m a.s.l. 
m) runner symmetry level: 71.918 m a.s.l. 

In addition to the turbine equipment replacement, the generator unit auxiliary systems were 
rehabilitated as well:  

a) new hydraulic part of the turbine governor for the guiding vanes and runner, 
b) new closed cooling system for generator and bearing cooling and rehabilitated open cooling 

system for transformers and turbine seal,  
c) rehabilitated existing generator bearing lubricating system, 
d) updated existing compressed air system (low-pressure system) and a new high-pressure 

system for turbine governor, 
e) updated existing drainage system at the powerhouse. 

The complete generator and generator bearing equipment was dismantled, examined and 
rehabilitated for further operation. 
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1.6.2 Cooling water system 

Exsisting cooling water system consists of three susystems. Two system are “open water” – first is 
for transformers cooling with water intake on elevation 82,20, the second is for shat seal cooling 
with water intake on elevation 104,00. 

The third system is “closed water” system for cooling of turbine and generator bearings, regulation 
oil and generator cooling. 

1.6.3 Drainage system 

Drainage system consists of five subystems: 

a) pump from drainage shaft for pumping of the water from discharge tunel, draft the and spiral 
case; 

b) regular pumping of water from drainage shaft; 
c) drainage of turbine cover; 
d) drainage of upper govorner ring; 
e) other drainage systems. 

1.6.4 Oil vapor extraction system 

Oil vapor extraction system is not installed. 

1.7 ELECTRICAL PART 

The BBC Milano generators were initially manufactured for the grid frequency 42 Hz with rated 
rotations speed of 252 min-1. After the incorporation of the Primorska region to Yugoslavia in 1947, 
the power plant was integrated in the Slovenian grid, which required the transition from 42 Hz to 50 
Hz (300 min-1). In 1963, the study M80 INELGO Ljubljana defined the technical characteristics 
specifying new operational parameters for a permanent generator operation with the following 
technical data: 

a) rated capacity:    11 MVA 
b) rated voltage:   10,5 kV +5% do - 10% 
c) rated current:   875 A +10% do - 5% 
d) rated cosϕ   0,75 
e) rated frequency:   50 Hz 
f) rated rotational speed:  300 min-1 
g) cooling:     closed loop air cooling with water exchangers 
h) insulation class:   B on stator and rotor 

With regular maintenance, the operating capacity of the equipment has been kept at a high 
technical level. Most of the Plave 1 HPP 73-year-old electrical equipment is decrepit and outdated 
(except those parts of equipment that have been rehabilitated). A thorough and comprehensive 
rehabilitation of electrical equipment is necessary for a reliable and safe operation of the 
generating units and the HPP as a whole.  

2. DESCRIPTION OF THE ENVISAGED SITUATION 

The second phase of the Plave 1 HPP reconstruction encompasses mostly the replacement of the 
generators with excitation and electrical equipment (unit transformer, MV switchyard, auxiliary 
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power supply) installed in the rooms of the powerhouse cavern and auxiliary rooms of the existing 
facilities.  

The turbine units and the auxiliary mechanical equipment were mostly rehabilitated within the 
scope of the first phase of rehabilitation. However, because of periodical leakage of oil from turbine 
runner there will be intervention ob turbine equipment as well (turbine will be dismantuled and 
repaired in turbine manufacturer factory). 

Unit 2 is first to be replaced and will be followed by unit 1. All works shall be coordinated by 
different Contractors (Lot G, Lot T, Lot EE and Lot A). Works will be performed in the way that one 
unit will be in operation. Exception is interruption of operation of both units of approximately 5.5 
months. 

The installed power as well as the supply and discharge of propulsion water remain unchanged.  

2.1 CIVIL PART 

As part of turbine pits and the generator floor, minor civil works are envisaged for installing the new 
generators (if possible, the already existing foundation slabs shall be used). 

Civil works outside of the pit: 

a) minor civil works for dismantling and installing the MV switchyard equipment, 
b) execution of the new cable duct between the external powerhouse facility and the 110 kV 

switchyard. 

2.1.1 Interventions at the level of the generator floor (floor 87.77 m a.s.l.) 

On this floor, minor civil works are envisaged with installation of supporting structure elements of 
the new generator stator. Most of the existing anchoring elements shall be maintained. 

2.1.2 Interventions at the level of the MV switchyard (floor 95.77 m a.s.l.) 

Demolition of the partition wall and the civil-construction works for the necessary reorganization of 
the space are envisaged for the installation of the new MV switchyard equipment and the 
equipment of the LV auxiliary power supply, located on the level of the former control floor as part 
of the powerhouse gallery. 

2.1.3 Cable duct leading to 110 kV switchyard 

Cable duct is foreseen from the external powerhouse facility (control facility) to the 110 kV switch 
yard. The execution shall be by pipe conduits and cable shafts. The cable shafts shall mainly be of 
dimensions 1.5 x 1.5 m. The depth shall be adjusted according to the conditions on the ground.  

2.1.4 The exterior 110 kV switchyard 

The existing 35/110 kV transformer shall be dismantled and replaced with the new 10/110 kV, 26 
MVA transformer. For this purpose, a new transformer foundation and metal structure foundations 
shall be installed for the installation of transformer connection devices.  

2.1.5 Mechanical and electrical installations 

Within the frame of reconstruction mechanical and electrical installations shall be rehabilitated. 
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2.1.6 New cooling water reservoir 

The new cooling water reservoir is foreseen in existing blind duct which is part of wet drainage 
duct. In the past it was used as oil sump of block transformer “B”. 

It will be necessary to dismantle some equipment, pumps and partition wall and to install new 
access ledders, new barrier wall, waterproof coating etc. It will be necessary to cooperate with 
supplier of eqipment, which will be installed in new reservoir. 

2.2 MECHANICAL PART 

2.2.1 Generating unit area 

Dismantling of the existing generator and installation of a new generator with pertaining bearings in 
place of the existing generator are foreseen. Preparation of documentation for the manufacture 
and installation of generator equipment to be executed in the facility requires compliance with 
adjustments on connections with the already rehabilitated turbine equipment: 

a) connection intermediate turbine shaft / generator shaft, 
b) connection between the upper part of the generator and oil distributor, 
c) adjustment of the regulation pipes in the intermediate turbine and/or generator shaft, 
d) adjustment of the regulation pipelines for the oil distributor. 

2.2.1.1 Closed water system  

Two separate closed water systems are consisting of all equipment, which is necessary for cooling 
of each unit (turbine-generator). 

Closed water system is used for cooling of following devices: 

a) Generator 
b) Upper generator combined bearing 
c) Lower generator guide bearing 
d) Intermediate turbine guide bearing 
e) Lower turbine guide bearing 
f) Turbine regulation oil 

In each loop of closed water system following interventions are foreseen: 

a) Replacement of circural pumps and regulation system, 
b) Replacement of cooling pipes in discharge tunel, 
c) New heat exchangers (water-air) in generator,  
d) New heat exchangers in generator bearings. 

All other devices (turbine bearings and regulation oil heat exchangers) will remain is exists. 

2.2.2 Turbine eqipment 

The turbine runner will be dismantuled and repaired in Contractor’s factory. Turbine shaft will be 
replaced as well. 

Turbine equipment will be dismantuled through generator. It is meaning, that generator will be 
dismantuled first and will be followed by turbine equipment. Dismantuling of turbine equipment is 
including (tntermediate turbine shaft, turbine upper guide bearing, turbine shaft, turbine lower guide 
bearing, turbine cover …). 
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Besides repairing of turbine runner, there will be also intervention on guide vanes, turbine hydraulic 
regulator and digital regulator.  

2.2.2.1 Open cooling system 

Open cooling water for the turbine shat seal will be refurbished and modified. New reservoir for 
cooling water is foreseen. The goal is to improve supply of cooling water during situation of high 
water levels of the Soča river when river water is full of slit. With this intervention the operation of 
power plant will be more reliable. Because the bloch transformers will be romooved and new grid 
transformer will be air colled the existing transformers cooling water equipment will be used for 
filling of new cooling water reservoir.. 

List of interventions by scopes and locations are as follow: 

a) Cooling water intake and preparation on elevation 104.00 m a.s.l., 
b) New coolin water tank on elevation 84.50 m a.s.l., 
c) First filling of new water tank (without pumps), 
d) Additional filling of water tank , 
e) Cooling water supply for turbine shat seals (without pumps), 
f) Cooling water supply from pot water pipeline. 

2.2.2.2 Drainage system 

Each unit has drainage system for evacuation of water from tailrace tunnel. 

Existing drainage system will be partialy refurbished  and completed. Two new oil separators are 
foreseen to be installed. 

2.2.2.3 Oil vapor extraction system 

The oil vapor extraction system at the power plant currently is not installed. 

Therefore, completely two new systems have to be delivered and installed, one for each of two 
power units. 

This new system has to extract oil vapor from all of turbine and generator equipment where oil is 
present and all the time when the unit is in operation. 

2.2.2.4 Overflow gate 

Overflow gate is located in overflow room on elevation 104 m a.s.l. 

Hydrolic unit of overflow gate has periodical problems to return in he position after has been in 
operation. 

Reconstruction of hydraulic unit is therefore foreseen. 

2.3 ELECTRICAL PART 

As already stated in the description of the existing situation, most of the operating electrical 
equipment partly dates back to the 1940s (the oil cables, busbars, unit transformers, excitation 
transformers) and partly to the 1950s. In order to ensure operational reliability, the electrical 
equipment shall be rehabilitated completely (the primary and control equipment).  

From the perspective of the electrical equipment, the following parts shall be completely updated 
and installed:  
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a) generators with excitation system,  
b) power transformer(-s) and individual elements of the 110 kV switchyard,  
c) MV equipment,  
d) the main distribution and sub-distribution of 0.4 kV AC auxiliary power supply, 
e) supply and distribution 110 V DC auxiliary power supply,  
f) control and protection equipment. 

2.3.1 Generators and the excitation system 

The generators shall be installed in the same area, namely, in the upper level of the powerhouse. 
The generator terminals and neutral point equipment shall be installed in an housing by the side of 
the generator, into which the generator connectors shall be routed through the conductive window. 
Excitation, control and protection cubicles shall be installed in the powerhouse, directly next to the 
generator. The excitation transformers shall be installed in a separate room, directly by the 
powerhouse, above the cable channel.  

2.3.2 Transformers 

The following existing energy transformers shall be dismantled:  

a) 35/10 kV, 11MVA unit transformers,  
b) 110/35 kV, 22 MVA grid transformer, 
c) 35/20 kV, 8 MVA transformer, 
d) two 35/10 kV transformers, 
e) 20/0.4 kV low voltage transformers auxiliary power supply. 

The dismantled unit transformers and the grid transformer shall be replaced with a new 110/10 kV, 
20 MVA grid transformer, which shall be installed in the external 110 kV switchyard. 

The auxiliary power supply transformers shall be new, namely, 10/0,4 kV and 20/0,4 kV, both of 
power 630 kVA.    

2.3.3 MV equipment 

All existing MV equipment shall be dismantled. 

The new generator cubicles of individual generating units shall be installed in the same area as the 
present MV generating unit equipment (in a separated room next to the unit transformer). 

The MV switchyard room is envisaged behind the old switching station of the power station. The 10 
kV SN switchyard shall include the prefabricated cubicles. Under the switchyard and the old 
switching station there is an intermediate room app. 1.6 m high (some kind of a double floor), 
which shall be used, as it has been so far, for cable connections.    

2.3.4 LV auxiliary power supply 

A replacement and regulation of the 400/231 V AC auxiliary power supply is foreseen. The main 
LV auxiliary power supply distribution shall be installed in the room behind the old switching station 
(together with the MV switchyard). The general consumer power supply shall run through the 
10/0.4 kV transformer, supplied from the MV switchyard. The alternative power supply shall run 
from the 20 kV Elektro Primorska distribution network (from the nearby substation). The urgent 
consumers shall be supplied from the new electrical diesel unit (DEA). The existing and decrepit 
DEA shall be dismantled and a new 125 kVA DEA shall be installed in the same area. Sub-
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distributions shall be installed on different locations in the facility, namely, in the vicinity of their 
consumers.     

The 110 V DC distribution shall also be new. The existing batteries shall be dismantled and 
replaced by new ones. The rectifier and the main distribution panel shall also be replaced with new 
ones. The sub-distribution panels shall be installed on different locations in the facility, namely, in 
the vicinity of their consumers.  

2.3.5 Control, meter measurements, protection 

All control, meter measurement and electrical protection equipment shall be replaced and installed 
in the existing power plant rooms. With all the installed equipment, the Plave HPP shall remain a 
remotely controlled facility without a permanent crew for its operation, however, with a significantly 
greater degree of operational reliability.  

2.4 DIVISION OF FORESEEN WORKS TO THE TENDERS 

Works will be tendered according to public procurement rules. Following tenders are foreseen: 

2.4.1 Lot G (generator and excitation) 

a) Generators 
b) Excitation system 
c) Generator terminals and neutral point housing 
d) Closed cooling system 
e) Sensors for generator monitoring system 
f) Civil works in the powerhouse related to generator and excitation system foundation,  
g) All other necessary works (design and manufacturing, dismantling of existing equipment, delivery 

and erection of new equipment as well as commissioning). 

2.4.2  Lot T (mechanical equipment) 

a) Reconstrustion of existing turbines in manufacturer factory (turbine runner and guide vanes), 
b) Modification on hydraulic regulation due to generator replacement, 
c) Modification of turbine regulation inclooding DTR, 
d) Open cooling system, 
e) Overflow gate hydraulic unit reconstruction, 
f) Drainage water system modification, 
g) All other necessary works (design and manufacturing, dismantling of existing equipment, delivery 

and erection of new equipment as well as commissioning). 

2.4.3 Lot A (civil works) 

a) Works on elevation 87,77 m a.s.l. (which are not related to generator), 
b) Works on elevation 95,77 m a.s.l. (MV switchyard), 
c) Cable duct in direction to 110 kV switchyard, 
d) New cooling water reservoir, 
e) Works in the 110 kV switchyard related to installation of new grid transformer, 
f) Mechanical and electrical installations, 
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g) All other necessary works (dismantling of existing equipment, delivery and erection of new 
equipment as well as commissioning). 

2.4.4 Lot EE (electrical equpiment) 

a) Power transformers,  
b) MV equipment,  
c) the main distribution and sub-distribution of 0.4 kV AC auxiliary power supply, 
d) Diesel generator  
e) supply and distribution 110 V DC auxiliary power supply,  
f) MCC, 
g) Control and protection equipment. 
h) Measuring equipment, 
i) All other necessary works (design and manufacturing, dismantling of existing equipment, delivery 

and erection of new equipment as well as commissioning). 

2.4.5 Lot Quality control of independent institution 

The quality control of independent institution is foreseen which includes material, assembly and 
functional control. The result will be “Exper assessment”. 

NOTICE: according to project development some lots can be accordingly modified (naming, 
equipment distribution, smaller scopes of supplies) what will have no influence on reconstruction 
as described.  
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3. GENERAL REQUIREMENTS 

3.1 UNITS OF MEASUREMENTS 

All units of measurements shall be indicated in SI-System (Système International d'Unités). Metric 
units of measurement are obligatory. 

3.2 LEGISLATION, REGULATIONS AND STANDARDS 

Design, materials, manufacture, and testing of all equipment (the Works) under this Contract shall 
comply with the: legislation, regulations and standards, valid in the Republic of Slovenia. 

Approved group of standards will be the latest editions of: 

a) SIST - Industrial Standards valid in the Republic of Slovenia, 
b) ISO - International Standardization Organization, 
c) EN, CEN, CENELEC - European Standards, 
d) IEC - International Electrotechnical Commission, 
e) DIN - German Industrial Standards, 
f) VDE - Association for Electrical, Electronic and Information Technologies, 
g) FEM Federation Européenne de la Manutention, 
h) ASTM – American Society for Testing and Materials. 

Other approved standards, recommendations and guides of international standard organizations 
and national standards shall be acceptable for particular use provided they ensure equal or higher 
quality than those specified. Proposed standards shall be written or translated to English Language 
and submitted to the Employer for approval. Cross-reference to the listed approved standards shall 
be indicated. 

Particular details on the acceptable Standards for materials and NDT are indicated in Chapter 10.5 
Non destructive tests. 

3.3 SITE CONDITIONS 

3.3.1 Altitude 

All mechanical and electrical equipment shall be designed for use at an altitude not exceeding 
~100 m above sea level. 

3.3.2 Climate 

The main meteorological data to be considered for the design of the equipment are as follows: 

a) Mean max. air temperature  18.3°C 

b) Mean min. air temperature 7.7°C 

c) Absolute maximum air temperature  37.5°C 

d) Absolute min. air temperature -13.0°C 

e) Mean monthly relative humidity 83.7 % 

f) Max. monthly relative humidity (in September) 90.7 % 

g) Mean monthly rainfall 131 mm 

h) Maximum monthly rainfall (in September) 224 mm 
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i) Maximum number of snowy days per year 14 

j) Max. quantity of snow per year 20.6 cm 

k) Max. wind velocity (North-East) 4.0 m/s 

l) Max. expected ambient temperature in the powerhouse machine hall 35°C 

m) Minimum normal temperature in the powerhouse machine hall 5ºC 

3.3.3 Water Conditions 

Water Quality of the Soča River water, which will feed the turbines, is given below: 

Parameter Unit Value 

Water Temperature (sample) 
pH value 
El. conductivity 
Oxigen 
Amonia-ion 
Nitrate 

° C 
 

S/cm 
mg/l 
mg/l 
mg/l 

5.2 
8.4 
260 
13.0 

‹ 0.02 
3.6 

The samples were taken from the Soča river below the Podselo dam. 

The Contractor is advised to repeat water testing upon award of the Contract at reasonable 
intervals and to base the final selection of the affected materials and of protection against corrosion 
on their own findings, all upon the approval of the Employer. 

Max. Soča river water temperature is 21°C and minimum water temperature is app. 3°C. 

3.3.4 Seismic Conditions 

All electromechanical equipment and systems shall be designed to resist earthquake conditions 
and accelerations, as specified in the following: 

The seismic risk and expected ground accelerations in bedrock are: 

Ground: 

a) Design horizontal acceleration:     a = 0.205 g 
b) Maximum expected horizontal component of acceleration: a = 0.305 g 

At the depth of 25m: 

a) Design horizontal acceleration:     a = 0.105 g 
b) Maximum expected horizontal component of acceleration: a = 0.155 g 

Vertical component of acceleration is 70 % of the horizontal one. 

3.3.5 Site Location 

The power plant Site is located in the vicinity of the town of Nova Gorica, near the north - western 
border between Slovenia and Italy and approx 100 km westerly to the Slovenian capital, Ljubljana.  

The Plave 1 HPP (the Site) is located approx. 15 km north from Nova Gorica.  

For detailed Site location see the plant layout in Volume 5 – Tender Drawings.  

The transportation of heavy goods can be carried out on roads or by railway, as applicable. 
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The Contractor shall obtain all information regarding transportation to the Sites and he must select 
by himself the most suitable way for delivery of the equipment to the Site. 

3.3.5.1 Transportation on Roads 

HPP is accessible by national road Nova Gorica - Bovec. 

The road connection from Ljubljana consists partly of a A10 highway (Ljubljana – Razdrto, 56 km) 
and of the main road Razdrto – Nova Gorica, 53 km. Nova Gorica and the Plave 1 HPP 
construction Site are connected via the main road Nova Gorica – Bovec. 

For all transports it is obligatory to consider regulations, which deal with planning and building of 
roads and bridges, as well as regulations considering road safety. These are: 

a) Regulations, covering basic conditions to be considered as regards public roads and bridges 
planning and construction and also road safety regulations,  

b) regulation covering special transport by roads in the Republic of Slovenia, 
c) regulations on loading of bridges, which determine: 

• different kinds of regular and  movable loads on bridges, 
• additional loads on bridges. 

Prior to each oversized transport, the Contractor shall obtain adequate transport permission from 
the Road Administration Service and submit it to the Employer. 

3.3.5.2 Transportation by Railway 

The railway connects Nova Gorica to the port of Koper, to Austria (via Jesenice), to Croatia (via 
Zidani Most and Zagreb) and to Italy (via Trieste).    

The nearest railway station to the Plaver 1 HPP Site is in the small town of Plave, approx. 1 km 
distant from the HPP.  

Clearance profile for normal transportation is in accordance with UIC (Union Internationale des 
Chemins de Fer) standard profile. 

3.3.5.3 Ports 

The nearest ports to the Sites are: 

a) Koper, Slovenia - approx. 85 km from Nova Gorica (by the main road) 
b) Trieste, Italy - approx. 50 km from Nova Gorica (by the Italian highway). 
c) Monfalcone, Italy - approx. 25 km from Nova Gorica (by the Italian highway). 

3.3.5.4 Airports 

The nearest airports are: 

a) Ljubljana, approx. 100 km distant from Nova Gorica and  
b) Ronchi, Italy, approx. 25 km distant from Nova Gorica. 

3.3.5.5 Conditions of Loading, Load Limitations 

The Contractor shall make his own arrangements and inquiries with regard to the loading, 
unloading and transport of all equipment and material required for the Works. He shall make all 
necessary investigations as to the heaviest loads that can be handled at ports or transported to the 
Site by road or railway. In particular with regard to the loading capacities of all relevant bridges and 
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culverts along the transportation way, he shall deal with all applicable regulations of the Republic of 
Slovenia. 

3.3.5.6 Transportation, Deposition and Storage of Equipment 

Transportation, deposition and storage of equipment is described in Chapter 5.6 Erection 
requirements. 

3.3.6 Removal of Dismantled Equipment 

The Contractor shall immediately after dismantling disassemble all the equipment, which shall not 
be used after refurbishment and from which all oil and grease had been removed, to parts of 
dimensions adequate for a normal transport. He shall load all the dismantled equipment to 
transport vehicles for carting off from the Site or shall, exceptionally, deposit it at a temporary 
storage area, according to the Employer's instructions.  

The area for the temporary open storage, which shall be equipped by the Contractor, as well as the 
closed storage area for the minor equipment parts that might still be used, shall be determined by 
the Employer. 

Special attention shall be devoted to dismantling and transportation of the equipment parts that are 
filled with oil or grease. Firstly oil and grease shall be pumped into barrels and transported to a 
temporary storage area, determined by the Employer. Barrels and cisterns shall be provided by the 
Contractor. At packaging and temporary depositing of equipment all the valid regulations on the 
environment and safety protection shall be considered. 

The Contractor is obliged store separately and to handle carefully with the materials, polluted with 
oils or grease (i.e. cloths, containers, etc.). The Contractor shall follow strictly the prescriptions of 
the ISO14001 standard. 

Handling with the civil work wastes the Contractor shall act according to all the provisions of the 
regulations valid on the field.   

All waste materials (e.g. copper, etc) are owned by the Employer. 

3.4 SITE ARRANGEMENT 

3.4.1 Regulations 

Arranging the Site and performing the Works the Contractor shall consider all the stipulations of the 
valid Building Code (i.e. “Zakon o graditvi objektov”), as well as other laws, rules and regulations of 
the field. 

3.4.2 Site Location 

The area, where activities of the Plave 1 HPP refurbishment will take place, is a plant platform at 
the elevation of 89 m a.s.l., which is located directly next to the local road Deskle – Plave and 
which encompasses administrative building, transformer boxes and a nearby 110 kV switchyard of 
HPP and 110 kV transmission system. The area is relatively narrow and allows merely a necessary 
access to the said buildings and equipment during refurbishment and revisions. 

The Site areas (i.e. offices, workshops, storage areas) shall be arranged on the platform of Plave 2 
HPP, which is aprox. 2 km from Plave 1 HPP (direction Deskle).  

Considering the limited space available, that does not enable organising a temporary dump area, 
the Contractors (of lot G, lot T and lot EE) as well as the Civil Contractor shall organise their 
activities in such a way that the heaviest electro mechanical equipment removed, as well as the 
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civil work waste will be to the greatest possible extent transported directly to the permanent dump 
area and also that the new equipment will be transported directly to the spot of installation. 

3.4.3 Access to the Site and Site Arrangement 

The Contractor shall use the existing access road to the Site and existing transport paths inside the 
site area, as shown on the drawings of the Specifications (Vol. 5).  

Should the Contractor at any phase of performing the works need an additional access or would he 
due to erection works close any of the existing paths, he shall act in agreement with the Employer 
and, if necessary, by the assistance of the Employer to acquire a license for it issued by a 
competent administrative body.  

Access to the Site platform (platform in front of the powerplant) is at the elevation of 89 m a.s.l., 
next to the local road Plave - Anhovo. 

Transport from the platform in front of the power plant to powerhouse (erection area) will run 
through access tunnel. Transport of equipment and civil works materials between the erection area 
(i.e. the assembly platform) in the powerhouse and the spots of installation shall be performed by 
means of the main powerhouse e.o.t. crane.  

Arrangement of the Plave 1 HPP Site as a whole shall be within the scope of Works of the Civil 
Contractor (Lot A). The responsible leader of the Site shall be a representative of the Contractor of 
Lot G.  

Considering the condition that reconstruction works shall be performed in phases, the Contractor 
shall provide for an adequate provisional construction (barrier), which will assure adequate 
protection against dust between both parts of the powerhouse (i.e. between the area of Unit in 
operation and the area of the Unit being currently under refurbishment). Also, the construction shall 
enable the e.o.t. crane passage.  

Outlet of the smoke and gasses from the powerhouse to the outside shall, during performing the 
Works, be arranged and also pertaining equipment supplied by the Contractor at his expense. 

The Contractor shall, after the works are finished, eliminate all the modifications and provisional 
arrangements and return them to the original condition.  

Before setting any inscriptive boards, directional boards, etc. at Site, the Contractor shall acquire 
from the Employer a written consent. 

3.4.4 The Site Infrastructure 

The Site area is already sanitarily equipped. Connection to the following infrastructure is available: 

a) Waterworks: connecting to the waterworks is enabled in the existing waterworks shaft; 
b) Sewage system: connecting to the sewage system is enabled in the existing shaft; 
c) Electroenergetic supply – connecting to the existing transformer station (TP10/0.4 kV; 400 

kVA) and foreseen transformer station (TP20/0.4 kV; 630 kVA) is enabled. 
Connection to the infrastructure is within the scope of Works of each contractor. 

3.4.5 Offices, Cloakrooms 

The Contractor shall in the areas and rooms, as confirmed by the Employer, organize, set-up and 
arrange office areas and cloakrooms for his personnel at Site. 

The Contractor shall within 30 days upon signing the Contract submit to the Employer a 
documented proposal for arranging the office areas, cloakrooms, eventual electrical and 
mechanical workshops for the needs of dismantling and erection works. 
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3.4.6 Staff Accommodation and Alimentation 

The Contractor shall provide for the accommodation and alimentation of his personnel at his own 
expense. 

The Contractor shall at his own expense organize and carry out also local transport to the Site and 
alimentation for his personnel during performing the Works. 

3.4.7 Electricity Supply 

For execution of the Works connection to the auxiliary supply will be available to the Contractor. 
The Contractor shall arrange further distribution to local consumers, considering all the respective 
regulations on safety.    

The Contractor shall, after the works are finished, remove all the temporary (provisional) electrical 
installations.  

Electric energy consumption for performing the Works inside the Plave 1 HPP will be at the 
Employer’s expense. 

Connection to and electric energy consumption for performing the Works outside the Plave 1 HPP, 
i.e. on the Site platform, etc., shall be at the expense of the Contractor. 

3.4.8 Water Consumption 

The Employer shall put drinking water within the Plave 1 HPP at the Contractor’s disposal, at the 
Employer’s expense. However, water consumption at the Site platform will be at the Contractor’s 
expense.  

The Contractor shall also provide for the water piping to the spot of use. 

3.4.9 Compressed Air Consumption 

The Contractor shall provide for the compressed air preparation and piping necessary for 
performing dismantling, erection and other pertaining refurbishment works at Site. 

3.4.10 Telecommunications 

Internal communications needed during erection and testing, which are not a part of telephone 
network inside HPP, shall be organized by the Contractor at his expense.     

3.4.11 Sanitation and Hygiene  

The Contractor is responsible for keeping the Site during the whole period of refurbishment of the 
plant in the sanitary irreproachable condition. 

The Contractor will arrange for the sanitary connections on the Site platform (building site area). 

For eventual use of the existing sanitation in the powerhouse the Contractor shall acquire a written 
consent from the Employer in advance. 

3.4.12 First Medical Aid 

The Contractor is obliged to organize the first medical aid service at Site. It shall be provided also 
for the personnel performing testing during commissioning. 
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3.4.13 Other Interventions 

The Contractor shall in due time (of at least 15 calendar days in advance) require an approval from 
the Employer for placing eventual additional necessary auxiliary rooms. 

The claim for approval shall be adequately documented, so that the Employer gets comprehensive 
information. 

The Contractor may not cut down any tree, or other vegetation, nor may he encroach on the 
environment in any other way without the Employer’s consent. 

3.4.14 Restitution of the Site to its Original Condition. 

The contractors shall after finishing the works restitute the Site to its original condition at their own 
expense, i.e. each contractor shall remove all the temporary provisional arrangements he had set 
up at the Site and to restore the condition equal to or similar to the one from before them being set 
up. 

For all the activities of restitution to original condition, he shall acquire consent by the Employer in 
advance. 

3.5 TOOLS AND EQUIPMENT 

The Contractor shall provide all the necessary means for performing the works under this Contract 
on his own (e.g. tools, appliances, protective means, consumable goods). 

3.6 MATERIALS AND WORKMANSHIP 

Materials used in the manufacture of the specified equipment shall be of the kind, composition and 
physical properties best adapted to their various purposes of application, and in accordance with 
the best engineering practice.  

Materials shall be new and of first-class quality, suitable for the purpose intended, free from defects 
and imperfections, and of the classifications and grades in conformity to the latest issue of the 
respective Standards. Material specifications, including Grade or Class, shall be shown on the 
appropriate detail drawings submitted for review and approval. 

The proposed materials shall be indicated in the respective Schedules of Technical Data. 

The materials, used in the design and for the manufacture of the equipment, shall be selected 
carefully for the purpose intended and in due consideration of Site conditions.  

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 workshop practice in design, 
manufacture and operation of final products of a nature similar to those covered by the 
Specification. All equipment shall be of rugged and durable design, designed for safe and reliable 
long-term stationary and transient operation conditions. 

All work shall be performed and completed in a thorough workmanlike manner and shall follow the 
best modern practice, notwithstanding any omissions from the Specification. All work shall be 
performed by the personnel skilled in their various trades. All parts shall be made accurately to 
standard dimensions and tolerances, where possible, so as to facilitate replacement and repairs. 
Like parts shall be interchangeable unless approved otherwise by the Engineer. Incidental fittings, 
fixtures, accessories, and supplies shall be new, of approved manufacture, and of first grade 
quality. 

Should any deviation from a Contract drawing occur during design, manufacture, erection and/or 
testing, the nature of the deviation and the proposed method of rectification shall be reported in 
writing by the Contractor to the Engineer and they may decide whether the part or component of 
the equipment concerned, as rectified, is acceptable. Acceptance of rectification methods by the 
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Engineer shall in no way relieve the Contractor from his obligation to supply parts or components 
which meet the requirements of the Contract. 

3.7 CONTRACTUAL DOCUMENTS AND INFORMATION  

The following clauses specify the information required from the Contractor during the period of 
Contract, the review of documents, the language, and the procedures for the delivery of 
documents. 

Details regarding project design and technical documents are indicated in Chapter 3 of these 
General Technical Specifications as well as in Volume 4.  Particular Technical Requirements. 

3.7.1 General 

The Contractor shall submit to the Engineer: 

a) drawings, design data, samples, patterns, models, operation and maintenance instructions, 
as may be called for therein, or as the Engineer  may reasonably require or as requested in 
the Particular Technical Specifications. The sequence of submission shall be such that 
related information are available for review of each document when it is received. 
Contractor's drawings and design data, submitted formally, shall bear the Contractor's official 
verification that the information shown thereon has been checked by the Contractor and is 
correct for use in the Works except for the drawings of a preliminary nature furnished for 
information only, which shall be clearly identified as such. Before submitting any documents 
for review, the Contractor shall obtain approval for the list of drawings and other documents 
he proposes to submit. 

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 development of the 
project without any delays.  

The Contractor is responsible for submitting all documentation in accordance with a detail program 
to be prepared by him in compliance with requirements of the Tender Documents and approved by 
the Engineer. 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 shall be returned to the Contractor without comments for improvement and 
resubmission. It is solely at the discretion of the Engineer to decide whether the documents are 
acceptable or not. 

All documents, from the very first one, sent by the Contractor to the Engineer shall be properly 
identified according to a drawing classification plan (see also Clause 3.5).  

3.7.2 Specification Stage 

The Drawings issued by the Engineer with these Specifications and forming part of the Tender 
Documents are intended to be descriptive of the character of the Works and used in conjunction 
with the requirements of the Specifications and shall in no way limit the responsibility of the 
Contractor to supply all equipment, materials and services necessary for a complete and functional 
complex. 

Any omission of both Drawings and the Specifications or expressed reference to any detail or Work 
necessary and obviously intended shall not relieve the Contractor from his responsibility to include 
such detail or Work in his supply. 

The final sizes of equipment etc. shown in the Specification and/or Drawings have not been fixed 
by the Engineer, since these depend on the Contractor's design. Some of them, however, are 
limited – see the Tender Drawings. Proposed equipment sizes shall be stated in Volume 2B, 
Schedules of Technical Data. 
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3.7.3 Stages after the Commencement Date 

3.7.3.1 Correspondence 

All technical correspondence shall be addressed to the Engineer. 

All correspondence shall be prepared, codified and numbered in accordance with the procedure to 
be specified by the Engineer.  

3.7.3.2 Progress of Work and Reports 

The Contractor shall submit for the Engineer's approval the details of proposed methods of 
reporting on all aspects of Works throughout the duration of the Project.  

The progress reports shall be set out in a format to be approved by the Engineer. They shall be 
forwarded promptly so that on receipt the information contained therein is not out of date. Three 
copies shall be submitted to the Engineer's offices.  

The reporting system must meet the requirements of the Engineer’s standard reporting formats 
and, shall include as a minimum: 

Monthly Progress Report 
Monthly progress reports shall be prepared by the Contractor and submitted to the Engineer in 
three copies. The first report shall cover the period up to the end of the first calendar month 
following the Commencement Date. Reports shall be submitted monthly thereafter, each within 7 
days after the last day of the period to which it relates. 

Reporting shall continue until the Contractor has completed all work, which is known to be 
outstanding at the completion date stated in the Taking-Over Certificate for the Works. 

Each report shall include: 

a) Charts and detailed descriptions of progress, including each stage of design, Contractor's 
Documents, procurement, manufacture, delivery to Site, construction, erection, testing, 
commissioning and trial operation; 

b) Photographs showing the status of manufacture and of progress on the Site; 
c) For the manufacture of each main item of equipment and materials, the name of the 

manufacturer, manufacture location, percentage progress, and the actual or expected dates 
of: 
• commencement of manufacture, 
• Contractor's inspections, 
• tests, 
• shipment and arrival at the Site; 

d) Copies of quality assurance documents, test results and certificates of Materials; 
e) List of variations - notices given; 
f) Comparisons of actual and planned progress, with details of any events or circumstances 

which may jeopardize the completion in accordance with the Contract, and the measures 
being (or to be) adopted to overcome delays. 

Progress Review Meetings 
Progress review meetings shall be held at monthly intervals. The Contractor's progress reports 
shall be reviewed in detail at these meetings.  
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3.7.3.3 Time Schedule 

The Engineer will keep project realisation terms under control. For the whole project the Engineer 
prepared the general time schedule.  

The Contractor shall submit to the Engineer a detailed work programme.  

The programme shall be prepared according to work phases, for erection/installation of particular 
equipment complexes. 

The Contractor shall co-ordinate the work phases with the Engineer and attain his approval. 

The Contractor shall during the work schedule preparation engage also the Engineer’s supervisors.  

3.7.4 Design and Manufacturing Stage 

The Contractor shall submit drawings, diagrams, graphs, curves and all such information 
necessary to verify that the goods he intends to manufacture fully comply in every respect with the 
requirements of the Contract. 

The Contractor shall submit to the Engineer for his approval the specified Workshop 
documentation (see also Vol. 4, Chapter 6) required for design, manufacture, erection and 
installation. In compliance with the stipulations in the Contract, the Engineer shall review, examine 
and approve or claim that some parts of the documentation be modified or corrected. 

Should there occur any critical points or should one Party disagree with certain solutions, the 
appropriate adjustment shall be made on the basis of mutual agreement or in absence of such 
agreement, by the Engineer’s decision. The Contractor shall not start with the manufacture of 
equipment until all the Workshop documentation has been approved or approved with corrections 
indicated. The Engineer shall approve the documentation or specify the adjustment to be made 
and return it signed. 

The Contractor shall undertake all measures necessary to follow the Engineer’s Instructions and/or 
Requirements.  

The Engineer shall have the right to require from the Contractor to adjust or modify the 
documentation which may be necessary, in the opinion of the Engineer to make the equipment 
conform to the requirements of Specifications without additional costs for the Employer. The 
reviewed and approved documentation shall not relieve the Contractor from his liability to meet the 
Specifications requirements and to fulfill the requirements for the proper performance of the 
equipment supplied. 

In no event shall the approval of documentation relieve the Contractor from his liability to meet the 
Contract Completion dates. 

Where required, the Workshop documentation shall be labeled to indicate the sort of material and 
its treatment, dimensions, allowable variation and other data to prove the overall supplied 
equipment as well as its separate constituent parts are in accordance with the stipulations of the 
Contract. 

The Workshop documentation shall be clear and legible in all respects to enable the reproduction 
of clear copies of the drawings. Each copy shall have number, address, designation, code, number 
of Contract.  

The Contractor shall be responsible for the accuracy and correctness of his drawings. Should 
during the manufacture any need arise for the adjustment of the drawings, the Contractor shall 
submit the corrected drawings to the Engineer for his approval. The corrections or revisions being 
applied, shall be correctly indicated in the referring drawings and/or documents, in order to keep 
the content of the drawings updated. 

On the basis of the Workshop documentation submitted by the Contractor, the method of 
operation, general arrangement of equipment, method of erection, installation, assembly and 
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equipment maintenance as well as the overview of the equipment in conformity with the 
requirements of Contract, shall be clearly evident. 

The corresponding documentation to be supplied is generally defined in Section 3 of this Volume 
and in detail in Volume 4. In addition, all documents and information the Engineer deems 
necessary are to be submitted by the Contractor in a reasonable and/or stipulated time. 

Should during the implementation of the Contract be established that a part of the documentation 
is missing, the Contractor shall complete the missing part of documentation immediately (if 
applicable) but not later than 15 calendar days after registration of the case and/or after the receipt 
of the Engineer’s notice. 

3.7.5 Erection and Installation Stage 

3.7.5.1 Erection and Installation Documents 

Documentation for the Site assembly, erection and installation of the equipment supplied  shall 
comprise all the detailed sketches, drawings, schemes, QM (Quality Management) documentation 
on the supplied equipment and technical instructions for the erection, instructions for the erection 
and installation by phases and protocols on the measurements of each erection and installation 
phase, for operation and maintenance of the supplied equipment that is required for the erection, 
installation and operation of the supplied equipment and its maintenance. 

The Contractor shall hand-over to the Engineer the following documentation: 

A list of all the documents he plans to prepare, 

a) List of all Contractors documents, 
b) The work program for erection – according to logical equipment complexes, 
c) Program of geodetic measurements,  
d) A list of control procedures, 
e) Reports and certificates, 
f) Changes, which arose during erection , marked in the project “For Construction”, 
g) Erection record book, 
h) Program of controls and takeovers for works under the Contract, 
i) Other documentation needed for fulfilling all the requirements from the Contract. 

The sequence of documentation submission to the Engineer is defined in Vol.4 Particular technical 
specifications. All documentation, submitted formally for approval, shall bear official Contractor’s 
identification. The first document to be submitted to the Engineer for approval shall be a list of 
documents, which are to be submitted. 

All documents shall bear the identification (serial) number (designation according to the 
classification to be mutually coordinated by the Contractor and the Engineer). 

All the information, documentation, lists, programs, etc. shall be prepared and submitted for 
approval in terms that shall enable continuous project execution without delays. 

The Quality of documentation shall enable quick approval procedure. The documents, not 
complying to the requirements, shall be returned to the Contractor for corrections and/or 
completion. The Employer and the Engineer shall have the absolute right to decide upon which 
documentation is acceptable. 

3.7.5.2 Erection Record Book 

The Contractor shall keep an up-to-date record book of works, being performed daily at Site. 
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The erection record book shall conform to the Slovenian Construction Law (i.e. “Zakon o graditvi 
objektov”). 

The data in the record book shall be mutually confirmed by an authorized supervisor of the 
Contractor and of the Engineer. 

3.7.5.3 Defects Reports and Deviations 

During the erection and commissioning period the Contractor is to prepare a special report as 
instructed by the Engineer for any failure of equipment or extraordinary case of disturbance 
indicating in detail the failure occurred, the reason for its occurrence and the operational 
consequences. The Contractor shall further describe special activities carried out and his 
preventive measures to allow an undisturbed future operation. 

In this respect, the Contractor shall also refer and interpret the operation monitoring records. 

Additional investigations shall be carried out by the Contractor as instructed by the Engineer, if 
necessary, to define the reason for damage or reconcile contradictions. 

This report shall be subject to the Engineer’s approval. 

Any errors discovered by the Contractor in his own design, or the Engineer’s design and in any 
other Contractor’s design, tests certificates or test reports unless otherwise agreed upon, any 
failure of equipment, and any delays against schedule shall be reported within 5 days after their 
occurrence. 

4. PROJECT DESIGN AND DOCUMENTS 

4.1 GENERAL 

Project design and technical documents shall comprise the following Contractor's and the 
Engineer's documents created for construction of the HPP: 

Detailed Design ("For Construction") used for the equipment fabrication shall be composed of: 

a) The particular Contractor's workshop drawings, diagrams, plans, lists and specifications for 
the Contractor’s scope of supply, approved by the Engineer according to stipulated 
procedures.  

b) The Design Engineer's drawings, diagrams, plans and lists which shall present the 
composition of the different Contractor's workshop documentation, 

Erection, commissioning, operation and maintenance instructions of the equipment applied 
for the Erection, Installation, Site tests, Operation and Maintenance shall be composed of: 

a) The particular Contractor's workshop drawings of pre-fabricated or fabricated equipment and 
components, diagrams, plans, lists, specifications, instructions and manuals for the 
Contractor’s scope of supply, 

b) The Design Engineer's drawings, diagrams, plans and lists, including the auxiliary equipment, 
accessories and installation material supplied by Others. 

As-Built Design shall present the actual as-built status of the equipment before beginning of Trial 
Run.  

All Contractors’ documents shall have a uniform label provided with an approved identification 
number as agreed by the Engineer, regardless the origin of the document. When drawings, 
catalogue sheets, or pamphlets of standards equipment are submitted, the applicable types, 
paragraphs, data, etc., shall be clearly marked.  

The Engineer reserve the right to request from the Contractor additional documents as may be 
required for proper understanding and definition of constructional and operational coordination. 
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The Engineer shall have full power and authority to supply the Contractor such further drawings 
and instructions as shall be necessary for the proper and adequate performance of Works. 

The Contractor shall cooperate with other Contractors, using the Engineer as a link, to exchange 
drawings, dimensions, data and all other information required to ensure proper coordination of the 
Works. 

On each revision of documentation changes from previous revision must be described on heading 
of the document as well as clearly marked on the place of change. 

The Contractor shall not be released from his responsibility, guarantees and other contractual 
obligations after drawings and calculations have been approved by the Engineer. 

4.2 DRAWINGS 

4.2.1 Loading Drawings 

The Contractor shall submit obligatory dimensional and loading drawings for all larger pieces of the 
equipment, which require special means for their transportation. Dimensions, weights, etc., of the 
respective pieces of equipment and the necessary trailer type for its transportation to the Site shall 
be clearly indicated taking into account the transportation restrictions.  

4.2.2 Foundation Plans 

If a piece of the equipment requires its own foundation or needs a special area for installation, the 
Contractor shall submit drawings indicating all pertinent dimensions, static and dynamic loads, etc. 
They shall include all essential details required for proper design and construction of the 
foundations and/or buildings. All openings, sleeves, slopes, and arrangement of any supporting 
structure, i.e. base-frames or other steel constructions for permanent fixing or erection and 
installation purposes shall be included. 

If piping are to be installed in or on the foundations, the relevant information such as diameter, 
length, and purpose shall be indicated in the drawings. 

4.2.3 Arrangement Drawings 

All arrangement drawings shall be prepared according to scale. The General Arrangement 
Drawings shall show the physical arrangement of equipment units (e.g. machines, complete switch 
gears, control panels, instrument cubicles, etc.). Civil constructions (channels, rooms, foundations, 
etc.) and preserved areas (for pipes, cables, lines, etc.) in relation to each other and to agreed 
location coordinates and boundaries shall be prepared by the Engineer for the whole plant. 

The Arrangement or Layout Drawings of electrical and instrumentation and control equipment shall 
indicate the location of all apparatus wherever used, i.e. in or on machines, control boards, 
switchboards, cubicles, control desks and panels, etc. The apparatus shall be denominated with 
the Equipment identification system as described later on in this Section. 

4.2.4 Dimension Drawings 

The Dimension Sketches and/or Outline Drawings shall show all elements and the main 
dimensions of individual construction units where necessary, with plan, section, side and top views. 
If reasonably possible, such dimensions may be shown on Arrangement Drawings. 
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4.2.5 Execution Drawings 

These shall include the shop manufacturing drawings, assembly drawings, erection and installation 
drawings, piping diagrams and piping arrangement drawings, etc., showing the dimensions, design 
and data of all equipment to be furnished under this Contract. 

The drawings shall substantially conform to the Tender Drawings and shall show: 

a) Details of manufacturing, and technological treatment of each main single piece, specially 
manufactured for this Contract, 

b) Assembly of the equipment in plan and elevation with main dimensions, 
c) Sub-assembly of the principal components of the equipment with overall dimensions, 

adjustment and clearance tolerances, numbers of corresponding detail drawings, 
d) Sub-assemblies in which the Contractor proposes to transport the equipment, 
e) All necessary details of the parts connecting to equipment supplied by others, 
f) Location and sizes of auxiliary connections for oil, grease, water, compressed air, etc., 
g) Location and size of the instruments and accessories provided, 
h) Methods of lubrication, sealing and cooling, 
i) Instructions for heat treatment (if any), pressure tests, functional tests, surface preparation 

and protection against corrosion, disassembly and re-assembly of the main components, 
j) Full details of parts for which adjustment is provided or which are subject to wear, 
k) Method and sequence of erection and installation, Site joints, erection and lifting devices, 

jacks, grout plugs, anchoring details, etc., if not shown on foundation drawings. 

4.2.6 Mechanical and Electrical Installation Drawings 

The Mechanical, Electrical or I & C Installation Drawings shall provide detailed information on the 
disposition of the various items of a system (e.g. lighting fixtures, socket outlets, connection boxes, 
transmitters, actuators, pipes, valves, pumps, compressors, etc.) and of the piping respectively, 
wiring comprised in the installation or assembly. They shall be based on dimension drawings and 
plans of cubicles, rooms, buildings or areas containing the equipment. 

4.2.7 Cable Routing Drawings 

The Contractor shall prepare all the related cable routing drawings identifying all needed routes to 
and on installed equipment. System of fixation of cables and supports to and on his equipment 
shall be indicated. 

4.3 DIAGRAMS 

For electrical diagrams, generally refer to IEC 61082. 

4.3.1 Single-Line Diagrams  

This is a simplified diagram of the essential electrical equipment and their interconnections. All 
circuits are represented by a single line only. It shall contain all required technical information of 
the equipment represented, e.g. voltage, current capacity, short-circuit level, ratios, voltage 
variations positive and zero sequence impedance, measuring transformer and protection relay 
indices, interlocking, kind of switch drive, code designation, etc. 

Single-line Diagrams of individual main components and switchboards shall additionally show the 
control, indicating, measuring, metering, protection, automatic, and other auxiliary electric devices 
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(also rheostats, hygrostats, cables and boxes, etc.), separated for each individual installation site 
and location as applicable. 

4.3.2 Circuit Diagrams 

The Circuit (or Elementary or Schematic) Diagrams shall show the power circuits in all phases with 
the main control devices, as well as the pilot circuits,  like measuring and control circuits. It shall 
show in full the functioning of part or all installation, equipment or circuit with all the required 
technical information. Circuit diagrams shall also contain all terminals and their correct 
designations. Furthermore, the applied recommended setting of adjustable devices (protection and 
control elements, time relays, etc.) shall be indicated. 

4.3.3 Connection Diagrams 

The Internal Connection (or Wiring) Diagrams shall show the wiring or conduit connections either 
within one apparatus, or between several apparatuses of one group. They shall contain the single 
components or apparatuses of one group arranged in the proper physical location including 
terminals and terminal boards.  

The External Connection or Interconnection Diagram shall show the external wiring or conduit 
connections between different units of the installation. For each terminal all connection points 
(inside and outside) must be indicated as well as the connection itself (cable wire and cable). For 
each terminal also cross reference to circuit diagram must be given. 

4.3.4 Block Diagrams 

The Block Diagrams shall be used to show in a simplified manner the main inter-relationships 
between the elements of a system by means of symbols, block symbols and pictures without 
necessarily showing all the connections. The symbols used for the individual kinds of components, 
e.g. servo-motors, amplifiers, computing modules, etc., shall clearly be explained on the diagram 
or on an attached legend. 

When applicable, a Block Text Diagram may consist essentially of explanatory texts enclosed in 
outlines that are linked by lines showing the functional relationships that exist between the various 
parts of an installation, equipment, or circuit. 

Detailed Block Diagrams, and/or typical samples presenting e.g. control, protection, alarming 
and/or computerized functions shall be prepared by the Contractor. 

4.3.5 Functional Diagrams 

Functional diagrams shall be given for each technological group listed in Volume 4 Particular 
Technical Specification. Description will be used as a requirement specification for automation 
system realization.  

The following forms of presentation can be used: 

a) text, 
b) diagrams,  
c) tables, etc. 

Each description requested in this Clause shall consist of the following minimum content: 

a) Related documentation 
Related documentation identified by Document Identification numbers and titles shall be 
given. 

b) Overview 
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A short description – overview about the process, the functions of the process control and 
measurements shall be given. 

c) Mission and general structure of measurement and control system 
The philosophy of the measurement and control system shall be outlined. Targets, which 
have to be achieved, shall be defined. 

d) Process and Instrumentation Diagrams 
A P&I diagram of the process which shows the piping of the process flow together with the 
installed equipment and instrumentation shall be given. 

e) Process interface 
Descriptions shall cover automation system interface, related process measurements, 
indications and actuators. References to list of measurements, indications and actuators shall 
be given. 

f) Intersystem interfaces 
The automation system inter-relations to other automation groups shall be defined. Related 
external measurements, indications and actuators shall be described. 

g) Specifications of functions 
Descriptions of functions shall consist of principal functionality regarding process control and 
generated messages in case of unusual process conditions. The implementation shall not be 
described. 

Description of expected system functionality when all systems and all process interfaces are 
available and operating normally, shall consider: 

• Description of automation requirements in normal conditions. It shall include control 
limits that are to be reached, requested performance of automation group like speed, 
tolerances. 

• Description of functionality if, from whatever reason, disturbed functionality of 
technological group is detected (measuring variable out of normal range, some special 
indication detected, etc.) 

• Proposed inter-relation to other automation group 

• Proposed measures to avoid excessive wear of redundant actuators 

• Proposed measures to meet symmetrical wear of redundant actuators 

Description of functionality in the following exceptional operating conditions: 

• Process interface disturbance like failure of process measurements/indication, failure 
of process actuators 

• Other system disturbances like failure of other system measurements/indications, 
failure of other system actuators  

• Power supply disturbance. Operation of automation group in case of switching to 
emergency diesel generator set shall be described. Special attention shall be paid to 
minimize the requested power demand of the technological block and to reduce current 
peaks produced by simultaneously switching on large power consumers. 

h) Availability of system 
Requirements regarding automation system availability shall be listed 

i) Safety requirements 
Special requirements and precautions for personnel and device protection shall be specified. 

http://en.wikipedia.org/wiki/Process_industry
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4.3.6 Process and Instrumentation Diagrams 

The Process or P & I Diagrams shall show the piping including type, dimensions, fittings, flanges, 
etc., and the flow directions. They shall also show the process data and the instrumentation and 
control functions. 

Also, the following information shall be included on the diagram: 

a) Equipment shall be identified with identification code.  
b) For electrical actuators (valves, motors etc) nominal voltage and power shall be given.  
c) Each process signal (input or output) shall be identified with process signal code. 

4.3.7 Terminal Diagrams 

These diagrams shall be prepared for any type of terminal box, marshaling rack, control cubicle, 
switchboard, etc., and shall show the properly numbered terminals and the internal and/or external 
wires or cables connected to them. Each connection point must have also corresponding cross 
reference to circuit diagram where connection is documented. 

The terminal diagram of each individual switchboard, terminal box, panel, etc., shall contain, but 
not be limited to the following information: 

a) Terminal number of terminal board with targets (terminal number and current path) of 
incoming and outgoing cables and wires, 

b) Cable designation, 
c) Type of cable, 
d) Number and cross-section of conductors, 
e) Assignment of conductors, 
f) Number of spare conductors, 
g) Approximate length of cable and its destination, 
h) References to other documents shall be given. 

4.3.8 Cabinet Diagrams 

Cabinet Diagrams must be prepared for each cabinet. 

Following information must be displayed: 

a) dimension of equipment, 
b) exact location for each part of equipment in cabinet (with reference name), 
c) cable and wiring layout 
d) cable glands and other construction accessories, 
e) external and internal appearance of the cabinet 

4.3.9 Protection Coordination Diagrams 

These diagrams shall show in a graphical manner separately for each power supply circuit: 

a) A simplified single-line diagrams of the circuit with technical data of all instrument 
transformers and relays, 

b) Coordinated tripping curves of related protection devices, 
c) Setting of the protection devices. 
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4.3.10 Operation Diagrams 

These diagrams shall show in a graphical manner the performance of equipment depending on 
different parameters as applicable for this project (for instance prototype turbine efficiency hill 
diagram with curves of expected constant efficiencies, outputs, discharges net heads, respectively 
suction heads, generator capacity diagram, electric machines no load and short circuit, heath-run 
diagram, etc.). 

4.3.11 Name Plates 

Each separate part of equipment, pipes, parts of systems and equipment shall be visibly marked 
by the Equipment identification code, which has to comply with the list of equipment and with the 
codes indicated on drawings, operating manuals and other documents. 

Before manufacturing, the Contractor shall prepare and send for approval to the Engineer the list of 
name plates with text, dimensions, and appearance, as required in other items of this Volume. 

4.4 LISTS AND SCHEDULES 

After signing the Contract, the Contractor shall obtain samples of the lists prepared by the Design 
Engineer. 

4.4.1 List of Documents 

A List of all documents that will be prepared by the Contractor for all particular functional groups of 
equipment supplied under this Contract shall be supplied. 

4.4.2 List of Material and Equipment 

Lists of Material and Equipment shall be prepared for all contracted material and equipment. They 
shall include: 

a) Short name of item, 
b) Equipment identification designation 
c) Manufacturer, type and order code, 
d) Reference to the drawing or the related page of documents where the item is shown, 
e) Principal technical data, to obtain: 

• Full information on the equipment, completing the general requirements fixed in the 
Contract Specification by the data and information of the specific manufacture, 

• Proof of compliance with Contract Specification. 
The technical data of electrical equipment shall include: 

a) Max. permissible ambient conditions (temperatures, humidity), 
b) Rated current and rated output/capacity, 
c) Same data as above under specified severest site conditions, 
d) Rated voltage and ratio or regulation/setting range, 
e) Max. service voltage (acc. to IEC Standards), 
f) Power frequency and impulse withstand voltages, 
g) Short-time (1 sec.) current rating and design fault currents as max. dynamic (sub-transient), 

peak and breaking current, 
h) Ratio, burden and accuracy of measuring transformers and transducers, 
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i) Type and order code of protection relays and of instantaneous or thermal releases directly 
attached to circuit breakers and contractors, 

j) Power requirements for each voltage level (a.c./d.c.), 
k) Rated speeds, etc. 
l) Data on EMC compatibility (compliance to leading laws, related technical regulations and 

standards). 
For standard equipment (for example valves, switchgear, el. motors, driving and control gears, 
relays, transmitters, indicators) sheets of catalogues are acceptable as attachment. Clear marking 
of applicable data is requested. 

The list of equipment shall be furnished to the Employer in the form of: 

a) Paper listing in 3 copies 
b) Electronic media  

For specific type of process equipment with electrical connection (sensor, actuator, motor etc) 
"Equipment connection Form" must be filled-in and included. After signing the Contract, the 
Contractor shall obtain sample of this form. 

4.4.3 List of Power Consumers 

The Contractor shall prepare a list of power consumers for each a.c. and d.c. voltage level as 
requested by each functional group of his equipment. Enough data shall be given to enable proper 
design of HPP's power supply systems supplied by Others.  

List of Power Consumer shall present: 

a) Equipment identification designation 
b) Name/Description 
c) Nominal power 
d) Ratio of inrush to rated current 
e) Nominal voltage 

4.4.4 List of Motors 

The list of motors shall contain at least the following information/data: 

a) Identification designations according to Equipment identification system, 
b) Manufacturer, type, order code of electric motor, 
c) Rated capacity, 
d) Rated speed, 
e) Rated voltage, 
f) Rated current, 
g) Duty type, 
h) Class of rating,  
i) Ratio of inrush current to rated current, 
j) Ratio of pull-out torque to rated torque, 
k) Power factor at rated capacity, 
l) Efficiency at rated capacity, 
m) Power consumption at machine design loading, 
n) Total weight, 
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o) Design, cooling, enclosure and terminal box degree of mechanical protection IP,  
p) Starting method/permissible starting frequency, 
q) Maximum number and overall diameter of power cable(s) on terminal box, 
r) Manufacturer, type, order code of bearing(s), 
s) Manufacturer, type, order code and quantity of lubricant, service interval, 
t) Manufacturer, type, order code, number size, spring pressure and service interval of brushes. 

4.4.5 List of Cables for External Connections 

Lists of Cable Types shall include the calculation of conversion factors for current carrying capacity 
reduction for each particular mode of installation at applicable ambient temperatures and grouping 
of cables, and furthermore, for each cross section. 

Lists of Cables shall contain the following technical information as a minimum: 

a) Manufacturer,  
b) Type, 
c) Number of wires and cross section,  
d) Order code of cable, 
e) Overall diameter, 
f) Maximum bending radius, 
g) Core identification standard, 
h) Cable identification designation, 
i) Destination description. 

4.4.6 List of Measurements  

Data must be listed for each analog measurement. This list shall contain at least: 

a) Measuring transmitter's, Equipment identification designation,  
b) Identification code of datapoint measurement, 
c) Unit of measurements, 
d) Operating range for measurements, 
e) Transmitter operating range, 
f) Secondary operating range. 

4.4.7 List of Tools and Appliances 

The following data are requested for all tools and appliances included in the scope of supply: 

a) Item name and Equipment identification designation, 
b) Description and technical data, 
c) Manufacturer, 
d) Quantity, 
e) Weight, 
f) Storage requirements.  
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4.4.8 List of Spare Parts 

The following data are requested for all spare parts included in the scope of supply: 

a) Item name, 
b) Equipment identification designation of related (installed) equipment, 
c) Description and technical data, 
d) Manufacturer,  
e) Type  
f) Order code, 
g) Quantity, 
h) Weight, 
i) Storage requirements.  

4.4.9 List of Equipment and Datapoint Identification Designations 

Lists of equipment and datapoint Identification designations used by the Contractor for his 
equipment and components shall include: 

a) Item name and short description, 
b) Item's identification designation. 

For each equipment which forms input and/or output datapoints for the control system the following 
data related to each datapoint shall be included: 

a) Datapoint identification designation 
b) Item's identification designation. 

4.4.10 List of digitally exchanged signals 

List shall include all signals which are to bo digitally (via communication link) exchanged between 
communication nodes (controllers, systems etc.) 

 This document shall completely define the following: 

a) Communication protocol including all options,  
b) Meaning and data organization of each message and part of message 

4.4.11 Workshop and Site Test Schedules, Programs and Reports 

Workshop and site tests schedules programs and reports shall meet the following requirements as 
applicable: 

4.4.11.1 Test Schedules 

Individual Test Schedules shall be prepared and shall contain at least: 

a) Item's Equipment identification designation, 
b) Manufacturer, and origin of manufacture, 
c) Place of test, 
d) Date of test, 
e) Kind of test (all individual tests), 
f) Standards applied, 
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g) Certification, 
h) Inspection witness or hold points,  
i) Release for transportation, 
j) Remarks. 

The Test Procedure shall be specified for each test item giving a description, test 
method/Standards, applicable instruments, sample/routine test, test judgment. 

4.4.11.2 Program of Technological Group Test 

The Contractor shall prepare Program of Technological Group Test for checking the overall 
functionality. 

The following forms of presentation can be used: 

a) Text, 
b) Diagrams, 
c) Tables, etc. 

Each description shall consist of the following minimum extent: 

a) Related documentation 
Related documentation identified by Document Identification numbers and titles shall be 
given. 

b) Function to be tested 
Related documents containing description of the function and the performance to be tested 
with indicated expected values or margins, such as "Description of technological group 
automation", shall be included. 

c) The test environment 
The description shall specify equipment, tools and test environment and define how the 
process part of the system is to be configured and connected. 

d) Test result documentation 
The structure and the contents of the test report shall be given. 

e) Test procedure 
The test program shall be given in details. If some test sequences and conditions are 
described in any other document, a clear relation and reference shall be made to document 
and to relevant clause.  

The test procedure will be normally split up into several steps, with the test of one group of 
function in each step. Each step shall be identified by a code, clause number, name or 
similar, to be able to relate the test result in test report. A certain step shall be clearly related 
to a certain function in order to verify that all functions have been tested. 

Process conditions that may affect the test results shall be defined for each step.  

4.4.11.3 Technological Group Test Report 

Technological group test report shall be prepared for each technological group. Following the 
above-mentioned descriptions, the test report shall consist of the following minimum contents: 

a) Related documentation 
Related documentation identified by Document Identification numbers and titles shall be 
given. 

b) Function to be tested 
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The equipment, system sub-system, or function tested with indicated expected values or 
margins shall be specified. An extract of "Description of technological group automation" may 
be enclosed as a guide.  

c) The test environment 
Equipment, tools, and test environment shall be listed in accordance to previously determined 
test specifications. Any special tool not specified in test specification shall be described or 
referenced to related documents where applicable. 

d) Test result documentation 
The test results shall be documented according to the structure and the contents of the test 
specifications. Each step of testing shall be identified with code specified in test 
specifications. Any special input, or test condition, not specified previously, shall be recorded 
in test report.  

4.5 IDENTIFICATION DESIGNATIONS OF EQUIPMENT AND COMPONENTS 

This chapter contains requirements for identification designations of equipment and components 
used in design documents. 

The Equipment and Component Designations shall be mandatory implemented. 

After signing the Contract, the Contractor will receive the Manual for Identification of Equipment 
and Components (KKS HSE – TS). 

The Contractor is bound to become familiar with and to apply the said system without limitation in 
connection with his scope of Work.  

The Contractor shall be responsible to fully comply to the above mentioned documents for his 
scope of Work, regardless the sub-suppliers origin of the equipment.  

4.6 CALCULATIONS 

In addition to the drawings or whenever the contractual documents may so require, the Contractor 
shall submit to the Engineer for approval: 

a) the appropriate calculations for determining the main sizes, dimensions, stress and strain 
data, operational characteristics and limitations of all main equipment components, the 
information on the numerical (esp. FEM, CFD) methods being used.  

4.7 ERECTION AND COMMISSIONING INSTRUCTIONS 

The Contractor shall submit to the Engineer for approval: 

a) All information necessary for a satisfactory and effective erection, assembling, installation, 
Site testing, Commissioning and Trial run of the equipment.  

Detailed instructions for the erection and installation of the equipment shall be submitted together 
with reduced-size copies of applicable drawings showing the Site assembly, erection and 
installation sequences. The instructions and drawings shall include information on handling and 
slinging the major pieces of equipment, erection and installation tolerances, special procedures 
foreseen to be applied (e.g. spot grinding with a blue paste) and special limitations and 
precautions to be taken at erection and installation.  
Particular requirements for erection and installation conditions and procedures that are to be 
assured by Others shall be clearly indicated. 
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4.8 OPERATION AND MAINTENANCE MANUALS  

4.8.1 Contents 

The Operation and Maintenance Manuals provided by the Contractor for his scope of Work shall 
contain the following information in sufficient detail to enable the Employer to operate, maintain, 
dismantle, reassemble and adjust all parts of the equipment supplied – in Slovenian language: 

a) Table of Contents 
List of Illustrations (drawings, sketches, diagrams, etc.) 
Introduction which shall contain: 
• A brief general description of the equipment 
• A brief description of the use of the equipment 
• Definitions of technical terms used in subsequent graphs of the instruction book 
• A complete list of all items used in accordance with the Equipment Identification System, 
• Description of dangers and safety requirements: 

b) Detailed Description 
• Detailed description shall contain a comprehensive data and information on all the 

equipment, components, and accessories, their assembly, dismantling and re-assembly, An 
accurate list of clearances, tolerances, temperatures, fits, etc. shall be included. 

c) Operating Principles and Characteristics 
• A brief summary of the technical operating basis of the equipment, including diagrams, 

circuit diagrams, sequence diagrams, piping as well as limits of operation capability. 
d) Operating Instructions 
• The instructions shall contain the sequence of particular manipulations required for 

operation. Tables, lists and graphic presentations should be used whenever possible for 
making the description readily understandable. An extensive trouble-shooting list shall be 
included in this Section. 

• The operating instructions shall also include special operating conditions and operation 
limitations. 

• Procedures for intervention in case of special operational events (such as Unit runaway, 
loss of governor oil pressure, breaking of guide vane shear pin, inability to stop the Unit, 
etc.) shall be described in detail.  

• Also detailed instructions on particular systems manual control shall be prepared. 
• Operation instructions for all standard equipment being integrated to the Contractor's 

equipment shall be mandatory included. 
e) Testing and Adjustment in the Workshop and at the Site 
• The entire testing and adjustment procedures required in the Workshop and at the Site for 

the equipment after overhauls and during operation shall be described. 
f) Maintenance Instructions, this section is divided into six paragraphs: 
• Preventive maintenance: indicating the inspection required at regular intervals, the 

inspection procedure, the routine cleaning and lubricating operations, the regular safety 
checks and similar steps. 

• Repair and adjustment: describing the inspections, assembly and dismantling of parts, fault 
tracing as well as repair and adjustment procedures. 

• Spare parts list, containing all the necessary data for ordering (manufacturer, type and 
order code). 
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• Tools list: containing all necessary data for identification of tools to be supplied under the 
present Contract. 

• List of suppliers: and alternative suppliers and addresses. 
• Maintenance instructions: for all standard equipment being integrated to the Contractor's 

equipment. 
Operation and maintenance instructions including drawings shall be submitted to the Engineer 
prior to the beginning of Trial Run. The scope of documentation includes as well all the QM 
(Quality Management) documentation, certificates, required calculations and other evidence on the 
quality of the separately installed parts, equipment, operation and maintenance instructions in a 
form of manuals, for the equipment supplied by the Contractor including the Contractor's Sub-
suppliers. 

The Contractor shall furnish to the Engineer complete Manuals of Operating and Maintenance 
Instructions for his scope of supply.  

4.8.2 Form of Documentation 

The Engineer reserves the right to specify a uniform cover (loose leaf binder) for all Operating and 
Maintenance Instructions prepared by the various contractors for individual lots. The Contractor 
shall not be entitled to claim extra payment because of this requirement. 

Furthermore, the Engineer may request the Contractor to adapt particular drawings like single line, 
wiring, terminal diagrams, etc. to drawings of another Contractor in order to facilitate maintenance, 
surveillance, troubleshooting, repair of faults, etc.  

Each type of drawing mentioned previously shall have a uniform size. The final size of drawings for 
the Operation and Maintenance Manuals shall be decided by the Engineer.  

Catalogue sheets, illustrations, printed specifications, etc., shall be checked and prepared by the 
Contractor in such a way that the figures, statements and data valid for the supplied sizes and 
types of the equipment concerned are clearly marked.  

4.8.3 Revisions and Supplements 

The completeness of the Manuals shall be checked during erection, installation, Site testing, 
Commissioning, Trial Run and Training of the Employer’s personnel jointly by the Contractor, the 
Employer and the Engineer. 

The Contractor shall immediately submit all the necessary supplements and corrections if the 
Operation and Maintenance Manuals are found changed, inadequate or incorrect.  

4.9 "AS-BUILT" DOCUMENTS 

The Contractor shall provide and keep up-to-date “As-Built drawings as erected and installed at 
Site" of all Works erected or installed. These drawings shall show all changes or revisions from the 
"issued" drawings and specifications, including the exact "As-Built" locations, sizes and kind of 
Works. Copies of these drawings shall be furnished to the Engineer, but they shall be kept 
temporarily at the Contractor’s office at Site and used only as a record set. 

"As-Built" drawings and other documents shall be prepared by the Contractor for all equipment 
supplied and modifications carried out by him. 

The Contractor shall receive from the Engineer, before beginning of particular works, 2 (two) 
copies of the project “For Construction”, which shall be prepared by the Design Engineer.  

The Contractor shall in both copies of the “For Construction“ project mark all the corrections of 
errors he finds and all the modifications, which arose during the works at Site. This documentation 
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shall, together with other comments prepared by the Engineer, serve as a basis for preparation of 
the “As-built” documentation issued by the Design Engineer. 

4.10 LANGUAGE 

Drawings, catalogue cuts, illustrations, printed specifications and instructions, shall be in Slovenian 
or English language in case of a foreign Contractor, and in Slovenian language in case of a 
Slovenian Contractor. 

All name plates and warnings, maintenance and operation manuals, erection instructions and “As-
Built” drawings shall be in the Slovenian language.  

4.11 REVIEW OF DOCUMENTS 

For the purpose of this Clause the term "Drawing" shall include drawings, diagrams, schedules, 
performance curves and other technical documents. 

Three (3) copies of each Drawing shall be furnished to the Engineer for review and approval. 

Whenever any document made by Contractor is sent to the Engineer also electronic version (in 
native format – e.g.: .dwg, .xls, .doc) of the same document on appropriate medium (CD or similar) 
may be required, too. If applicable, also all supporting files required for producing paper version 
(printing definition files etc.) are to be included. Fulfilling these requirements does not release the 
Contractor from the obligation to send a final AS-BUILT documentation in electronic form. 
Arrangement of files on the electronic medium shall follow guidelines given by the Engineer.  

All drawings and other documents submitted by the Contractor shall be of one of the following 
sizes which conform to the DIN 476 Standard. 

Size: Dimension in mm: of trimmed drawing and trimmed print (finished sheet) 
A0 1,189 x 841 maximum 
A1 841 x 594 
A2 594 x 420 
A3 420 x 297 
A4 297 x 210 

Folded to size A4 with margin for binding. 

The following scales shall be used: 

a) For reductions: 1:2.5; 1:5; 1:10; 1:20; 1:50; 1:100; 1:200; 1:500; 1:1000, 1:2000, 1:2500 
b) For enlargements: 2:1; 5:1; 10:1. 

In addition to the sizes mentioned above, horizontally extended sizes are permissible, for example 
for circuit diagrams, wiring diagrams and route plans; these shall have the following dimensions: 

Height:  297 mm (A4-height) 

Length:  x 210 mm, that is to say a multiple of A4 length. 

For the drawings, a grid reference system with reference codes shall be applied. 

Relevant documents to be submitted for approval shall include at least the following items fully 
compliant with the related equipment:   

a) cover sheet with title and document identification designation, 
b) table of contents, 
c) introduction giving explanation of the submittal, 
d) list of symbols, colors or abbreviations used in submitted documentation, 
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e) dimension drawings,  
f) arrangement drawings, 
g) functional diagrams and descriptions, 
h) single line diagrams, 
i) circuit diagrams, 
j) terminal diagrams, 
k) lists of material and equipment, 
l) other documents according to the contents of submittal. 

One copy shall be returned to the Contractor marked with: 

a) “A – potrjeno”, i.e. APPROVED, or 
b) “B – potrjeno z označenimi pripombami”, i.e. APPROVED WITH CORRECTIONS 

INDICATED, or 
c) “C – zavrnjeno”, i.e. NOT APPROVED - RETURNED FOR CORRECTIONS, or 
d) “SZI – samo za informacijio”, i.e. FOR INFORMATION ONLY. 

Drawing marked "Approved" has been checked and approved with regard to the main dimensions, 
compliance with the overall arrangement and with the Specifications. The Contractor is responsible 
for design, calculation and detail dimensions. 

The Contractor shall be responsible for design, calculations and detail dimensions of components 
and the entire equipment of its supply. For important calculations, the crosswise checking by 
different Contractors involved may be required. 

Drawings marked “Approved With Corrections Indicated” or "Not Approved - Returned for 
Corrections" have been checked for main dimensions, compliance with the overall layout and with 
the Specifications, and are to be returned for the necessary corrections. The Contractor shall make 
the necessary modifications and resubmit three copies to the Engineer for approval, within 10 
working days after the receipt. Every revision shall be shown by number, date, and subject, in a 
revision block. In addition, each revised drawing shall have its latest revision clearly delineated. If 
the revisions are not indicated, the Drawing shall be treated as “NOT APPROVED”, with all 
consequences according to the Contract. 

Prints marked "Approved" and "Approved with Corrections Indicated" authorize the Contractor to 
proceed with the construction or fabrication of equipment covered by such drawings with 
corrections, if any, indicated therein, provided, that the Contractor agrees with  corrections 
indicated.  

The Contractor shall send three copies of the approved drawings stamped "FOR 
CONSTRUCTION" and on electronic media without delay.  

The review shall not relieve the Contractor of the responsibility for conformity with the Contract and 
for correction of details and fitting of parts when installed. 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 or not. 

No revision affecting the design shall be made after a drawing has been "approved" without 
resubmitting the revised drawing for approval.  

For the documentation preparation, the following software applications shall be applied: 

a) Autodesk AutoCAD 2010 or higher for drawings,  
b) Microsoft Excel 2007 or higher for tables and lists, 
c) Microsoft Word 2007 or higher for descriptions and text. 

The Contractor shall principally describe the CAD program and computer hardware that will be 
used for design. In case a sufficiently high compatibility level is achieved with the above requested 
tools, use of other tools will be approved by the Engineer.  
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All drawings which have been “Approved” or “Approved with Corrections Indicated” shall become a 
part of the Contract Documents. 

After the third submission of any of the drawings for review, the costs incurred by the Engineer for 
the review shall be charged to the Contractor 

All applicable requirements of the above with reference to the drawings shall apply equally to 
design data, catalogue pages, illustrations, printed specifications, or any other similar data 
submitted for review. 

The Contractor shall make available copies of detailed workshop drawings or calculations if so 
requested by the Engineer. Any such drawing or document and all other drawings or documents 
serving the purpose of information only shall not be stamped. 

The Contractor shall make any changes in the designs which are necessary to make the 
equipment conform to the provisions and intent of the Contract, without additional cost to the 
Employer. 

Should an error be found in a Contractor's drawing during the erection or installation of the 
equipment, the correction, including any Site changes found necessary, shall be noted on the 
drawing and it shall be resubmitted for review and approval as outlined above without additional 
cost to the Employer. 

4.12 DOCUMENT REVIEWING PERIOD 

The Contractor shall ensure that drawings, calculations, designs etc. for review are forwarded to 
the Engineer in due time to allow enough time for examination of the drawings in the Engineer's 
office to permit corrections and comments to be made and the drawings re-submitted for approval 
without delaying the program deliveries or the guaranteed completion dates of the Works. 

At three month intervals the Contractor shall submit copies of the drawing schedule showing the 
actual status i.e. preliminary, completed, modified or approved. 

Drawings and calculation notes submitted by the Contractor to the Engineer for reviewing shall be 
returned to the Contractor, bearing the Engineer's stamp of revision, or any remark he may have, 
within fifteen (15) working days of their receipt in the Engineer's office. 

Should the Engineer deem a longer period necessary for checking certain drawings, he shall 
inform the Contractor of that in writing within 10 working days of their receipt. 

Any revised Contractor’s drawing or diagram or any revised information which has not been 
approved earlier by the Engineer shall be returned within 10 working days after the receipt of the 
Engineer’s notice, if not otherwise agreed.  

5. VARIUS REQUIREMENTS 

This chapter contains requirements for standards, identification, packing, marking, transport, 
storing and erection. 

5.1 STANDARDS 

5.1.1 General description 

Unless otherwise especially specified in this Contract, the equipment furnished by the Contractor 
shall be designed, manufactured, tested and erected according to latest edition of standards and 
codes listed herein. If there are contradictions between standards, the one having the most 
conservative requirements shall be the one followed by the Contractor. If the Contractor prefers 
standards not included in this Contract, they shall be submitted to the Employer for review and 
analysis. Such standards may only be adopted after they have been demonstrated by the 



LOT T   
Project No.: HIP1---5809 
 
 

 

 

page: 46/117 

Contractor to be equal or superior to those specified in this Specification, and a written agreement 
has been obtained from the Employer. 

Standards submitted for Employer's review shall be in English. The standards used shall be noted 
in drawings and instructions of equipment. 

Abbreviations of the titles of official bodies which issue Standards or Specifications whenever 
referred to in this Specification are as follows: 

SIST Slovenski standardi 

EN European Standards 

ISO International Standards Organization 

IEC International Electro technical Commission 

DIN Deutsches Institute fur Normung 

5.1.2 Standardization of Equipment 

All reasonable measures shall be taken to use standardized parts of the equipment to be installed, 
in order to facilitate keeping stocks, maintenance, replacement, interchangeability, etc. 

The Engineer, therefore, reserves the right to request from the Contractor to use a certain type or 
make of products of general use and material. The Contractor shall not be entitled to claim extra 
payment because of this request. This request shall apply especially to components of mechanical, 
electrical and electronic equipment produced in series, but shall not be limited to, as follows.  

The products shall be last version of well proven industrial design and serial solution, applied by 
the Contractors in similar types of the equipment. This request shall apply especially to 
components of mechanical, electrical, and electronic equipment like: 

a) motors, 
b) pumps, 
c) flanges, 
d) bolts, nuts, nut guards and threads, 
e) valves, 
f) thermometers, 
g) pressure gauges, 
h) flow meters, 
i) water and oil level gauges, 
j) sight flow indicators, 
k) terminals, terminal racks, connectors and splitter  boxes, 
l) indicating instruments, gauges and meters, 
m) auxiliary relays, 
n) switches, contactors, fuses, 
o) motor protection devices, 
p) control devices, 
q) lights, bulbs, plugs, sockets, 
r) electronic components, 
s) and similar. 

The minimum steel pipe wall thickness shall be the “normal” or “standard one”. 

All lubrication oils being used in the Unit bearings, shall be of the same brand, type and origin. 
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5.2 IDENTIFICATION PLATES 

Each important part to be delivered under this Contract shall be equipped with permanent 
identification plates, indicating its purpose in readily visible locations. Whether a part shall be 
considered as important in this respect shall be decided by the Engineer. 

The identification plates shall be protected during erection and especially during performance of 
protection against corrosion. Damaged or illegible identification plates shall be replaced by new 
ones. The identification and safety (warning) plates shall be made of non-corroding, non-
disintegrating material (except manufacturer's nameplates of standardized small components) and 
shall be inscribed in the Slovenian language. 

The inscription shall be waterproof, oil-proof, and wear-resistant. Equipment (machines, 
transformers, cubicles, etc.) nameplates shall be either of anodized aluminum or of stainless steel 
approximately 2 mm thick and engraved with block letters on white background. Wording, size and 
material of all labels and plates shall be given in the respective specification and shall be subject to 
the Engineer's approval. 

5.2.1 Manufacturer's Nameplates 

The following data shall be shown in accordance with the relevant standards: 

a) manufacturer's name and address, 
b) manufacturer's serial number and date of manufacture, 
c) type and class of the make, 
d) rated data. 

As a general rule, standard components, such as small or medium sized electric motors, 
transformers, instruments, etc., shall be delivered with the manufacturer's standard nameplate 
which shall be completed or replaced at request of the Engineer. 

The Manufacturer's nameplates of the principal equipment and the main components of the supply, 
shall be submitted for the Engineer's approval, sufficiently in advance and shall be inscribed in the 
Slovenian language, but not limited to. 

Labels written in the language of the manufacturer shall be provided for all electronic equipment, 
instruments, relays, control switches, push-buttons, indication lights, breakers, etc., except not 
standard equipment and warning/safety labels, which shall be inscribed in the Slovenian language.  

No label is required on instruments, instrument switches and on control switches, where the 
function is indicated on the dial plate. The labels shall be fixed close to the instruments in such a 
way that easy identification is possible. Fixing of the labels on the dial glass of instruments shall 
not be accepted. The wording shall conform to the wording used in pertaining documents 
respectively the Contract and shall be submitted for approval to the Engineer. 

Each separate construction unit (cubicle, panel, desk, etc.) shall be identified by its Equipment 
Identification System designation. Cubicles and similar units shall also bear this identification 
designation on the rear side, if rear access is applicable. Furthermore, the overall designation of 
each unit shall be given in the Slovenian language. These labels shall be made of light anodized 
aluminium with black engraved inscriptions, arranged at the top section of the units. Manufacturer's 
trade labels shall - if desired - appear in the bottom section of the units. 

All the equipment inside cubicles, panels, boxes, etc., shall be properly labelled with their item 
designation. This designation shall be the same as indicated in the pertaining documents. 

Instruction plates, sequence diagrams and warning labels for maintenance shall be fitted on the 
inside of the front door of the electrical switch-boards and inscribed in the Slovenian language.  
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5.2.2 Functional Part 

Each part appearing under a certain symbol or number in functional diagrams, piping diagrams, in 
the Operation and Maintenance Instructions, etc., shall be equipped with a plate showing the same 
symbol or number and for important parts also a description (denomination). Designations 
according to the common and overall Equipment Identification System shall be applied both on 
diagrams and on components as well. 

5.2.3 Instruction Plates 

All plates showing warning designations or instructions for safety operation of different parts of 
equipment or systems as lubrication system, etc., shall have a uniform design and shall be 
inscribed in the Slovenian language. 

5.2.4 Warning Labels 

Warning labels shall be preferably made of stainless steel, anodized aluminium or synthetic resin 
and shall be inscribed in Slovenian language. 

For indoor circuit-breakers, starters, etc., transparent plastic material with suitably contrasting 
colours and engraved letters would be acceptable. 

5.2.5 Labels for Cables 

When completely installed, a non-corrosive label with the cable identification designation shall be 
permanently attached to each cable end.  A label at intermediate position or at the entry to cable 
pits and building blocks is requested, if considered necessary by the Engineer. 

The cable identification designation shall strictly comply with those of the cable list. 

5.2.6 Labels for Different Equipment and Piping 

The label material shall be non-corrosive with the inscription with appropriately high alphanumeric 
symbols. All respective equipment (or its parts) that require identification, shall be labelled 
appropriately. 

All main pipes (i.e cooling pipes, hydraulic oil pipes, compressed air pipes, etc.) shall be labelled 
indicating the medium they conveyed by colour codes, flow direction and Equipment Identification 
System. 

5.2.7 Rating Plates 

Main equipment, such as turbines, generators, transformers, cranes etc. shall be equipped with 
rating plates. 

Capacity limiting tables shall be permanently attached to the bridge and hoist blocks. Capacity 
shall be stated in tons. Rating tables shall be clearly visible from the floor. 

Rating plates and other technical informative plates shall be, either of the enameled type, or of 
stainless steel covered after stamping with a transparent paint resistant to aggressive atmosphere 
and sun radiation, where required. The inscriptions shall be in Slovenian language in black capital 
letters in white or bright background. 
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5.3 COLOUR CODE 

The colour code for electrical equipment is stated under "Colour Coding" of Section 6 of these 
General Technical Specifications. The colour code for mechanical and electrical-mechanical 
equipment, such as piping for water, oil, air, combustible, poisonous or aggressive liquids or 
technical gases, servomotors, valves, gates, parts of turbines, pumps, generators, etc., shall be 
determined after the Commencement Date, between Contractor and the Engineer. 

5.4 PACKING AND MARKING 

The Contractor shall prepare, pack and load all materials and equipment in such a manner, that 
they are protected from damage during the transportation. He shall be responsible for any and all 
damages resulting from improper packing. Items transported on open vehicles, or stored on open 
air at Site shall be suitably protected from weather damage. Where it is necessary, heavy parts 
shall be mounted on skids. Any pieces, or materials that might be otherwise lost, shall be boxed or 
steel banded in bundles, and plainly marked for identification on two opposite sides and on top. 

All parts exceeding 90 kg gross weight shall be prepared for transportation so that slings for 
handling by crane may be readily attached while the parts are on a car, truck, special trailer or 
ship's deck. Boxed parts, where attaching slings to the box is not safe, shall be packed with slings 
attached to the parts. All electronic, 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. All machined 
surfaces shall be coated with a corrosion preventing compound preferably of “micro-thickness” 
type, not requiring the removal of it, before the assembly and/or erection Work. Each package 
and/or container shall be clearly marked and the contents identified for proper warehousing. 

The outside of all containers, box, etc. shall be clearly marked with the total weight, point of 
maximum weight and correct position for the attachment of lifting hooks and cables. Identification 
marks relating to the relative dispatch documents shall be indicated. 

Each casing or container shall include a packing list in a waterproof envelope, a duplicate of which 
shall be sent to the Engineer before shipment.  

All items of the equipment shall be clearly marked to facilitate identification and comparison with 
the dispatch list. Dispatch lists shall give the number, make, size, weight, and contents of each 
case or packet. 

Spare parts shall be packed separately as specified and shall be delivered adequately and 
properly packed for at least 10 years' storage and application. Such packing material shall remain 
the property of the Employer. 

All cases and boxes shall be clearly and boldly marked. In order to facilitate custom examinations, 
all packages and shipping documents shall be clearly and indelibly marked regardless of other 
markings.  

Transportation marks and other instructions for the identification of the equipment shall be obtained 
from the Engineer before transportation. 

5.5 TRANSPORT OF MATERIALS AND EQUIPMENT 

The Contractor shall be responsible for: 

a) packing, loading and transportation from the place of manufacture, which can be either his 
own premises, or those of the respective subcontractors to the Site and, when an 
intermediate overseas shipment is concerned, to the port of embarkation, and from the port  
of debarkation to the Site, if applicable, 

b) obtaining shipping space, loading and shipping from the port of embarkation to the port of 
debarkation, if applicable, 
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c) for unloading the equipment at the port of debarkation, if applicable, 
d) for transportation from the port of debarkation, or from Contractor’s workshop to the Site, 
e) for insurance in full value of the equipment, for freight, and forwarding all transportation 

documents, and for the payment of all transport and/or shipping and unloading documents 
and charges, 

f) for unloading at the Site, 
g) for internal transport at the Site. 

The Contractor shall assure himself, that adequate handling of the equipment and goods supplied 
is available, especially for unloading the heaviest pieces. 

Transportation marks and other instructions for the identification of the equipment shall be obtained 
from the Engineer before transportation. 

At least 30 days in advance of an anticipated transportation and/or shipping date, the Contractor 
shall furnish a written notice to the Engineer, giving the identification, symbol, description, weight 
and dimensions of material to be transported. 

The Engineer reserves the right, before shipment, to check completeness of the consignment.  

When actual transportation and/or shipment have been made, the Engineer shall be notified. 

All containers and boxes shall be clearly and boldly marked, and shall be in case of shipment 
addressed to the Contractor's shipping agent in Republic of Slovenia. 

In order to facilitate custom examinations, all packages and shipping documents shall be clearly 
and indelibly marked regardless of other markings.  

Transportation marks and other instructions for the identification of the equipment shall be obtained 
from the Engineer before transportation. 

5.6 ERECTION REQUIREMENTS 

5.6.1 Transportation and Deposition of Equipment 

Transportation of the dismantled existing equipment, transportation of the new equipment to the 
Site, under the hook of the crane above the vertical transport shaft in the exterior building of the 
HPP, as well as all the transports inside the Site area, shall be performed by the Contractor at his 
expense. The Employer shall give both existing overhead travelling (e.o.t.) cranes. Cranes shall be 
operated by Contractors qualified personal. The Employer’s personnel will periodically supervise 
proper use of cranes. 

Transportation of the equipment through the access transport tunnel into the powerhouse shall be 
performed using suitable truck.  

Depositing of the equipment in shafts and areas of Units located in intermediate powerhouse floor 
shall be performed by means of the powerhouse E.O.T. crane within the reach of the 90t and the 5 
t hook.     

Depositing of the equipment in the powerhouse erection (i.e. ground floor) area by means of the 
overhead travelling cranes is possible only within the reach of the crane hooks. 

The Contractor shall be responsible for all equipment transport and handling at the Site. 

Electric energy consumed for the existing e.o.t. cranes shall be at the expense of the Employer.  

For information about access to the Site area see the drawings: “General Map” and “Plant Layout” 
in Volume 5. 

The damages, occurring due to the use of access paths, public roads and other public 
infrastructure concerned, shall be rectified by the Contractor at his expense. 
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5.6.2 Equipment Storage Areas 

Generally all (i.e. larger, as well as minor) new equipment parts shall be delivered to the Site just 
before the equipment erection starts and shall only exceptionally be stored at Site (i.e. at limited 
surfaces in the erection hall). 

All the contracted Works shall be executed in the power plant, where one Unit shall operate during 
dismantling and erection works, therefore open and closed storage areas will be limited.  That is 
why the Contractor shall study the logistics of new and removed existing equipment storing (taking 
into consideration also internal transport), so that the areas available for storage purposes shall be 
used in an optimum way.   

Due to limited space in the erection bay, transport of large components to the site shall be carefully 
planned, coordinated and approved by the Engineer. For unloading and temporary storage of large 
components in erection bay the Contractor shall prepare adequate drawings and instructions. 

At the Site the Contractor shall organize and maintain a necessary number of storage areas 
adequately large and adequate regarding the kind of equipment – all considering the Employer's 
instructions. 

The Contractor shall organise storage area within the fence of the HPP and shall arrange all the 
services necessary for storage, namely: a warehouseman applying and adequate way of keeping a 
record on equipment in the storage area, securing the equipment stored, etc. 

The Contractor shall check the Site conditions and elaborate written instructions for handling and 
storing of delivered equipment in a reasonable time. 

5.6.3 Lifting Devices for Dismantling and Erection  

For the existing equipment dismantling and removal as well as for placing and installation of 
renewed and new equipment in the powerhouse existing e.o.t. crane is on disposal – e.o.t. crane in 
the powerhouse with the load capacities of 90 t and 5 t.  

The powerhouse e.o.t. crane is on disposal for equipment manipulation and erection within the 
powerhouse through vertical openings above the Unit pits along the upstream powerhouse wall. 
Main technical data on the powerhouse e.o.t. crane: 

a) Crane load capacities:   90 / 5 t 
b) Crane rail span:    12.8 m 
c) Crane bridge travelling speed:  12.5 m/min 
d) Hoist travelling speed:   8 m/min 

Data on main and auxiliary hook: 

Hook Maximum lifting height [m] Lifting speed [m/min] 
Main   90 t 20 1.25 
Auxiliary  5 t 30 4.0 
All lifting devices to be used by the Contractor (ordinary and steel ropes, stirrups, equipment 
turning devices, hooks, etc.), shall be equipped by corresponding certificates. Testing shall be 
performed according to the regulations valid.   

For dismantling of the existing equipment use of the existing assembling devices and appliances is 
anticipated.   

For executing the Works during first equipment erection the Contractor shall also foresee and 
provide additional lifting devices and appliances as well as standard tools.  

During performing the first equipment erection the Contractor shall use also special tools and 
appliances that are within his scope of supply together with the equipment, for erection of which 
they are intended. After the erection is finished, the Contractor shall turn the said special tools and 
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devices for equipment transfer and erection over to the Employer in the “as-new” condition for 
maintenance and refurbishment purposes. Details regarding special tools are described in Volume 
4. 

During performing the works the Contractor shall be responsible for all the equipment he uses and 
which is owned by the Employer. After the usage he shall return it to the Employer in improved or 
at least in condition in which he received it. 

5.6.4 Removal of Dismantled Equipment 

The Contractor shall immediately after dismantling disassemble all the equipment, which shall not 
be used after refurbishment and from which all oil and grease had been removed, to parts of 
dimensions adequate for a normal transport. He shall load all the dismantled equipment to 
transport vehicles for carting off from the Site or shall, exceptionally, deposit it at a temporary 
storage area, according to the Employer's instructions.  

The area for the temporary open storage, which shall be equipped by the Contractor, as well as the 
closed storage area for the minor equipment parts that might still be used, shall be determined by 
the Employer. 

Special attention shall be devoted to dismantling and transportation of the equipment parts that are 
filled with oil or grease. Firstly oil and grease shall be pumped into barrels and transported to a 
temporary storage area, determined by the Employer. Barrels and cisterns shall be provided by the 
Contractor. At packaging and temporary depositing of equipment all the valid regulations on the 
environment and safety protection shall be considered. 

The Contractor is obliged store separately and to handle carefully with the materials, polluted with 
oils or grease (i.e. cloths, containers, etc.). The Contractor shall follow strictly the prescriptions of 
the ISO14001 standard. 

Handling with the civil work wastes the Contractor shall act according to all the provisions of the 
regulations valid on the field.   

All waste materials (e.g. copper, etc) are owned by the Employer. 

6. GENERAL REQUIREMENTS FOR MECHANICAL EQUIPMENT 

This chapter contains general requirements for mechanical equipment, steel structures and 
system components. 

6.1 WORKSHOP DESIGN REQUIREMENTS 

The following directions, information, and technical requirements for workshop design shall be 
observed as far as they are applicable for all equipment to be tendered. The technical 
requirements stated in the General Technical Specifications shall be valid for all parts of the 
Particular Technical Specifications, except where additional and/or special requirements are 
specified. 

Any changes of the design of any part of the equipment, which may become necessary after 
signing the Contract, shall be submitted in writing to the Engineer for approval, being sufficiently 
substantiated and justified. 

The equipment shall be designed, manufactured, and arranged by the Contractor so that it 
possesses a functional design, location, and agreeable appearance. The parts of the equipment 
shall be designed and arranged so that they can be easily inspected, maintained, dismantled, and 
erected, without a necessity of large scale dismantling of other parts of the equipment. They shall 
be designed and manufactured in accordance with the latest recognized workmanship and 
engineering practice. 
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The regulations, standards, recommendations and guidelines listed in the Specifications but not 
limited to, shall be observed and followed in the design, calculations, manufacture, erection, 
installation, testing and commissioning of the equipment to be supplied. 

All  parts  of  the  equipment  shall  be  suitable  in  every  respect  for  continuous operation up to 
the maximum outputs and transient operating conditions at Site. 

For individual items of the equipment, the materials, design and appropriated workmanship shall 
be selected in order to be best suitable for the operating conditions to which the parts in question 
will be subjected. Only such designs and technical solutions of equipment may be tendered, which 
have been proven in long- term and reliable continuous operation. 

The materials of adjacent parts shall be properly selected in order to prevent the appearance of 
excessive wear, jamming, electrochemical processes and corrosion. 

All moving and/or rotating parts shall be provided with appropriate protection in order to avoid 
danger for the operating staff. All metal parts shall be electrically grounded. EMC shall be fulfilled 
according to current technical regulations in force in the Republic of Slovenia. 

Manufacturers  shall  take  appropriate  measures  to  prevent  the  ingress  of  oil vapors, 
condense and operating dust and water into any part of equipment (such as bearings, relays, 
control and measuring equipment, etc.) which function may be endangered thereby. 

The measures for prevention of influence of lost currents shall be provided in order to eliminate the 
possible appearance of electrically induced corrosion. 

Suitable lifting eyes and backing-out bolts and other fastening elements shall be provided where 
they are required or where are useful for handling, erection and dismantling. 

Pockets and depressions likely to hold water or air shall be avoided in the design, and if not 
avoidable, they shall be properly drained or air released. 

Parts of the equipment intended principally for standby purposes shall be correspondingly 
protected against corrosion by careful choice of material and, if necessary, by additional means, 
which shall not reduce their continuous standby readiness. 

The layout questions and design details shall be discussed during regular meetings with the 
Engineer. 

6.2 ALLOWABLE STRESSES AND DEFORMATIONS 

The layout and detailed design of the parts of equipment shall be based ultimately on the severest 
and catastrophic exceptional conditions to which they may be exposed during operation and/or 
testing. At least the following design criteria shall be considered, where the hydraulic, test 
pressure, water hammer and thermal effects, dead weight, seismic effects and other static and/or 
dynamic loads shall be taken into account: 

a) For calculating of comparative stresses, the real and precise suppositions of loading joint 
appearance shall be considered. 

b) The comparative stresses and peak-stresses resulting from combined tension, compression, 
bending, torsion or shear shall be calculated on the basis of hypothesis of deformation work 
(shear strain energy criterion) practiced by the Contractor and approved by the Engineer. 

c) The  calculations  shall  be  accompanied  by  computer  graphics  (if  applicable) clearly 
showing the nature and levels of stresses appearing in the parts and components being 
analyzed. 

d) The calculation of pre-stressed bolted connections shall be accompanied by the 
corresponding bolt elongation stress diagrams. 

e) The  stress  concentration  factors  shall  purposely  be  applied  where  the sophisticated 
computing methods shall not be used. 
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f) The criteria for the limitation of admissible comparative and main stresses cited below refer to 
the application of relatively ductile materials having susceptible difference between the yield 
point and ultimate strength. 

For  high  tensile  materials,  the  limitations  cited  below  shall  purposely  be adjusted. 

As principal mechanical design criteria, the following stress limitations shall purposely be applied: 

a) In the design of the equipment of general character, the maximum comparative stresses due 
to normal operating conditions shall not exceed lower of 1/3 (one- third) of the min. yield point 
or 1/5 (one-fifth) of the ultimate strength of the related material. 

b) The maximum comparative stresses (uniform stress across the cross section), which may 
occur in any part of generating equipment when exposed to the normal operation including 
any normal transient process (start – stop, load rejection, etc.) shall nowhere exceed 50 % of 
the min. yield point of the related material, respectively shall not exceed peak stresses 65 % 
of the min. yield point. 

c) The maximum comparative stresses (uniform stress across the cross section) which may 
occur in any part of generating equipment or rotating parts when the unit is under exceptional 
operating conditions (e.g. on-cam runaway speed, generator short-circuit, wrong 
synchronization, etc.) shall not exceed 60% of the min. yield point of the related material, 
respectively shall not exceed peak stresses 80 % of the min. yield point. 

d) The maximum comparative stresses (uniform stress across the cross section) which may 
occur in any part of equipment or rotating parts when the equipment is exposed to 
catastrophic (extreme) conditions (e.g. off-cam runaway speed, pressure test, simultaneous 
effects of the earthquake to previous conditions, etc.) shall not exceed 75% of the min. yield 
point of the related material, respectively shall not exceed peak stresses 90 % of the min. 
yield point. 

e) Where pre-stressing of  parts such as bolts, studs  and  connecting rods, is required, the  pre-
stress shall not exceed 90% of the yield strength of the material. The pre-tension load of bolt 
shall not be less than 2 times of the design load. Value of pre-stressing shall be subjected to 
the Engineers review. 

f) The maximum tensile stress of the cast iron shall be less than 1/10 of its ultimate strength. 
The deflections and/or deformations under any loading of the part shall in no case exert the values, 
which may be detrimental for the operation of equipment under any operating conditions. 

Increased size or thickness, i.e. at least 1 mm, shall be required for members subject to corrosion 
or erosion and for members designed for rigidity purposes. 

The mean average specific pressures, occurring between the movable parts shall be, under any 
operation conditions, kept within the limits, prescribed by practice in the domain, by guides and/or 
recommendations of the manufacturers and other professional sources. 

The selection of dimensions of the parts, which are exposed to repetitive and alternating loads as 
well as to impacts and vibrations, shall take into account the safety measures approved in practice. 
The particular parts shall be dimensioned accordingly  in  order  to  prevent  failure  and/or  
damages  due  to  fatigue  of material(s). The corresponding calculations of resistance against 
fatigue shall problem oriented be performed and sent to the Engineer for approval. 

The calculations performed by the Contractor when dimensioning the main parts of the equipment 
shall be submitted to the Engineer for approval. 

For piping exposed to pressure the prescription specified under Clause 5.13 of these 

General Technical Specifications shall be applied. 
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6.3 WORKMANSHIP 

All works, methods of work and workmanship, whether fully specified herein or not, shall be of the 
highest order performance. In all respects, the generally accepted requirements and commonly 
recognized standards of good practice for first-class work of this nature are to be adhered to. 

All Work shall be in accordance with the Specifications and to the satisfaction of the Engineer. 
More detailed Quality requirements are indicated in the Chapter 10 of these Specifications. 

6.3.1 Finished Surfaces 

Where the finish is not indicated or specified, the type of finish shall be of that type which is most 
suitable for the surface to which it applies and shall be consistent with the class of fit and the 
purpose of the component(s), where applied. 

Surfaces to be machined and specially finished shall be indicated on the workshop drawings by 
adequate symbols. Compliance with the specified surface shall be determined by the sense of feel 
and by visual inspection of the Work and compared to applicable "Standard Roughness 
Specimens", or with roughness feeler gauge or other instruments. 

All finished surfaces in contact with others, especially of split turbine parts shall be properly  
terminated  in  order  to  assure  the  necessary  contact  and  alignment between the neighboring 
ones. 

6.3.2 Design and Manufacturing Tolerances 

All components of turbines, generator, governors and systems shall be subject to the tolerances, 
recommended in the standards, specified in Vol. 3, General Technical Specifications, and the 
design, manufacturing and operational experience of the Contractor. 

Any unavoidable differences between the above mentioned sources of recommendation shall be 
subject to the Engineer's prior approval. 

6.3.3 Unfinished Surfaces 

As far as practicable, all Work shall be laid out to secure proper matching of adjoining unfinished 
surfaces. Where a large discrepancies between adjoining unfinished surfaces appear, they shall be 
chipped and ground smooth, or machined to secure proper alignment or/and fitting. 

Unfinished  surfaces  shall  be  true  to  the  lines  and  dimensions  shown  on  the workshop 
drawings and shall be chipped or ground free of all projections and rough spots. Depressions or 
holes not affecting the strength or usefulness of the parts shall be filled in a manner approved by 
the Engineer. 

6.3.4 Protection of Machined Surfaces 

Machine-finished surfaces shall be thoroughly cleaned of foreign matters. Finished surfaces of 
large parts and other surfaces shall be protected against corrosion preferably by “micro-thickness” 
paint, not requiring the removal before assembly and protected with wooden pads or other suitable 
means. Unassembled pins, bolts and other corrosion exposed parts shall be oiled or greased and 
wrapped with moisture-resistant paper or protected by other approved means in order to be 
properly stored. 

6.3.5  Rounding, Chamfers, Edges 

The edges of surfaces to be painted shall be rounded (minimum radius 2 mm) or chamfered 
accordingly. This requirement must be stated in all workshop drawings for the relevant parts. 
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6.4 MATERIALS 

All materials being used shall comply with an approved standard where priority to existing SIST 
Standards will be given. All materials selected shall be suitable for the intended use and shall be of 
a grade or class having guaranteed composition and properties according to the applicable 
standard. Generally, the Contractor is free to use a reasonably higher quality of materials or a 
more stringent standard of acceptability for certain items, if he deems this necessary. Lower 
grades and less stringent prescriptions and materials having low ductility properties are not 
acceptable. 

6.4.1  Material standards: 

It is permissible to use following materials or their equivalents: 

EN 10025   Hot rolled unalloyed structural steel products 
EN 10028 part 1-7  Flat products made of steel for pressure purposes 
EN 10113 part 1-3  Hot-rolled products in weldable fine grain structural  steels 
EN 10137 part 1-3  Plates and wide flats of high yield strengths structural  
   steel in the quenched and tempered conditions 
EN 10164   Steel products with improved deformation properties   
   perpendicular to the surface of the product 
EN 10088-2   Stainless steels – Technical delivery conditions for sheet 
    /plate and strip of corrosion resisting steel for general and  
   construction purposes (DIN 17 440) 
EN 1559 part 1-3  Founding, Technical conditions of delivery 
EN1561   Founding, Grey cast irons 
EN1563   Founding, Spheroidal graphite cast iron 
EN 10213 part 1-4  Technical delivery conditions for steel castings for pressure 
   purposes 
EN 10283   Founding, Corrosion resistant steel castings 
EN 12513   Founding, Abrasion resistant cast irons 
DIN17182   Founding, Steel castings with improved weldability 
EN 10222 part 1-5  Steel forgings for pressure purposes 
EN 10250 part 1-4  Open die steel  forgings for general  engineering purposes 
EN 10083 part 1-3  Quenched and tempered steels 
EN 10084   Case hardening steels 
EN 10088 part 1-3  Stainless steels 
EN 485 part 1-4  Aluminium and aluminimum alloys; Sheets, strip and plate 
EN 1982   Copper and copper alloys 
ISO 4381   Plain bearings – Lead and tin casting alloys for multilayer  
   plain bearings 
ISO 4382   Plain bearings; Copper alloys; Cast copper alloys for solid and 
   multilayer thick-walled plain bearings 
IEEE 810   Hydraulic turbine and generator integrally forged shaft   
   ouplings and shaft run-out tolerances 
EN 10216 part 1-5  Seamless steel tubes for pressure purposes 
EN ISO 1127   Seamless stainless steel tubes 
EN 1057:2006   Copper and copper alloys - Seamless, round copper tubes 
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EN 1092-3:2003  Flanges and their joints - Circular flanges for pipes, valves,  
   fittings and accessories 
IEEE-56, IEC60034-18 Specification   for   Insulation   Protection   of   rotating  
   machines 
ASTM A345   Specification for Flat Rolled Electrical Steel 

6.4.2 Specific requirements for the materials are as follows, but not limited to: 

6.4.2.1 Steel Plates 

For fabricated steel structures only fully normalized materials, or of quenched and tempered 
quality, of high resilience and corresponding low temperature ductility, age-resistant and suitable 
for welding shall be used. 

The material of steel plates to be used for fabrication shall be of grade or class having guaranteed 
chemical composition, mechanical properties and weldability and shall be 100% ultrasonic-tested 
for lamination or defects at the steel mill (plate with thickness of ≥25mm). 

The finished plates shall be free from cracks, injurious surface flaws, laminations and any other 
defects. They shall have a workmanlike finish and shall not have been hammer-dressed. 
Remedying of plate defects by welding is not acceptable. Plates shall not be under their nominal 
thickness at any point. 

For welded mixed structures (cast steel and fabricated plate steel), the Contractor shall examine 
the conditions of weldability and shall be responsible for transmitting to the steel foundry all 
instructions necessary and/or required for the selection of a compatible grade of cast steel. 

6.4.2.2 Cast Steel 

Steel castings, in particular for hydraulically  loaded  turbine  and  pressurized governor 
components, shall be of grade or class of an approved standard, having guaranteed composition 
and mechanical properties, including corresponding low temperature ductility and weldability. The 
cast, cleaned, heat-treated and ready pre-machined casting shall be material-tested. The test 
results must comply with the specified chemical composition, mechanical and welding properties. 
Steel castings shall be completely free of cracks, shrink holes, hot tears, and shall not contain  
sand  spots  and  inclusions,  segregation,  gas  and  blow  holes,  unfused chaplets and internal 
chills to a degree affecting their strength and durability. 

Repair welding of any kind may not be made without the consent of both, the Contractor and the 
foundry and subject to the Engineer's approval. Appropriate heat treatment shall be applied or 
repeated after all major repairs. 

An accumulation of minor defects shall be considered as a major defect. 

A complete descriptive report of major defects, supplemented by sketches, photos and 
radiographs, surface prints, ultrasonic and metallurgical test reports, as the case may warrant shall 
be submitted to the Engineer for review. A detailed repair schedule  with  approved  welding  
procedures  as specified  in  Clause  5.5  of  this Section, including the non-destructive 
examination to be applied during repair welding and for the finished repairs shall also be submitted. 
The castings shall clearly be stamped with the heat number in such location as to be readily 
observed when the castings are assembled in a completed unit. 

Test pieces cast to the main components may be removed only in the presence of the Engineer or 
with permission of them. 

After the major welding repairs have been performed, heat treatment  is required upon which the 
material must retain the mechanical characteristics, not inferior to generated ones, therefore 
double number of sample test pieces is to be foreseen for the above mentioned tests. 
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The Employer retains his right to require the submission of typical test pieces for the inspection, 
analysis and composition of the steel casting. 

Castings shall be inspected visually at the foundry after they are cleaned and defects shall be 
removed. Afterwards, they shall be examined according to the requirements of the Contract. 
Castings with minor defects shall be repaired and shall be re-examined after repair or treatment. 
Minor defects permitted to be repaired shall be tested using UT or X-ray (RT) test method with the 
participation of the Employer. The Employer reserves the right to require non-destructive tests at 
the Contractor's expenses to determine: 

a) the full extent of defects, 
b) the area is properly prepared for welding, 
c) that the repairs conform to requirements. 

Outline dimensions of castings shall conform to drawings, and reasonable margins shall be 
reserved at the areas to be processed. Dimension of castings shall not be reduced by shop or 
foundry practice by an amount sufficient either to impair the strength of castings by more than 10% 
(as calculated from drawing dimensions) or to cause the stresses to exceed those allowed under 
the Specification. Warped or otherwise distorted castings that may interfere with the final 
processed dimension shall be abandoned. Dimension of casting shall not be oversized to the 
extent that the castings interfere with processing operation or proper fit with other parts. 

6.4.2.3 Cast Iron 

Ordinary cast iron will only be accepted for secondary purpose parts, such as counterweights, 
minor supports, small bearings, etc. For the castings of greater importance the nodular cast iron 
may be used with consent of the Engineer. If special cast iron is proposed for use in sliding 
contact, it shall be properly selected, heat treated and approved by the Engineer. 

6.4.2.4 Forgings 

Forging of main turbine parts (e.g.  turbine / generator shaft, runner servomotor, etc.) shall be 
made preferably of vacuum-degassed steel and shall be forged thoroughly and throughout to 
stipulated reforging coefficient (min. 2.0). Forging to shape, heat treatment (quenched and 
tempered, annealed or normalized as required) and rough machining shall be completed previous 
to material testing; results thereof must comply with specified chemical compositions and 
mechanical properties. Forging must be flawless, completely free from cracks and flakes and shall 
not contain any other imperfection such as porosities, non-metallic inclusions, segregation, hard 
spots and residual tensions to a degree affecting their strength reliability and durability. 

Regarding the standard of acceptability of forging: cracks, flakes and excessive hydrogen  content  
as  well  as  non-compliance  with  specified  composition  and properties constitute reasons for 
rejection. Further, all imperfections as detected by non-destructive testing (dye penetrant or 
magnetic particle check, radiographic or ultrasonic  inspection,  etc.)  exceeding  the  nature  of  a  
local  and  tolerable imperfection may constitute the reasons for rejection by the Engineer, 
depending upon careful investigation in conjunction with and on the basis of the respective design. 

The largest fillets and radius compatible with the design shall be incorporated and applied, 
respectively, wherever a change in section occurs. 

All finished surfaces of forging shall be smooth and free from tool marks. 

The forging shall be clearly stamped with the heat number in such location as to be readily 
observed when the particular forging is assembled in a completed Unit. 



LOT T   
Project No.: HIP1---5809 
 
 

 

 

page: 59/117 

6.5 FABRICATION INCLUDING WELDING AND HEAT TREATMENT 

The fabricated structures shall be manufactured under conditions, which assure proper 
preparation, assembly mating and welding of the plate steel sections, using the appropriate 
welding material, welding procedures and professional personal, correspondingly prepared, trained 
and tested. 

Quality requirement for fusion welding of metallic materials shall be selected according to the EN 
3834 - Part 2 – Comprehensive Quality requirements. 

All welds shall be as shown in the detailed workshop drawings and shall be made in such a 
manner that residual shrinkage stresses and distortions will be reduced to a minimum. 

6.5.1 Preparations for Fabrication and Welding 

Pieces to be joined by welding shall be cut accurately to size and properly pre- assembled, 
including the required allowances. According to the proposed welding method, the welding edges 
shall be sheared, chamfered and ground or machined to allow thorough penetration and fusion of 
the weld with the base material. 

The cut surfaces shall be free of all visible defects, such as laminations, surface defects caused by 
forming, shearing or flame-cutting operations. 

The edges and surfaces of plate steel sections, to be welded, shall be plain (if designed as plain), 
free of rust, mill scale, grease, oil, paint or any other foreign matter. 

Welding over zinc or other primers shall be permitted only for particular, not load carrying joints 
and subject to submission of a certificate of a recognized institution stating the limiting pertinent 
parameters for this welding procedure. 

In all other cases, welding over paint shall be prohibited; all painting materials and zinc, if applied, 
next to the joint to be welded shall be removed well beyond the heat-affected zone. 

6.5.2 Welding Qualifications 

For welding of principal stress exposed parts, the standards for welding procedures, welders and 
welding operators and consumables shall in general conform to the: 

EN 1011 part 1-3 Recommendation for welding of metallic materials 

EN 9606 part 1-2 Approval testing of welders; Fusion welding 

EN15607  Specification for approval of welding procedures for metallic   
  materials 

ISO 5817  Welding  –  Fusion  welded  joints  in  steel,  nickel, titanium and   
  their alloys (beam welding excluded) Quality levels for imperfections 

EN ISO 3690  Determination  of  hydrogen  content  in  ferritic arc weld metal 

EN 13920  Welding; General tolerances for welded constructions 

   Dimensions for length and angles, shape and position 

EN 12345  Multilingual terms for welding joints with illustrations 

All welders and welding operators assigned to the work on welding of principal stress exposed 
parts shall have passed a qualification tests. 

6.5.3 Fabrication and Welding Works 

The Contractor shall prepare a detailed outline of welding procedures for Employer's review and 
approval. The outline shall contain the technologic process of welding work on structures to be 
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welded and all relevant tables and charts. All welding procedures (WPS) including the filler metal 
requirements, preheat temperature, and temperature requirement at the welding area, stress-
relieving treatment requirements, etc. shall conform to requirements set forth in EN 15609-1. 

For any welding work, only the appropriate welding rods and/or wires shall be used. The tensile 
properties of welding material shall conform and overmatch to the material to be welded as 
specified in the respective standards. 

The electrodes for arc-welding shall be classified on the basis of mechanical properties  of  the  as-
welded  deposited  weld-metal,  type  of  covering,  hydrogen absorption, welding position of the 
electrodes and type of electrical current. Electrodes for manual welding shall be of the low 
hydrogen type. 

Electrodes shall be used properly treated and only in the positions and under the conditions of 
intended use in accordance with instructions of each electrode container. Electrodes for manual 
welding shall preferably be of the heavily coated- type and shall be suitable for welding in any 
position. 

Preheating (if applicable) shall be performed prior to and during tack welding and shall be 
maintained as a minimum temperature during welding. 

Run-on  and  run-off  plates  shall  be  provided  for  all  butt  welds,  except  when approved 
otherwise by the Engineer. 

Tack welds shall be chipped or gouged before welding. Cracks or defective tack welds shall be 
professionally removed before welding. 

After being deposited, welds shall be cleaned of slag and shall show uniform sections,  
smoothness  and  homogeneity  of  weld  metal,  feather-edge  without overlap, and freedom from 
porosity and clinker. Visual inspection of the ends of welds shall indicate good fusion with the base 
metal. 

Where weld metal is deposited in successive layers, each layer shall be thoroughly peeled before 
the next layer is applied. 

Particular care shall be taken in aligning mating and proper separating the edges of the members 
to be joined by butt welding, so that complete penetration and fusion at the bottom of the joint shall 
be ensured. 

All butt welds of the water passages shall be ground flush. Flush shall mean not below and not 
more than 1 mm above the plane joining adjacent plate surfaces. 

Butt welds and tee joint welds shall be full penetration welds meeting the strength of the plates 
being joined and designed to provide maximum ductility and freedom from cracking in the weld and 
heat affected zones. Butt welds and tee joint welds shall further be welded from both sides, except 
when otherwise approved by the Engineer. Weld metal originally deposited at the bottom of the 
weld groove shall be chipped or gouged to sound material prior to depositing the first bead from 
the opposite side of the joint. 

Where fillet welds are used, the members shall fit closely and shall be held together during 
welding. Fillet welds shall be performed with low carbon electrodes or wires and by a procedure 
designed to provide maximum ductility and freedom from cracking in the weld and heat-affected 
zones of plates being welded. 

The surface finish of the fillet welds shall be reasonably smooth and free from irregularities, groves 
or depressions, weld beads shall be narrow, shallow, regular and symmetrical in shape. 

The ignition of weld electrodes shall not be started at the plate beside the weld, but at the seam 
flanks, to prevent detrimental increments of local hardness of the plate. Where ignition points of 
electrodes on the plates are discovered, they shall be ground appropriately. Striking of the arc on 
the hydraulically loaded structures or pressurized items shall not be permitted in any event. 

Where auxiliary structural members are welded to components for the purpose of assembly, 
erection or installation, the connecting welds of these shall be given a particular care. These 
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auxiliary structural members shall be removed not by knocking them off, but by burning, followed 
by grinding the affected areas flush with the plate, without introducing additional thermal stresses. 

Welding of stainless steel pipes shall be performed under protective atmosphere from both sides. 

6.5.4 Heat Treatment of Fabricated Structures 

All fabricated parts and castings, parts where stresses are less important, or parts which are 
specifically exempted from stress relieving, shall be designed, fabricated and inspected in 
accordance with approved Standards. 

Post-weld heat treatment for stress relief shall be carried out for all welded parts where deemed 
necessary or is specifically required and in accordance with EN 17663. All such parts shall be 
stress- relieved as a unit, prior to final machining. Partial stress relief for shop welded parts shall 
not be permissible. 

6.5.5 Inspection of Welding 

Welds shall be inspected to determine if the requirements of EN standards or the Technical 
Specification of this Tender are satisfied. Where any defect unallowable acc. EN ISO 5817 (e.g. 
any degree of incomplete fusion, inadequate penetration, undercut, etc.) is found in the weld, it 
shall be judged as unacceptable. At any time, when the soundness of the weld is doubtful, the 
Employer has the right to add non- destructive testing on those welds to the extent or beyond the 
extent described in the technological procedure by the Contractor. The results of non-destructive 
test shall conform to requirements applicable EN standard for particular method. In case of  any  
remedy  is  required  after  non-destructive  test  (NDT),  the  cost  of examination, remedy and 
retest shall be borne by the Contractor. Detailed requirements for NDT are indicated in the Chapter 
9 of these Specifications. 

6.6 CORROSION PROTECTION 

Corrosion protection shall be determined and performed according to SIST EN ISO 

12944 part 1÷8: 1998 - “Corrosion protection of steel structures by protective paint system”. 

Other reference standards on protection against corrosion regarding performing, assessment of 
degree and type of corrosion, control procedures, etc, to be applied are as follows: 

ISO 2063 : 1991 Metallic and other inorganic coatings – Thermal spraying – Zinc, 
Aluminium and their alloys 

ISO 2178 Non-magnetic coatings on magnetic substrates – Measuring of 
coating thickness – Magnetic method 

SIST EN ISO16276-2 Corrosion protection of steel structures by protective paint 
systems; Assessment of and acceptance criteria for, the 
adhesion/cohesion (fracture strength) of a dry film. Part 2 Cross-
cut testing and X-cut testing 

SIST EN ISO 2808 Paints and Varnishes – Determination of film thickness  
SIST EN ISO 16276-1 Corrosion protection of steel structures by protective paint 

systems; Assessment of and acceptance criteria for, the 
adhesion/cohesion (fracture strength) of a coating. Pull-off testing 

ISO 4628/1-6, 1982 Paints and Varnishes – Evaluation of degradation of paint coating 
– designation of intensity, quantity and size of common types of 
defect 

ISO 8501 : 2002 Visual assessment of surface cleanliness Part 1,  Part 2 
ISO 8503 : 2012 Preparation of steel structures before application of paints and 

http://www.techstreet.com/cgi-bin/detail?product_id=1510197
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related products – Surface roughness characteristics of blast-
cleaned substrates, Part 1, Part 2 

6.6.1 Scope of Works 

The "Painting Systems Schedule", as typically indicated further on, shall be applied for the 
performance of protection against corrosion on all new manufactured components.  

For protection against corrosion, related to particular renewed part of the equipment, see also 
particular technical specifications, where data are specified for particular parts of the equipment, 
which shall be considered as decisive. 

The Contractor's services shall cover the procurement of all materials, the preparation of surfaces, 
the application of the all painting or other protective coats as specified and necessary quality 
control. 

Possible damages of protective coats during packing, handling, transportation and erection shall 
be rectified by the Contractor. In case that total damaged surfaces area needed touch-up is more 
than 10% of the total painted surface of the component, on the complete surface a final decorative 
painting layer shall be applied. 

Spare paints of 10% use amount shall be furnished for site touch-up and repairing all equipment 
and part surfaces. The touch-up work shall be performed by Contractor. 

The places, where stainless steel parts face parts from other materials, in the presence of water, 
care shall be taken of proper protection against corrosion, in order to prevent electrochemical 
corrosion. 

Austenitic stainless steel surface for pipe welding shall be corrosion protected with consideration of 
the following procedures: 

a) correct welding by TIG procedure, 
b) mechanical cleaning and grinding of the weld and near material by suitable tool, 
c) passivisation of the weld surface with special acid cream, 
d) flushing with water, 
e) mechanical protection of clean surface from hot works or carbon steel contact that might 

injure material surface protection layer. 
Austenitic stainless steel material is corrosion protected with smooth, clean and bright surface and 
there shall be no need of applying protection coatings. 

6.6.2 Painting Materials 

The Contractor shall provide a complete and reliable coating system. Coating materials  shall  be  
standard  products  of  a  paint  manufacturer,  with  proven experience in the field of protection 
against corrosion, of the type of equipment to be supplied. 

The  Contractor  shall  submit  for  the  Engineer's  approval  full  details  of  the preparation, type 
of materials, methods and sequences he proposes to use, in order to comply with the requirements 
for the protection of the related structures and surfaces of the equipment against corrosion. 

The Contractor shall describe in detail the treatment he proposes to apply in order to give 
adequate protection during transport, storage at Site, subsequent erection and installation as well 
as during concreting. 

The different coats of primer and subsequent coats shall be each of different shades of colour 
where practicable. 

The Contractor shall submit to the Engineer for approval an overall colour scheme in accordance 
with the "Colour Code" of Clause 4.6. of these General Technical Specifications, for the finished 
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surfaces of all equipment. All final coats shall be in the colours approved by the Engineer. At the 
request of the Engineer, painting samples for the different coats and colours shall be provided. 

All pigments, paints and primers shall be supplied by the Contractor to Site in sealed containers 
packed by the manufacturer. The manufacturer's instructions for preparation and application of all 
painting and protective coats shall be strictly observed. 

All coarsely or fine machined surfaces of ferrous metal parts exposed to air shall be solvent 
cleaned and coated with one heavy coat of rust-resistant compound before shipment. 

6.6.3 Painting Systems Schedule 

"Painting Systems Schedule" indicates various systems for protection against corrosion (PAC) 
including working condition, surface preparation and painting materials considered suitable for the 
various parts of the work. For protection against corrosion, related to particular part of the 
equipment, see also Volume 4, where data are specified for particular parts of the equipment, 
which shall be considered as decisive. 
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PAINTING SYSTEMS SCHEDULE 

System 
of PAC 

Media active to 
the surface 

Surface 
preparation 

Basic layer of 
PAC Final layer of PAC Total dsf (µm) 

1 Water exposed 
surfaces, water 
passges. 

Sa 2,5 1 x 50 µm 
Epoxy – zinc 
rich primer for 
steel  

3 x 120 µm layer of 
havy duty tar epoxy 
coating 410 µm 

2 Surface under 
influence of 
humidity, 
condensate 

Sa 2,5 1 x 40 µm 
Epoxy – zinc 
rich primer for 
steel  

1 x 120 µm layer of 2-
component epoxy 
resin system 

240 µm 

1 x50 µm layer of 2-
compnent 
polyurethane finish 

1x30 µm layer 2-
component 
polyurethane as »final 
site painting layer 

3 Inner equipment 
with high final 
brightness 

Sa 2,5 1 x 60 µm 
Epoxy – zinc 
rich primer for 
steel  

2 x 30 µm layer of 2-
component 
polyurethan (1 x as 
final site painting 
layer) 

120 µm 

4 Oil exposed 
surfaces 

Sa 2,5 1 x 50 µm 
Epoxy zinc rich 
primer for steel  

2 x 50 µm layer of 2-
component epoxy 
resin with high 
chemical resistance 

150 µm 

5 Concrete 
embedded surfaces  

Sa 2,5  1 x cement bonding 
agent ≈100 µm 100 µm 

6 Machined surfaces 
(temporary 
protection) 

Degrising 1 x Tectyl 506 
20 µm 

Cleaned with white 
spirit at site  

Preferable painting materials manufacturers shall due to material unification be SIKA, AGRO, or 
equivalent. 

6.6.4 Surface Preparation 

The surface preparation, as described below, shall include any cleaning, smoothing or similar 
treatment that will be required to ensure that the material to be painted will attain suitable 
conditions for effective protection against corrosion. 

To be ready for painting, a surface should be clean, dry, sound and prepared by sand  blasting  to  
the  grade  required  (which  shall  apply  also  to  the  machined surfaces, to be painted with 
corrosion resistant paints). The surface, to be coated, shall be free from any deleterious material 
liable to impair good paint adhesion or impact to the coat. 

For removing rust and mill scale on structural steel, piping and other steel surfaces, those parts 
suitable for blast cleaning shall be blast cleaned to a grade specified or required in accordance 
with reference standards – see the preface to Clause 4.9. This applies particularly to the parts that 
will be in contact with water, exposed to heavy humidity or subject to temperature differences. 

With abrasives for blast cleaning, if not otherwise prescribed, an average surface roughness of 
approx. 50 microns shall be achieved. In cases of very thin coats the maximum surface roughness 
shall be less than one-third of the minimum dry-film thickness of the total coat. 

Sandblasting with quartz sand shall for health reasons preferably be excluded. 
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All parts of the equipment shall be blast cleaned at the work shop unless otherwise practical and/or 
specified and approved by the Engineer. 

Parts which cannot be blast cleaned as specified shall be cleaned of rust by power tool cleaning to 
the highest possible degree, using painting compatible, single purpose tools. 

Surfaces of the parts, being made of stainless steel, shall be free of spots or inclusions of carbon 
steel origin and, if necessary, correspondingly passivated. 

6.6.5 Execution of Painting 

The Contractor shall supply full details regarding the extent to which the blast cleaning and 
subsequent painting shall be performed in his workshop, or at Site during and after erection and 
installation. 

Painting shall be executed in accordance with reference standards (see preface to 

Clause 4.9) and/or other equivalent standards, approved by the Engineer. 

Painting operations shall only be made in appropriate conditions. If the ambient temperature is 
below 5°C or the surface temperature of the metal parts is below the dew point of the ambient air 
by more than 3°C, coating application work shall be prohibited. 

Each coat shall be free from pores, runs, pinholes, and sags. Each individual coat shall be allowed 
to dry or to harden before the succeeding coat is applied. Where pore-free coats are particularly 
specified, it shall be compulsory for the Contractor to prove the quality with adequate instruments. 

Care shall be taken to maintain full paint thickness at all corners and edges and special attention 
shall be paid to the application of protective coatings over welds, miter joints, etc. 

The first coat shall be applied immediately or in stipulated time after blast cleaning and shall be 
finished within max. four hours to avoid new corrosion. 

Workshop coats shall be checked for good quality and where necessary, before proceeding with 
the painting or coating operations at the Site, the Contractor shall clean and repair all workshop 
coats which are defective or damaged. 

Oil and grease shall be removed before mechanical cleaning is started. Clean cloths and clean 
fluids shall be used to avoid leaving a film of oil and greasy residue on the  surfaces  being  
cleaned.  Any  required  wash  treatment  shall  be  done  in accordance with the paint 
manufacturer's instructions. 

The Contractor shall consider that damage of paint work, during transportation, storage  and  
erection  or  installation  is  unavoidable  and  the  application  of  all protective treatment should be 
programmed accordingly. Care must be taken to remove salt crystals liable to become deposited 
during sea transport and/or storage at a seaport (if applicable), by thorough washing with clean 
fresh water. It is essential that before any coat of paint is applied, the surface will be prepared as 
described above, so that it is clean and free from all deleterious matter and completely dry. 

Temporary or permanent welding on painted surfaces shall not be permitted on areas where the 
welding will damage paint or other protective coatings, unless the areas of coatings which would 
be damaged thereby, are accessible for repair and inspection. Parts which have been painted shall 
be handled with care and protected as necessary to preserve the coating in good condition. 

6.6.6 Inspection and test 

The Employer will test or check the surface preparation before applying the paint, layers dry 
thickness and adhesion of paint to the surface. 

Specified “minimum dry film thickness” mean that at the measured surface regardless of the size or 
number of measuring points, no points is below the specified minimum value (no minus tolerance 
acceptable). 
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For the purpose of measuring the surface adhesion or fracture strengths, Contractor shall prepare 
for all painted major parts test plates that will be processed (cleaned and painted) at the same time 
and with the same process as the part surface. 

6.6.7 Defects Notification Period 

The General Defects Notification Period as stated in the Contract shall apply also to the painting 
works. 

The Contractor shall perform requested painting repair work in reasonable time at no charge for 
the Employer, if the painting quality guarantee is not met. 

The protection against corrosion of the painted or galvanized surfaces shall not have at the end of 
the Defects Notification Period a degree of rusting higher than RE 1 (one) on the European scale 
of degree of rusting for anti-corrosive paints, prescriptions of the Corrosion committee of the Royal 
Swedish Academy of Engineering Sciences, Stockholm or another approved by the Engineer 
criteria. 

6.6.8 Galvanizing 

Materials to be galvanized shall be of the full dimensions shown or specified and all punching, 
cutting, drilling, screw tapping and the removal of burrs shall be completed before the galvanizing 
process commences.  Galvanized parts shall be hot-dip galvanized, electrolytically galvanized or 
sherardized, as appropriate for the particular element. 

Galvanizing shall be performed in accordance with reference standards alleged in preface or other 
standards, approved by the Engineer. 

For galvanizing, only original blast-furnace raw zinc shall be applied, which shall have a purity of 
98.5 %. 

The thickness of the zinc coat shall be: 

a) for screws and nuts, approx. 60 micrometer 
b) for all other parts, except for hydraulic steel structures or parts intermittently or permanently 

submerged in water, approx. 70 micrometer 
c) for steel structures or parts intermittently or permanently submerged in water (except turbine 

steel structures), approx. 150 micrometer, in accordance with "VDEW, Druckrohrleitungen - 
Association of German Electricity Utility Companies, Steel Penstocks" prescriptions 

Cleaning: All material to be galvanized shall be cleaned carefully of rust, loose scale, dirt, oil, 
grease, and other foreign substances. Particular care shall be taken to clean slag and spots from 
welded areas. 

Galvanizing of plates and shapes: where pieces are of such lengths that they cannot  be  dipped  
in  one  operation,  great  care  shall  be  exercised  to  prevent warping. 

Galvanizing of bolts, nuts, nut guards washers, lockouts and similar hardware shall be in 
accordance with the relevant standards or as specified above. Excess spelter shall be removed by 
centrifugal spinning. 

Repair of Galvanizing: material, on which galvanizing has been damaged, shall be re-dipped, 
unless the damage is local and can be repaired by soldering or by applying a galvanizing repair 
compound; in this case, the compound shall be applied in accordance with the manufacturer's 
instructions. 

Any member on which the galvanized coating becomes damaged after having been dipped twice 
shall be rejected. 
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Soldering: soldering shall be done with a soldering iron using 50/50 % solder (tin and lead). 
Surplus flux or acid shall be washed off promptly and the work shall be performed so as not to 
damage the adjacent coating or the metal itself. 

6.7 VIBRATIONS AND NOISE 

The vibrations of the stationary and rotating parts or components of the Units and auxiliary 
equipment, respectively runouts of the turbine (Unit) shaft, shall not in any case exceed 
specifications with respect to ISO 10816-5 class A/B and to ISO 7919-5 class B. The Guide for 
field measurement of vibrations and pulsations in hydraulic machines - IEC 60994 may purposely 
be applied, too. 

Due consideration shall be given to natural frequencies of the steel structures and/or components 
of the equipment supplied. Sufficient margin shall be allowed at the calculations of frequencies 
generated and/or occurring in the HPP, including the normal and transient speeds of the unit, the 
frequency of the electrical voltage (current), the speed of the unit times the number of runner 
blades, the number of guide vanes with respect to the number of the runner blades (if affecting) 
and other possible sources of excitation (e.g. Karman vortices), if applicable. 

The vibrations shall not have detrimental effects (fatigue) on the material being used and influence 
on the smooth operation of the equipment being supplied within the Contract or equipment 
adjacent to it. 

For the static runout, horizontal and/or vertical, of the runner shaft cylindrical surfaces  of  guide  
bearings,  shaft  couplings  male  and  female  portions,  thrust bearing sliding ring and shaft seal 
protection surface etc., the tolerances specified by IEEE 810:2015 standard shall be applied. 
Applicable for new state of equipment, the values not exceeding 2/3 of there specified values may 
be accepted. 

The tolerances reduced by 1/3 of the specified value and valid for new state of equipment shall be 
approved by the Engineer, e.g. for the eccentricity of the generator rotor against stator, the 
unbalance of the rotor poles and in non- circularity of the generator stator etc. after terminated Site 
assembly and erection shall be according to the up-to-date practice in the domain and assuring the 
proper dynamic behaviour of the equipment supplied. 

The corresponding information on tolerances to be applied shall be supplied by the Contractor. 

The noise level caused by the installed and operating equipment and adjacent civil engineering 
structures, except as stated in the Particular Technical Specifications Vol.4 part 1, shall not exceed 
the following values: 

a) machine hall, workshop, etc. at any normal accessible place 1 m distant from operating 
equipment max. 85 dB (A) 

The noise level definition and measurement shall be in accordance with applicableISO and IEC 
standards. 

The  values  stated  shall be  adhered  to  taking  a  normal civil construction  into account. 
Particulars of the civil construction as applicable shall be submitted by the Engineer at the 
Contractor's request. 

6.8 FASTENING MATERIAL 

All bolts, screws, anchor bolts, etc., including sleeves, nuts, washers, locking devices, etc., 
required for all the equipment and accessories to be applied under this Contract shall be supplied. 

The fastening material shall be, as far as possible, serial industrial make. 

The principal variable load carrying bolts shall be designed as pre-stressed ones, where during 
tightening, max. 90 % of the yield point shall preferably be used and not exceeded. With this 
respect see also particular requirements in specifications. 
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Threads shall be metric. The bolts and nuts, except those consisting of stainless materials, shall be 
adequately treated against corrosion before dispatch from the workshop. All threads shall be 
greased carefully during erection and/or installation except where otherwise specified. 

All bolts, nuts, screws and other devices used to fix, clamp or adjust any parts that are: 

a) exposed to water or high humidity, or 
b) subject to frequent adjustment or frequent removalshall be of stainless steel, nuts and bolts of 

different hardness. All other bolts and pins may be of carbon steel and galvanized. 
When in position, all bolts or screwed rods shall project through the corresponding nuts, but this 
projection shall not exceed three threads, unless more length is required for adjustment. 

Nuts shall be of six edge type. Notch type nuts are not admissible. 

Split pins or other approved locking devices generally shall be provided for principal nuts which 
may become loose due to vibration, etc. The locking by "Loctite" or similar chemicals may be used 
for locking, if appropriate. The type of locking of principal bolted joints shall be subject to the 
Engineer’s approval. 

The Contractor shall supply the net quantities plus 10 percent of all pertaining bolts, screws and 
other similar items and materials required for erection and/or installation of the equipment at the  
Site. Such bolts,  screws, nuts or  locking material, etc., which are surplus after the erection and 
installation of the equipment has been completed shall become spare parts and shall be wrapped, 
marked and handed over to the Employer, without extra costs. 

6.9 SEALS 

The rubber for seals shall be of first quality rubber or synthetic rubber material, which shall be 
unaffected by ageing, wetting and drying or temperature changes. The degree of hardness 
according to Shore shall be 60-80 as appropriate. They shall be used in the conditions where the 
mineral base oil grease or fluid cannot affect their surfaces as well as cause the weakening, 
leading to the destruction of the seals. In case the Contractor intends to supply synthetic rubber 
material, with or without flour-carbon cladding, he shall furnish the name of the manufacturer and 
technical data of the material, if required by the Engineer. 

The seals of “O-Ring” type shall be made of calibrated rope and below 500 mm in diameter or 
pressures above 1 MPa not glued but form pressed. They shall be placed correctly. The ring 
grooves and rope diameters, to be used within the Contract, shall be standardized. 

Surfaces in contact with seals shall be machined according to the requirements of the seal 
manufacturer. 

6.10 BEARINGS 

Glide bearings shall be fabricated from materials with quality that is equal or better from existing 
ones. 

In the bearings where this is specifically required or foreseen a self-lubricated bushings DEVA-
GLIDE type shall be built in. 

Roller bearings shall be manufactured by internationally recognized manufacture as FAG or SKF. 

6.11 MECHANICAL DRIVING EQUIPMENT AND COMPONENTS 

Access to all moving parts of machinery including all shafts, couplings, collars, projecting key 
heads, and other components shall be completely protected by appropriated easily removable 
protection shields resp. fences, to provide full-proof protection.  All screws on revolving shafts shall 
be counter-sunk or suitably protected. The guards shall be of approved design and shall be fitted, 
where necessary, with inspection doors. 
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Flexible couplings shall be installed where appropriate to relieve the bearings and shafts from any 
stresses due to misalignment and to facilitate the removal. Where couplings are secured in position 
only by means of keys, they shall be press fitted and easily accessible for fastening or removal. All 
key ways shall be machine cut. Couplings and collars shall be the shrouded or protected-type, free 
from projections of any kind. All mechanical driving system bearings shall be mounted in dust proof 
housings, resp. waterproof casing, if appropriate. 

Driving mechanisms slide bearings shall possibly be avoided but, if applied, they shall preferably 
be of high grade self-lubricated type, designed for max. loads. Specific pressures, shall not 
exceeding 2/3 of max allowable ones at shafts with rotation of more than 360° and up to max 
allowed ones at shafts with reciprocating movement, shall be considered. If in the latter case the 
bearing is permanently or temporarily immersed in water, the admissible loading shall be reduced 
for another 

20 %. The increase of the surface pressures at the ends of the trunions shall be allowed and 
calculated based on deflections in the structures under load. The loading conditions cited for 
bearings of mayor importance above will subject to approval of the Engineer. 

The underside of the base of each bearing support shall be machined, and shall bear against a 
precisely machined surface, representing substantial and necessary area of support. Instead of 
mechanical driving systems the hydraulically driven solutions shall have the preference. 

6.12 LUBRICATION, LUBRICANTS 

Efficient means of lubrication, oils, greases etc., suitable for use under the special conditions at the 
Site, shall be provided for all moving parts. 

Self-lubricating types of bearings shall, as mentioned, be given preference, unless otherwise 
specified or practicable. 

The contamination of the air, water, and ground by lubricants, cooling media etc., shall be avoided 
by means of an appropriate design and layout of the equipment in conformity with the latest 
recognized standards of modern engineering practice for lubricants and inflammable materials as 
well as toxic fumes. 

The number of different lubricants, oils for pressure systems, etc., used for the equipment, shall be 
limited to a minimum in order to facilitate keeping stocks and maintenance. 

Due to unification of equipment and materials shall therefore all lubrication oils being used in main 
Unit bearings be of the same brand, type and origin i.e. Mobil).  

Final selection of oil manufacturer is subjected to approval of the Employer. 

Lubricants, being surplus after erection and installation, shall be properly marked, conserved and 
handed over to the Employer without extra costs. 

6.13 PIPING, FITTINGS, VALVES AND GATES 

All piping and corresponding fastening material shall be made of stainless steel if not otherwise 
approved by Engineer. 

Unless otherwise stated, all piping shall be, wherever appropriate, of stainless steel designed for a 
"nominal pressure" of 1.0 MPa. All piping shall be hydrostatically pressure tested according to 
general requirements specified in Clause 9.5.6 of this Vol. 3. All the required piping shall be 
completely furnished with flanges, unions, expansion joints, gaskets, packing valves, drains, vents, 
pipe hangers, supports, etc. 

Flanged connections or unions shall be provided, wherever appropriate, as may be necessary for 
transport, installation or for reasons of dismantling for repair. 

Welds being performed at Site shall be properly terminated and all welding spots removed. 
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Metric (ISO) - flanges shall be used throughout the design. Welded flanges shall be weld-neck or 
slip-on flanges. The raised face shall be machined. 

If the piping crosses over joints of civil structures of different settlement, the piping shall be 
provided with flexible joints to allow vertical, horizontal, and/or angular deviations between the 
centerlines of connected pipes. 

The installed piping shall appropriately be sloped to prevent trapping of air bubbles, unless relieved 
by automatic air valves. 

Adequate clearance shall be given to parallel pipes to allow easy maintenance without disturbing 
other lines. All overhead piping shall have a minimum clearance of 2.00 m from operation floors 
and platforms. 

Generally, pressurized pipes should not be embedded in concrete. When embedding such pipes, 
the agreement of the Engineer has to be applied for. 

Non-pressurized pipes may also be made of no ageing and permanent shaped plastic material. 
They shall properly be fixed and fastened, respectively, not to allow mayor deformations during 
operation. The same can be applied to low pressure-pipes, completely embedded in concrete, if 
the Engineer agrees to it. 

Carbon and stainless steel flange joints and other connections exposed to water shall be 
electrically insulated in order to prevent corrosion effects. 

6.13.1 Piping and Fittings for Pressure Oil, Air and Cooling Water Systems 

Materials, design, fabrication and inspection of steel pipes shall be in accordance with EN 13480 
part 1 -5 Metallic industrial piping. 

The maximum exerted load e.g. at governor pressure oil piping etc. shall take into account  test  
pressure,  seismic  effects,  water  (oil)  hammer,  pressure  waves, thermal forces, dead weight, 
etc. The corresponding calculations of pipe stresses shall be prepared by the Contractor at no 
extra cost. The calculations shall be submitted to and be subject to the Engineer's approval. 

The minimum steel pipe wall thickness shall be at least the "normal" or "standard" wall thickness 
as stated in the applicable standards. 

Bends shall be of the forged type. Mitred bends shall be allowed for larger sizes, subject to the 
Engineer's approval. For smaller fittings, ductile iron will be permitted too. 

Corresponding design of shock, vibrations and thermal expansion exposed piping shall  be  
assured  and,  if  appropriate,  adequate  components,  preventing  cited effects, shall be provided. 

The connecting elements for high pressure oil and air systems shall be of heavy duty type, welded, 
flanged or equipped with suitable system of fittings that perform well under vibration, high pressure, 
and thermal shock conditions. The fitting shall insure tube alignment with the fitting body axis and 
minimizes mechanical strain on the tube. It shall also allow repeated disassembly and re-assembly 
with no need to replace any components. 

The fitting system shall be in accordance with ISO 8434. Other type of connections should not be 
used without Employer's permission. Piping DN50 and bigger shall be equipped with appropriate 
flanges and fasteners. 

6.13.2 Valves, Gates 

Small valves and gates shall conform to DIN 3230, "Conditions and Terms for Delivery of Valves". 

Valves shall be leak-proof in either flow direction (except for non-return, i.e. check valves) when 
the nominal pressure is applied. The direction of flow through valves shall be in the sense of 
opening of the valve disc, if not otherwise specified and approved by the Engineer. They shall be 
products of reputed manufacturers and appropriate for a long-term use in power systems. 
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All valves with design pressures larger than 1.0 MPa and/or larger than ND 100 shall be workshop-
tested to DIN 3230 for tightness and soundness of materials. They shall be of "heavy duty" type, 
especially regarding the mechanical driving components and shall operate quietly and with no 
interruptions of movement, if activated. 

General purpose valves should be ball valves, resilient seated gate valves with smooth straight-
through bore and butterfly valves of »lug« type. »Wafer« type valves are not acceptable. Flow 
regulating valves should be of appropriate type, spindle position indication and fixing device, flow 
characteristics shall be carefully chosen for operation conditions. 

Valves shall close clockwise and shall be provided with indicators. 

Electrically operated valves shall be provided with suitable handle or wheel for manual operation of 
the valves. The hand wheel shall be serviceable under all operating conditions and shall be 
independent of the motor drive. Further, it shall not be rigidly coupled to the motor drive and shall 
not compulsory turn when the motor is energized. Time for opening and closing shall be carefully 
chosen due to equipment operational condition and requirements. 

Rated voltages of valve drives: 

a) for electric motor driven valves: 3 x 230/400 V, 50 Hz, 
b) for solenoid valves:   110 V d.c. 
c) for signalling voltage   24 V d.c.  

Pneumatic drives shall be avoided. 

To facilitate operation, the large valves and gates shall be provided with a by-pass for equalizing 
pressure, if appropriate. 

Valves spindles and pins shall be of stainless steel, spindle nuts and bushes of high quality, 
preferably self-lubricated bronze. The body shall at least be of improved cast iron of nodular quality 
with exception of high pressure valves of sizes above 150 mm, where the cast steel shall be of 
preference. 

All pressure reduction valves, safety valves and similar components shall be workshop-tested and 
provided with a Workshop certificate according to ISO or other equivalent Standards. 

Hand-operated butterfly valves of diameter equal or larger than 150 mm shall be equipped with a 
reducing gear. 

Flange (bolting) connections of butterfly valves shall be of type enabling fixation/dismantling from 
both sides. 

Gate valves with smooth straight-through bore shall be provided for silty water. 

6.14 INSTRUMENTS OF MECHANICAL EQUIPMENT 

All mechanical parts and particularly parts of apparatus and instruments shall be suitably protected 
against shocks and vibrations, heat, humidity, dust and splash water, etc. 

Pressure dial gauges should be of 100 mm size with casing from stainless steel and mechanism 
from quality steel, filled with glycerine. Pressure dial gauges and transmitters  should  be  equipped  
with  valves  with  test  connection.  In  case  of medium pulsation, dial gauges should be equipped 
with snubbers. Pressure gauges must be of the type which is not sensitive on quality of measuring 
media. 

Flow measuring instruments should be of low flow resistance type and senseless on mechanical 
impurities. Quality and reliable electromagnetic and ultra-sonic type flow transmitters are 
recommended. 

Temperature dial gauges shall be of bimetal type, solid made, stainless steel casing of 100 mm 
size and provided with protection wells for appropriate process pressure rate. 
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The temperature sensors PT100 shall be protected or inserted into protection tubes. For sensors, 
actuators, transmitters, etc., refer to Section 6 of this Volume. 

6.15 PUMPING UNITS 

“Pumping unit” means pump with driving motor and all pertaining auxiliary equipment. 

Material of pumps shall be: 

a) Casing Nodular type cast from (no plate material acceptable) or preferable 
stainless steel 

b) Impeller bronze or stainless steel 
c) Shaft stainless steel 
d) Sleeves stainless steel 
e) Wear rings Bronze 
f) Keys stainless steel 

The impeller diameters shall be neither maximum nor minimum impeller size for the selected pump 
size. 

The pumps shall withstand corrosion and tear by abrasive matters within reasonable limits. 

Shaft seals shall be of mechanical (dynamical) type with no leakage. Seals shall be exchangeable 
without extensive disassembly of the pump. 

Each pump of cooling water system shall be fitted with a check valve at the discharge side. 

The couplings shall, if applicable, be of elastic type, appropriate for easy centering, replacement 
and a long service life. 

The submersible pumps, whenever possible, shall be equipped with fixation elbow and guides for 
easy dismantling from the top of the pit. The pumps shall be equipped with non-return valves on 
the elbow. Other types of submersible pumps shall be set in the pit in such a way that harmful 
movement of the pump during the operation   and   possible   damaging   of   the equipment shall 
be prevented. Submersible pumps shall be equipped with oil chamber leakage sensor. 

For any pump, the overall pumping unit efficiency for the specified rated delivery head and 
discharge shall not be less than 60 %. 

If  requested  by  the  Engineer  and  or  the  Employer  for  pumps  with  power consumption larger 
than 20 kW, one of the pumps shall pass a performance test to EN ISO 9906, Class II, with 
measurements taken at a specified discharge of 0 %, 50 %, 80 %, 100 %, and 120 % at rated 
speed. 

Prior to the test, the Contractor shall submit to the Engineer the certified pump performance 
curves. The main submersible pumps for water cooling shall be inspected and taken over by 
appointed inspector in the manufacturing shop. 

6.16 GENERAL STEEL STRUCTURES 

Design and stress calculations shall conform to the applicable EUROCODE requirements / 
recommendations for structural design. Execution of steel structures shall be in accordance with 
EN1090 and minimum execution class EXC2 (PC2 / CC2 / SC1). 

Generally, for design and stress resp. strain calculations of the general steel structures the dead 
and life loads, impact effects, expansion or contraction forces due to temperature variations, 
friction, earthquake, buoyancy  and other dynamical forces shall be considered. 

The consideration at calculations shall be given to possible corrosion effects, to elastic  
deformations,  to  stability  and  to  form  factors,  if  applicable,  avoiding excessive stress 
concentrations. 
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The corresponding stiffness of structural members shall be maintained during the design and 
calculations in order to assure the vibration free, low sound and proper dynamical behavior of the 
Unit, where the analysis of the supports transmitting forces to civil structures shall particularly be 
performed and submitted to the Engineer for approval before proceeding of detailed design. 

Due consideration shall be taken to analysis of possible flow induced vibrations, of the natural 
frequencies and vibrations of the specific structures, respectively. A sufficient margin shall be 
allowed for in the calculations of frequencies in the HPP, where the normal speed, el. current 
frequency and the speed of the Unit times the number  of  runner  blades  and  other  influences  
shall  be  considered.  The corresponding calculations shall be submitted to the Engineer for 
approval before proceeding of detailed design. 

Deformation of structural parts shall be permissible to an extent, which will be accordance with the 
operation requirements and design recommendations. 

6.17 EMBEDDED PARTS 

The embedded parts shall be ample sized to guarantee strength and resistance against corrosion.  
All pieces shall be equipped with fastening elements (bars, struts) in sufficient number and size to 
be fastened by welding to the base structures. The embedded parts shall be designed also for the 
pressure conditions of grouting at outer side of the structures. 

Embedded parts or surfaces of embedded parts being permanently exposed to water shall be 
made of stainless steel materials. 

The fastening bolts, if applicable, having a minimum diameter of 16 mm and shall be equipped with 
adjusting nuts to achieve an easy adjustment. They shall be arranged so that the parts to be 
embedded during the second concrete phase will be firmly fixed and no movements due to 
temperature changes and other causes can occur. All reinforcement bars, fastening struts and 
embedded parts of regular steel shall be covered with at least 6 cm of concrete. 

6.18 WORKING PLATFORMS, COVERS, WALKWAYS, LADDERS 

6.18.1 General 

This equipment shall be generally supplied in accordance with standard EN ISO 14122-
1:2002 or similar. Working platforms and walkways shall consist of: 

a) Frame construction of appropriate design, 
b) Flooring screen with slip resistance surface, 
c) Stairs and step ladders, 
d) Safety guard rails. 

All parts shall be made of dip hot galvanized structural steel. Holes on the construction made in 
order to prevent floating on the melted zinc shall be mechanically chamfered and finally closed with 
grey plastic plugs (due to visual reason). Design of the equipment shall be as well as functional, 
safe and visually acceptable. 

Flooring surfaces (screens) shall be designed for maximal deformation 1/200 distance at uniform 
load of min 5 kN/m2 and firmly fixed onto the frame construction. 

Covers for general purpose shall be equipped with embedded frame, flooring surfaces i.e. screens 
shall be provided for above mentioned load and fixed to the frame by stainless steel screws. Top 
surface of the covers shall be in the same level with the surrounding floor. 

All sharp edges on the equipment shall be removed before galvanizing, afterward mechanical 
treatment shall be avoided. All fitting hardware shall be made from stainless steel material. 
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7. GENERAL REQUIREMENTS FOR ELECTRICALEQUIPMENT 

7.1 GENERAL 

Unless otherwise specified in the Particular Technical Specifications, the electrical equipment of 
any electrical installation to be provided under this Contract must fulfill the requirements of this 
Section. 

All components shall be of an approved and reliable design. The highest extent of uniformity and 
interchangeability shall be met. The design shall facilitate an easy maintenance and repair of the 
components. 

The equipment shall be pre-assembled to the highest possible extent in the Contractor's or 
Subcontractor's workshop. Mounting of all the components and wiring up to terminal blocks is 
requested. The terminals of the individual apparatus shall be marked in accordance with the 
stipulations of this Part. 

Unless agreed upon or accepted otherwise and whether originally specified or not, the current or 
power ratings of electrical equipment selected or proposed by the Contractor, shall generally 
include a safety margin of 10 % under the worst case to be met in service. 

All equipment shall be suitable for the climatic conditions prevailing at Site. All open-air installed 
parts shall be protected against sun radiation by means of adequate covers or shields.  

The Contractor is particularly requested to supply all electrical equipment and installations 
according to regulations currently in force in the Republic of Slovenia, at least those listed here 
bellow: 

a) for LV installations and components: Pravilnik in tehnična smernica TSG-N-002:2009 
Nizkonapetostne električne inštalacije (Official Gazette of the Republic of Slovenia No.: 
41/2009), 

b) for overvoltage protection: Pravilnik in tehnična smernica TSG-N-003:2009 Zaščita stavb pred 
delovanjem strele (Official Gazette of the Republic of Slovenia No.: 28/2009), 

c) for EMC and following the standards requested by these regulations in force in Slovenia 
(Official Gazette of the Republic of Slovenia No.: 84/2001 and 102/2001). 

7.2 STANDARD ELECTRICAL VALUES  

7.2.1 Standard Voltage Levels for HV Equipment 

The following standard voltages according to SIST IEC 60038, IEC standard voltages, shall be 
used. 

High voltages: 

a) Transmission system 110 kV  
b) Generation 10,5 kV  
c) MV auxiliary supply 20 kV  

7.2.2 Standard Voltage Levels for LV Equipment 

The following standard voltage levels according to SIST IEC 60038 shall be respected for all low-
voltage equipment, power and control installations within cubicles, panels, desks, MCCs, etc. 

7.2.2.1 Low Voltage AC Equipment 

a) Nominal system voltage:  3x230/400 V 
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b) Nominal system frequency:  50 Hz 
c) Maximum voltage variation:  - 10 % + 15 % 
d) Frequency variation: 

• during normal operation  42.5 – 57.5 Hz (±15 %) 
• transient changes   42.5 – 65 Hz 

e) System configuration:   3-phase (4-wire and 5-wire system),solidly   
     grounded (TN-C  and TN-C-S) 

f) Test voltage (1 min):   2.5 kV 
g) Minimum insulation resistance: 
• Phase-to-phase:   400 kΩ 
• Phase-to-earth:   230 kΩ 

7.2.2.2 Localy arranged 230 V AC inverters 

a) Nominal voltage and frequency:  230 V, 50 Hz, 3-wire (L,N,PE) 
b) Voltage variation:   -10 %  to +10 % 
c) Frequency variation: 
• during normal operation  -10 %  to + 5 % 
• transient changes   +10 % 

Inverters are generally used only for the local needs of the equipment in the HPP main control 
room. 

7.2.2.3 Low Voltage DC Control and Data Acquisition System 

a) Nominal system voltage:  24 V DC  
b) Test voltage (1 min):   1.5 kV 
c) Minimum insulation resistance: 220 kΩ 
d) System configuration:   non-grounded 

7.2.2.4 Low Voltage DC Protection and Trip Circuits 

a) Nominal system voltage:     110 V DC  
b) Test voltage (1 min):      1.5 kV 
c) Minimum insulation resistance:    220 kΩ 
d) System configuration: non-grounded, with insulation  monitoring (IT-K) 

Supply voltage variation within which DC device shall operate correctly: 

a) in tripping circuits of a circuit breaker    - 30 %  to + 10 % 
b) in closing and opening circuits of 

 an isolator or earthing switch     - 20 %  to + 10 % 

c) in all other circuits      - 15 %  to + 10 % 
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7.3 COLOR CODING 

7.3.1 Cables and Conductors Identification  

Cables and conductors identification shall follow harmonized color or/and alphanumeric marking 
according to CENELEC SIST HD 308 S2:2001, Identification of cores in cables and flexible cords, 
and SIST EN 60446, Basic and safety principles for man-machine interface, marking and 
identification - Identification of conductors by colours or alphanumerics.  

Function  Alpha numeric Colour 
Protective conductors   Green-and-yellow 
Functional earthing conductor   Cream 
AC power circuit(1)   

Phase of single-phase circuit  L Brown 
Neutral of single-or three-phase circuit  N Blue 
Phase 1 of three-phase circuit  L1 Brown 
Phase 2 of three-phase circuit  L2 Black 
Phase 3 of three-phase circuit  L3 Grey 
Two-wire unearthed DC power circuit   
Positive of two-wire circuit  L+ Brown 
Negative of two-wire circuit  L- Grey 
Two-wire earthed DC power circuit   
Positive (of negative earthed) circuit  L+ Brown 
Negative (of negative earthed) circuit(2)  M Blue 
Positive (of positive earthed) circuit(2)  M Blue 
Negative (of positive earthed) circuit  L- Grey 
Three-wire DC power circuit   
Outer positive of two-wire circuit derived from three-wire system L+ Brown 
Outer negative of two-wire circuit derived from three-wire system L- Grey 
Positive of three-wire circuit  L+ Brown 
Mid-wire of three-wire circuit(2)(3)  M Blue 
Negative of three-wire circuit  L- Grey 
Control circuits, ELV and other applications   
Phase conductor  L Brown, Black, Red,Orange, 

Yellow, Violet, White, Grey, 
Pink, or Turquoise 

  

Neutral or mid-wire(4)  N or M Blue 
 

NOTES: (1) Power circuits include lighting circuits.  
(2) M identifies either the mid wire of a three wire DC circuit, or the earthed 

conductor of a two wire earthed DC circuit. 
(3) Only the middle wire of three-wire circuits may be earthed. 
(4) An earthed PELV conductor is blue. 

7.4 ELECTRIC MOTORS AND FREQUENCY CONVERTERS 

7.4.1 General 

The service voltages and corresponding power ratings for AC electric motors to be used in the 
project shall be as follows: 
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a) Motors up to 50 kW 
• Service voltage: 3-phase 230/400 V, 50 Hz 
• Mode of starting: direct on line except when otherwise stated in Vol. 4. of these  

  technical specifications 
b) Motors up to 1 kW, optional 

• Service voltage: single-phase 230 V,50 Hz 
• Mode of starting: capacitor 

All motors shall be of approved manufacture, manufactured acc. to IEC and EN standards and 
shall comply with the requirements of this Section. Motors of the same type and size must be fully 
interchangeable and shall comply with IEC Standard motor dimensions, as far as applicable. 

The following standards related to the manufacture and testing of rotating electrical machines shall 
be used: 

a) SIST EN 60034 Rotating Electrical Machines, 
b) SIST EN 60044 Instrument transformers,  
c) SIST EN 60529 Degrees of Protection Provided by Enclosures (IP Code). 

Motors shall be generally connected to the LV distribution  and control  boards – MCCs (Motor 
Control Centres). 

The general construction shall be stiff and rigid, no light metal alloy casings shall be accepted for 
motors above 10 kW. All precautions shall be taken to avoid any sort of corrosion. 

All motors shall be fitted with approved types of lifting hooks or eye bolts as suitable. Wherever 
possible the motors shall be installed with driven machines to common base. They shall be 
carefully levelled and fixed to the base and protected against particles.  

All induction AC motors shall have squirrel cage type rotors. 

Direct current motors for general use are not expected. The use of DC motors shall be limited to 
emergency drives, which requires central back-up battery.They have to be designed for service 
voltage 110 V DC 

7.4.2 Rating 

The rating of each motor shall meet the requirements of its associated plant or drive.  

The Service factor shall be applied in general as follows: 

a) Power Demand of the Drive:  Service Factor: 
b) Up to 5 kW:    1.2 
c) larger than 5 kW:   1.1 

Pump motors shall have a power rating, in any case at least 15 % above the worst case 
requirement of the pumping system concerned. 

The service factor is calculated as the ratio of installed motor output to maximum power demand at 
the shaft of the driven machine. 

a) Requested duty type:    S1, continuous duty 
b) Requested class of rating:   maximum continuous rating 

All induction AC motors shall be capable of operating continuously under rated output conditions: 

a) At any frequency between 95 % and 105 % of the rated frequency, 
b) And/or with any voltage variation between 90 % and 110 % of the nominal voltage,  
c) A transient overvoltage of 130 % of the nominal voltage shall be sustained.  
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The motors shall keep on a stable operation when running at 70 % nominal voltage for a period of 
10 seconds. The pull-out torque for continuously loaded motors shall be at least 160 % of the rated 
torque. For intermittently loaded motors, the pull-out torque shall reach 200 % of the rated torque. 

All DC motors shall be capable of operating continuously under rated output conditions at any 
voltage between 90 % and 110 % of the nominal voltage with a fixed brush setting for all loads. 

7.4.3 Starting and Transients 

Induction motors shall be designed for direct on-line starting. They shall sustain without damage a 
switch-on to an infinite busbar at 110 % of the nominal voltage with an inherent residual voltage of 
100 % even in phase opposition.  

A transient voltage drop of 20 % of rated voltage should be taken into consideration for starting the 
motors from the individual main and auxiliary busbar.  

Each motor shall accelerate its load to full speed with a minimum accelerating torque of 5 % of full 
load torque although only 85 % of the rated voltage is applied to the motor terminals. Unless 
otherwise approved, the speed drop between no-load and full-load shall not exceed 10% of no-
load speed. 

The maximum inrush currents shall not exceed the following values: 

a) 6,5 times of nominal current for LV AC motors, 
b) 2 times of nominal current for DC motors. 

All motors shall withstand without harmful overheating: 

a) 3 cold starts per hour, considering equal standstill periods between starts, 
b) 3 successive starts with the motor initially at operating temperature, or once every 20 

minutes and 
c) all other additional sequent starts if required by the supplied functional system. 

Motors for frequent automatic starting shall have an adequate rating which shall be a subject to the 
Engineer's approval.  

7.4.4 Windings and Insulation Class 

The insulation of all motors shall comply with class F specification according to SIST EN 60034-1. 
Sufficient motor rating for the particular drive shall be selected to maintain the temperature rise in 
normal operation within the values specified for class B.  

The insulation materials shall satisfy the operation requirements for humid locations with 
occasional impact with corrosive gases and vapors and with considerable ambience temperature 
oscillations. 

The stator winding shall be suitably braced to withstand the forces caused by direct-on-line starting 
and transient conditions as mentioned before. The winding ends and envelopment shall be strictly 
insulated with non-hygroscopic materials.  

The stator winding shall withstand the maximum expected fault current for the expected period of 
time. 

The rotor winding shall be designed to give trouble-free continuous service including repeated 
direct-on-line starting. The rotor shall be tested at 120 % overspeed for 2 minutes to demonstrate 
the winding integrity. 
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7.4.5 Embedded Temperature Detectors 

All AC motors rated 1.5 kW and above shall be fitted with at least two resistance temperature 
detectors of NTC or PTC type embedded in stator winding. Detectors shall be used for stator 
winding temperature monitoring and motor protection.  

7.4.6 Oil Chamber Leakage Sensors 

All submersible pump drives shall be equipped with oil chamber leakage sensors. Indication shall 
be with free potential changeover contact. Auxiliary voltage sensor supply shall be 24 V DC. 

7.4.7 Ventilation and Type of Enclosure 

All motors shall be of the totally enclosed fan-cooled type with IP44 degree of mechanical 
protection according to SIST EN 60529 for indoor use. They shall have a closed internal cooling air 
circuit re-cooled by an external cooling air circuit forced from the non-drive end. 

A weather-proof design shall be selected for motors installed outdoors with IP56 degree minimum. 
At least one drilled hole shall be provided at the lowest point of the casing for draining the 
condensed moisture. A top cover shall be provided for vertical motors to prevent the ingress of 
water, dirt, etc., into the external cooling circuit. 

Space heating for protection against internal condensation of moisture during stand-still periods is 
requested for outdoor mounted LV motors of SIST IEC size 132 and larger. Automatically 
controlled single phase AC heaters shall be suitably fixed inside the motor casing with the leads 
brought out to a separate LV terminal box.  

7.4.8 Bearings  

Self-lubricating ball and roller bearings with solid races shall be provided for all LV motors. If 
necessary, the bearings shall be fitted with grease nipples permitting the use of a universal grease 
gun. An approved thrust bearing shall be provided for vertical motors.  

Self- or forced lubricating type is requested for sleeve bearings, where applicable. Forced 
lubrication shall be arranged commonly to both the motor and the driven machine. Provisions shall 
be made to ensure lubrication during start-up and shut-down operations without starting auxiliary 
lubrication oil pump.  

An easily accessible lubrication pot with overflow pipe and oil collecting vessel shall be provided if 
self-lubricated bearings are selected. 

All bearings shall be protected and properly sealed to prevent dust penetration and oil leakage. 
Easy surveillance during operation or stand-still without dismantling the bearings shall be provided. 

A common base plate for motor and bearing pedestals is requested in case of independent 
external bearings. 

A special bearing accessory shall be provided for the transport of motors with ball or roller bearings 
to prevent transport damage. 

7.4.9 Shafts and Couplings 

The motors shall be provided with a free shaft extension of cylindrical shape with key and keyway 
according to SIST IEC 60072, Dimensions and output series for rotating electrical machines.  A 
motor half-coupling shall be pressed on the motor shaft and be balanced together with it. A 
coupling guard shall be provided. 
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7.4.10 Brush gear and Commutators 

Brush gear for DC motors shall ensure constant brush pressure. The carbon brushes design and 
materials shall ensure at least 6 months of operation without replacement. Each brush shall be 
independently adjustable but it should not require adjustment throughout its life. The brush holder 
shall never touch the commutators even in case of worn out brushes.  

A design of brush gear where the current passes through the pressure fingers will not be accepted. 
Not less than two brushes per pole shall be fitted to ensure the vibrations not to affect the 
commutation. The minimum safe wearing margin of commutators shall not be less than twenty (20) 
% of the total thickness of the commutators bars. The minimum safe diameter shall be clearly 
marked. 

7.4.11 Terminal Boxes and Earthing 

Terminal leads, terminals, terminal boxes or equivalent equipment as well as related equipment 
shall enable terminating the respective type of cables. Mechanical and electrical properties of 
boxes shall in general correspond to the requirements and conditions specified by SIST EN 62208, 
Empty enclosures for low-voltage switchgear and controlgear assemblies. 

The terminal boxes shall be of ample size to enable connections to be made in a satisfactory 
manner. Supports shall be provided as required for proper guidance, fixing of the incoming cable 
and proper grounding of its conductive shield. The degree of mechanical protection IP shall comply 
to conditions prevailing at location, and shall be equal or higher than IP class of the motor 
enclosure. 

The design of terminal boxes with installed cables shall meet the rated values and the short-circuit 
current requirements of the related power supply system. The short-circuit and fault clearance 
times are determined also by the motor protective devices. 

A permanently attached wiring diagram shall be mounted inside the terminal box cover, if 
appropriate. If particular motors are designed for only one direction of rotation, this shall be clearly 
and permanently indicated. 

Terminal boxes type shall be totally enclosed and designed to prevent the ingress of moisture and 
dust. All joints shall be flanged with gaskets of neoprene or equivalent.  

The terminal box for motors above 1 kW shall be sealed from the internal air circuit of the motor. 

Depending on size, the terminal box of LV motors shall be fitted either with an approved cable 
pothead, or with a gland plate drilled as required and provided with suitable cable fittings for cable 
fixing and sealing. Such openings shall be temporarily plugged or sealed during transportation. 

Each motor shall have adequately sized bolts with washers at the lower part of the frame for 
earthing purposes. In addition, each terminal box shall contain one earthing screw connection. 

7.4.12 Noise Level and Vibrations 

The noise level of motors shall not exceed 85 dB (A), measured at a distance of 2 m and under all 
operating conditions. 

Vibrations and the acceleration velocity of the vibrations respectively shall be measured for 
example acc. to ISO 2373 or DIN 45665 for SIST IEC standard motor sizes 80-315. The measured 
noise level result of all motors shall be within the "R" (reduced) limits. 

7.4.13 Tests 

Each motor shall be type test certificated acc. to SIST EN 60034. Each motor with power abowe 55 
kW shall be factory tested and shall undergo a test at Site procedure. The following tests shall be 
performed at minimum under full responsibility of the Contractor. 
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Type Tests: 

a) Measurement of insulation resistance 
b) Measurement of winding resistance at cold condition 
c) Heat run test at PN ,UN and fN 
d) Load characteristic (efficiency, power factor and slip) at UN and fN 
e) Noise measurement 
f) No-load characteristic 
g) Vibration measurement 
h) Locked rotor characteristic at reduced voltage 
i) Run-up characteristic at reduced voltage after 
j) reversing 
k) High-voltage tests on windings 
l) Measurement of insulation resistance 

Workshop Routine Tests: 

a) Measurement  of insulation resistance, 
b) Measurement of winding resistance, 
c) Checking of direction of rotation, 
d) No-load measurement, 
e) Short-circuit point measurement, 
f) High-voltage tests on windings. 

Tests at Site: 

a) Measurement of insulation resistance, 
b) Checking of nameplates data acc. to supplement documentation. 

7.4.14 Frequency converters 

Frequency converters shall meet the following minimum requirements: 

a) Ingress protection IP 54 
b) Wall mounting compact design (other mounting options shall be matter of case by case 

approval). 
c) embedded closed loop PID control where required by other parts of this specification 
d) analog inputs for realization of closed loop PID control where required by other parts of this 

specification 
e) analog input (4-20 mA) for reference set value 
f) support of Profibus DP communication  
g) necessary EMC filters and chokes shall be included 
h) suitable for connection to 110 V DC auxiliary power supply (if such supply is necessary) 
i) saving and loading parameter records and firmware updates shall be possible by a memory 

card 
j) inputs for motor protection sensors (leakage, PTC etc.) shall be included 
k) integrated motor protection functions 
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7.5 LOW VOLTAGE AND CONTROL CUBICLES  

7.5.1 Panels, Cubicles and Marshalling Racks 

7.5.1.1 Design and Construction 

Panels, cubicles, and marshalling racks shall be of standardized, modular design, produced by a 
well-known manufacturer. They shall be free standing or in some cases wall mounted enclosures. 
They shall be constructed of folded sheet steel with minimum thickness of 1.5 mm to ensure rigid 
support for the electrical distribution, control, marshalling and monitoring equipment. They shall be 
built on a rigid and robust galvanized steel framework, equipped with plinth, made from sheet steel 
panes which can be removed. They shall be supplied complete with all fixing and lifting lugs and 
brackets, with eyebolts, with all required base frames, anchors, fixing lugs, coupling elements, 
reliable locking system and padlocks, document pockets etc. 

Mechanical and electrical properties of LV distribution boards shall in general correspond to the 
requirements and conditions for electrical enclosures specified by SIST EN 62208, Empty 
enclosures for low-voltage switchgear and controlgear assemblies  and by SIST EN 60947, Low-
voltage switchgear and controlgear  standards. The panels for electrical distribution and control 
shall be subject to verification according to standard SIST EN 61439-2. They shall be  delivered 
with the appropriate certificates and reports on executed tests and/or other type of verification. 

All panels, cubicles, and marshalling racks shall be protected with layers of coating for decoration 
and corrosion prevention. The standardized procedure and material shall ensure verified colour 
stability, temperature resistance and weather resistance of the protection.   

All free standing cubicles shall be equipped with a robust designed plinth, height of 100 mm or 
more. It shall be suitable for junctions of the cubicles and their fixation to the floor or base frames. 
Bolting onto the concrete, or to the separate false floor construction shall be used. All additional 
elements needed for such application shall be supplied within tender. 

Panels or cubicles mounted in rooms provided with false floor will have their own additional 
galvanized steel supporting structure, being fixed on the cable floor ground. Supporting structures 
will be supplied by others. 

Wall mounted cubicles shall be mounted with 3 cm distance elements (included in the scope of 
supply) from the wall and/or placed on self-supporting frames supplied with all elements necessary 
for such fixation.  

The cubicles, panels and marshalling racks shall be workshop completed with all locks, color 
coded busbars, mounting frames, hinged support frames and rails, mounting and protection plates, 
cable-gland plates, internal wiring, terminal strips and accessories, etc.  and with all other required 
power and control elements necessary for the full functionality. 

The overall height of completed cubicles, panels and racks shall not exceed 2250 mm. The 
finishing painting color shall be selected and agreed upon by the Employer, in general RAL 7035 is 
required. 

All cubicles must be suitable for continuous operation under the climatic conditions prevailing at 
Site.  A dust and vermin-proof design with degree of mechanical protection not less than IP41 is 
requested for indoor use or higher if required by special on site conditions.  

All cubicles, enclosures and marshalling racks for outdoor installations shall be made of stainless 
steel AISI 316L grade minimum. All cubicles for outdoor use shall be designed with stainless sheet 
canopy for additional protection against meteoric water penetration.  

All cubicles, enclosures and marshalling racks shall be designed so to guarantee an effective 
natural ventilation of the installed components. A proper natural ventilation of cubicles with dust-
protected vent openings shall ensure the temperature inside the cubicle to stay in normal values 
for correct equipment operation in any case, supposing the maximum ambient temperature of 
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40oC. Outdoor cubicles subject to direct sun radiation heating shall have double plated walls, with 
ventilation space in between layers. 

The panels/cubicles design shall enable mounting of additional panels/cubicles at both side ends. 
Means shall be provided to limit the opening angle of doors to approx. 100°. 

All cables will enter from below. Cable connections to panels and cubicles must be provided with 
suitable seals as to prevent the ingress of dust or vermin, or the propagation of possible flames. A 
provisional sealing of cable entrances is required during installation. If any other solution shall be 
used, the proposals shall be submitted to the Employer for approval. 

Each panels/cubicles shall be provided with earthing devices for earthing the incoming cables as 
requested by EMC regulations. An earthing bar with a minimum cross-section of Cu 50 mm2 shall 
run the full length of the cubicles, panels or boards. All metallic cable shields shall be directly 
clamped to the earthing bar. 

All dial instruments, relays, control and selector switches, indicating lamps, push-buttons and trip 
levers shall be flush-mounted and located at convenient heights on the front of the cubicle in a 
logical and clear manner. The layout of these panels is subject of approval of the Engineer.  

An adequate vibration and shock-absorbers shall be installed wherever required for the correct 
operation of instrument and relays. 

Clearances between live parts and to earth shall be in accordance with the latest relevant 
regulations and acc. to SIST EN standards.  

All exposed live parts inside cubicle shall be properly covered (IP20) in order to prevent exposure 
to the dangerous voltage. 

All panels/cubicles shall have minimum 30 % spare space for mounting of additional elements or 
extensions in the future. 30 % reserved space shall be applicable also on rails for terminal blocks, 
connection plug boards etc. 

Minimum 10 % of overall amount of LV feeders installed in the cubicle should be left as equipped 
spare feeders with different rated sizes. 

The following auxiliary installations shall be provided within the cubicle: 

a) two single phase receptacles 230 V/10 A with protection contact, 
b) one incandescent lamp with door switch, 
c) earthing of cubicle door with flexible flat wire Cu 16 mm2.   

The most important LV distribution and subdistribution boards for whole HPP or for separate 
functional systems shall be made of Power Centre - PC or/and Motor Control Centre – MCC 
standardised type enclosures and systems. They shall be of a robust construction, modular, self-
supporting, single or multi-cubicle type assemblies designed to meet the requirements of verified 
type SIST EN 61439, Low-voltage switchgear and controlgear assemblies. MCCs shall be 
equipped with fully withdrawable feeders. Distribution and motor control  boards shall be designed 
to give the maximum reliability and safety in service, but also for inspection, testing and 
maintenance purposes. 

PCs and MCCs shall be designed and certified to guarantee a passive type protection against 
internal arcing for all short circuit currents which can appear in the installation on site. In any case 
the design of any cubicle shall guarantee safety of the operator, but also minimize the damages 
caused by internal fault and allow rapid repair of the switchboard within limited costs and time.  

PCs and MCCs shall be designed and tested in compliance with IEC /TR 61641, fulfilling the 
criterions 1 to 6 for personnel and assembly protection, with minimum column level protection. The 
required protection level shall ensure personal safety and limited assembly protection, where one 
panel, column, or the complete main busbar system can fail.  

The PCs and MCCs shall be of verified type and shall be delivered with all the appropriate 
certificates on executed type tests and/or other verification procedures successfully applied. Test 
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reports for requirements acc. to IEC/TR shall be delivered. Verification procedures shall be 
submitted in advance as a proposal and subject of Employer’s approval. 

7.5.2 Small Wiring and Terminal Blocks 

All panels, cubicles, and racks shall be factory wired. If they are shipped in more than one section, 
electrical connections between the sections via terminal strips or standardized connectors shall be 
provided for this purpose. 

Wiring within panels etc. shall be laid on trays and shall be segregated according to voltage level. 
Wiring carrying AC and DC voltage shall also be segregated one from each other. 

All internal wiring of panels, racks, boards, etc. shall consist of stranded fine-wired and properly 
insulated copper wires. The insulation material shall be of fire-resistant polyvinyl chloride (PVC), or 
of other approved fire-resistant type material. A squeezed sleeves or pins/AMP shall be provided at 
bare ends of stranded wires.  

The minimum cross-section of each copper wire shall be as follows: 

a) 2.5 mm2  for all consumers (such as motors, heaters) and current transformer circuits, 
b) 1.5 mm2  for control wiring above 60 V service voltage, 
c) 0.75 mm2  for control wiring below 60 V, 
d) About 0.2 mm2 in case the applied connection technique of standard electronic equipment 

does not permit the use of larger cross-sections in such cases the application is a subject of 
the Engineer approval. 

All secondary wiring shall be arranged and protected to prevent damages caused by arching, or by 
mechanical effects. It shall be neatly run in PVC free rigid plastic raceways or trunks clear of any 
metal panels and filled not more than 60 % of the available cross section. 

Compression type cable lugs shall be provided for the connections of cable cores with a cross-
section of 1.5 mm2 or larger. The terminals shall be designed to ensure that no pinch-off of the 
cable cores may occur. Bimetallic clamps shall be provided if conductors of different material are 
connected. 

The ends of every cable core and all the secondary panel wiring shall be fitted with identification 
plate of moisture and oil-resistant insulation material. An identification number of corresponding 
terminal and equipment shall be clearly engraved in black on each plate. Additionally Red-Yellow-
Violet-Blue colored ferrules are to be used to identify phase circuits and red ferrules marked "T" for 
trip circuits. 

If different terminal boards are arranged close one to each other, the ferrules shall contain the 
terminal board denomination and the terminal number. The ferrules shall be fitted in such a way 
that they cannot become detached when the wire is removed from the terminal.  

Wiring shall terminate in one or more terminal boards accommodated at the bottom of each panel 
or compartment. Internal wiring between instruments or other devices not using the terminal block 
shall be permitted within the same compartment only. All the internal wiring shall enter the terminal 
block at one side only. 

Terminal blocks shall be snapped on rails according to DIN, and shall be numbered consecutively 
beginning from left to right (or top to bottom). Terminal block or group of blocks shall be labeled 
with clearly visible title.   

All terminals shall have two (2) separate pressure clamping plates suitable for connection of 
incoming or outgoing, stranded or solid conductors respectively. Terminals with clamping screws in 
direct contact with the conductor are not acceptable.  

Among others also the following categories of terminals shall be used: 

a) A  terminals for power circuits, 
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b) B  terminals with short-circuit facilities for current transformer circuits, 
c) C  terminals for measuring and control circuits with bridging facilities to the   

 nearby terminal where applicable. 
All terminal blocks shall contain minimum 30 % spare terminals of category C. For communication 
connections respective connectors are to be supplied. 

Insulation barriers shall be provided between each pair of power circuits and between the terminal 
categories. The height and the spacing shall give an adequate protection to the terminals and allow 
easy access to the same. 

7.5.3 Labels 

The front (and rear side, if accessible) of the panels/cubicles shall be labeled with the designation 
according to the Equipment Identification System, which shall denominate its function. 

Each and every component mounted on/in panels/cubicles shall be labeled with a visible item 
designation. These designations shall strictly comply with the related item designations used on 
the drawings and diagrams. Further labels next to each item mounted on the panel/cubicle shall 
identify such item by means of a proper name. 

The labels shall all be of white synthetic material with black engraving. Label sizes and contents 
shall be standardized by the Contractor and approved by the Engineer. 

7.5.4 Tests 

The workshop tests shall be performed on completely wired cubicles/panels in accordance with 
applicable standards, including the H.V. test. 

The following tests shall be performed: 

a) Visual inspection, 
b) Megger test (to include equipment and internal wiring, excluding electronic equipment), 
c) Functional tests of controls, interlocks, measurements, 
d) Setting of protection relays and other devices, where applicable, by means of special testing 

equipment and operational check by the primary injection method (secondary method will not 
be accepted), 

e) H.V. test as required by applicable Standards. 

7.6 SENSORS AND ACTUATORS 

7.6.1 General  

Measuring ranges of delivered sensors and other elements have to be adapted to the ranges 
where the measuring values are normally expected.  

Respective equipment must comply with ambient, mechanical, chemical and electrical conditions 
on the place of installation. Measuring ranges of delivered sensors and meters have to be adapted 
to the ranges where the measuring values are normally expected.  

Sensors and actuators shall be provided with connector or terminal connection with adequate IP 
protection. Prefabricated integrated cable connection is acceptable only for specific cases (under 
Employer discretion). A related cable connector must be delivered with equipment with connector 
connection. 

The following general requests shall be respected:  
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a) All transducers shall have a current output of 4-20 mA DC Isolated output is strictly 
requested. Two wire connections are preferred. If this is not applicable, a power supply 24 V 
DC is requested. 

b) Current capacity and contact resistance of changeover contacts must enable reliable direct 
connection to the PLC. Minimum current of 5 mA at 24 V DC shall be considered. 

c) Respective sensors'/transducers' own supply must not exceed 10 mA. 
d) All supplied equipment must enable satisfactory terminating and earthing of cables. 

In case that intelligent measuring transmitters are used. The following general requests shall be 
respected: 

a) Communication according to Profibus DP 
b) Minimum supported speed 1.5 Mbits/sec 
c) Valid Profibus certification issued by authorized Profibus Test Laboratory  
d) Exact certification number as registered by PROFIBUS Trade Organization shall be given for 

each type of transmitter 
e) Device data file (GSD file) shall be available on request 
f) EMC according to current regulations in force in Republic of Slovenia 

In case that intelligent actuators are used. The following general requests shall be respected: 

a) Communication according to Profibus DP 
b) Minimum supported speed 1.5 Mbits/sec 
c) Valid Profibus certification issued by authorized Profibus Test Laboratory  
d) Exact certification number as registered by PROFIBUS Trade Organization shall be given for 

each type of actuator 
e) Device data file (GSD file) shall be available on request 
f) Manual operation shall be enabled 
g) Visual indication of position  
h) Auxiliary voltage shall be 24 V DC 
i) Power supply 3x400 V AC or 1x230 V AC 
j) EMC according to current regulations in force in Republic of Slovenia 
k) Embedded switch between manual and remote control. 

7.6.2 Resistance Type Temperature Detectors 

a) Standard Pt100 platinum resistance type temperature detectors (RTD), with 100 Ω at 0°C, 
according to DIN 43760 shall be supplied. 

b) Four wire connections shall be provided. 
c) Resistance temperature detector casings immersed into oil bath shall be made of copper; all 

leads which come in contact with lubricating oils shall have copper sheaths, or shall be lead 
covered and shall have neoprene jackets. 

7.6.3 Capillary Type Thermometers 

a) Dial type instruments with one adjustable changeover contact shall be supplied. 
b) Thermometer bulbs shall be properly located to indicate temperatures of the hottest parts (hot 

spots). 
c) Thermometers shall be mounted on individual boards. 
d) Tubing shall be insulated where necessary to isolate bearing currents. 



LOT T   
Project No.: HIP1---5809 
 
 

 

 

page: 87/117 

7.6.4 Level Switches and Transducers 

a) Level switches shall be located close to the process in the accessible location.  
b) Each changeover contact must be galvanically separated from others. 
c) Measuring points must be carefully selected and outfitted with all the necessary elements to 

achieve reliable data acquisition.  

7.6.5 Flow Meters and Indicators  

a) Flow meters shall be directly connected, removable bezel, glass front or with digital display. 
b) Flow meter switches (flow indicators) shall have at least one adjustable changeover contact. 
c) Each changeover contact must be galvanically separated from others. 
d) Measuring points must be carefully selected and equipped with all needed elements to 

achieve reliable data acquisition.  

7.6.6 Pressure Switches and Transducers 

a) Pressure switches shall have at least one adjustable changeover contact. 
b) Each changeover contact must be galvanically separated from others. 
c) Measuring points must be carefully selected and equipped with all needed elements to 

achieve reliable data acquisition.  

7.6.7 Position Indicators and Transducers 

Position switches shall be suitably mounted for easy adjustment and for rigidly locking in position 
after being adjusted. They shall be of heavy-duty rating and shall have two (2) changeover 
contacts.  BALLUF transducers are preferred. 

Measuring points must be carefully selected (to avoid mechanical damage) and equipped with all 
needed elements to achieve reliable data acquisition.  

Proximity switches shall be suitable for flush mounting. They shall be of heavy-duty rating and shall 
be of PNP type. Supply voltage has to be 24 V DC  

Each element with integrated position indication (valve for example) shall indicate both limit 
positions (open and close), if not requested otherwise. 

7.6.8 Solenoid valves 

The rated voltage shall be 24 V DC except for valves engaged in trip sequences (110 V DC). 

Each solenoid must have reverse overvoltage protection circuit and shall have the provision for 
manual operation. 

7.6.9 Motor driven valves (valve positioners) 

Power supply voltage for valve positioner shall be 1x230 V AC or 3x400 V AC  

Control signals for opening and closing shall be on 24 V DC level (high impedance). 

Positioner must have integrated protections (limit positions, overload, etc.) 

Each positioner must be equipped with limit switches (open and closed position) and shall have the 
provision for manual operation. 
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7.6.10 Water and Oil Filters 

Self cleaning filters must be equipped with integrated automatic cleaning device. 

All filters must be equipped with two stage clogging indication (active signal when clogging is 
indicated): 

a) stage: Filter should must be replaced/cleaned – but system operation is not disturbed  
 (yet) 

b) stage: Filter is totally clogged – system operation is disturbed. 

7.6.11 Connectors (splitter boxes, sensor-actuator-integrator blocks) 

For specific purposes as part of state-of-the-art installation system also connectors (splitter boxes 
or sensor-actuator-integrator blocks) are requested. These elements must be modular with four, six 
or eight separate connectors for sensor connections. Common cable towards control equipment 
must be connected using appropriate plug in connector for easy disconnecting purposes that can 
be preassembled. Metal housing for respective ambient conditions must be delivered resistant to 
coolants and lubricants. In case of digital signal acquisition also LED showing the corresponding 
status must be implemented. 

7.6.12 Terminating and Earthing 

All supplied equipment must enable satisfactory terminating the respective type of cables.  
Supports shall be provided as required for proper guidance and fixing of the incoming cable. The 
degree of mechanical protection IP shall comply with conditions prevailing at Site. 

Terminating points shall be totally enclosed and designed to prevent the ingress of moisture and 
dust. Delivered equipment must contain one earthing screw. 

7.6.13 Element tests 

Each element shall be factory tested and shall undergo a test at Site. The following tests shall be 
performed under full responsibility of the Contractor: 

a) Workshop Tests and 
b) Tests at Site, as requested. 

7.7 CABLES 

7.7.1 General 

The Contractor's obligation is: 

a) To specify in detail all the cables needed for proper power supply and control connections of 
his equipment to equipment supplied by Others.  

b) To give any other information and instruction for cable connections that must be provided by 
Others. 

For his scope of supply the Contractor shall perform all relevant design and engineering of the 
cable system and prepare the cable plans, connection diagrams, list of cables and the cable 
routing plans. 

The Contractor shall select the most suitable and effective cable passage and raceways ensuring 
they do not interfere with other installations. All these passages must be clearly indicated on his 
equipment drawings. 
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However, in any respect the scope of supply, laying and connecting of the cables must include, but 
not be limited to: 

a) all necessary cables and wires for power, AC and DC, instrument  transformers, control, 
measuring, signals etc., as applicable 

b) all necessary number plates for the cable-identification (numbering code will be fixed later), 
c) all necessary fixing materials, 
d) all necessary fire protection material for sealing cable openings through walls and ceilings as 

well as between switchgear and control, measuring, recording and switchgear cubicles, 
operating panels and desks, etc., 

e) all necessary UPVC protecting tubes for cable runs, 
f) all necessary cable connections elements including compression cable lugs, fixing and 

clamping materials, etc., 
g) all necessary cable sealing ends and cable connecting sleeves including fixing materials, 
h) all necessary compression connectors, 
i) all necessary cable glands. 

The maximum continuous current carrying capacity of each individual cable type and cross-section 
used shall be determined by the Contractor taking into account the site environmental conditions. 
The resulting load reduction factors are subject to the approval of the Engineer. The conductor 
cross-section of each cable, moreover, shall be adequate for carrying the prospective fault current 
determined by the next relevant short-circuit protection device when operating under the 
specified load conditions without deterioration of the dielectric. All the above data and their 
calculation shall, accompanied by the short-circuit calculations appear in the documents to be 
supplied by the Contractor according to these Specifications.  

All power cables shall be copper conductor type. Cables having a cross section greater than 16 
mm2 are to be of XLPE insulated type; LV cables of smaller size may be of PVC type. All cables 
are to be suitable for ambient temperature of 40 oC. 

Teflon- or silicone- based insulation must be provided for cables exposed to ambient temperature 
above 60 oC. 

The cables must be suitable for lying indoor, outdoor (direct or indirect sunlight), in ducts, on trays, 
underground and in water. The cable-sheaths must be resistant to solar radiation, the effect of oil, 
bacterial action, insects, rodents and seawater. 

All cables must be fitted with a name plate at each end for identification in accordance with the 
identification system. The individual cores must be identified by numbers or a by the colour code. 

The cables must be laid in such a way that they can be replaced in a simple manner. 

Cables must be carefully arranged and ordered. In locations where proper positioning of the cables 
is not possible without securing them, quick-fastening PVC cable ties must be used. 

The identity of the manufacturer shall be provided throughout the length of the cable by embossing 
the outer sheath with "name of Manufacturer - year of manufacture". The letters and numerals shall 
be raised and shall consist of upright block character. The gap between the identification marks 
shall not be greater than 200 mm. 

7.7.2 LV Power Cables 

All LV power cables shall be screened. The low voltage power cables shall be standard single and 
multi-core cables with copper conductor and CLPE or PVC insulation. The common core 
covering shall consist of non-hygroscopic filler. 
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To ensure the elimination of excessive contact potentials on any object, effective earthing must be 
carried out as a safety measure. A suitable type of 3-core, 4-core and 5-core low-voltage power 
cables must be provided.  

The minimum conductor cross-section of the low-voltage power cables is 2.5 mm2. 

If 3 1/2-core cables are used, the reduced conductor for protective neutral must have a cross-
section of at least 16 mm2. 

DC cables must be 2-core or 3-core as requested by the application. Single-core power cables of 
larger cross-sections may be used between batteries or rectifiers and the DC switchgear. 
Cables feeding the automatic measuring and control systems below 60 V must have one core for 
the isolated screen earthing bars. 

The LV power cables must be designed for the dynamic and thermal characteristics of the 
electrical system. 

Special attention shall be given on choosing cables for connection electrical motors to frequency 
converters. Those cables shall be selected according to harmonics, switching frequency and all 
other relevant parameters including EMC. 

Conductor 
The cables' conductors shall be made of stranded copper. 

Conductor design: 

a) from 2.5 mm2  to 4 mm2 – circular stranded conductor 
b) from 6 mm2 to 25 mm2 – circular stranded conductor  
c) from 35 mm2  to 500 mm2 – sector shaped stranded conductor. 

The conductor of heat-resistant and flexible cables shall consist of fine-stranded copper. 

Over sheath 
The PVC over sheath shall be oil-resistant, treated in order to prevent the insulation from 
spreading fire and shall be coloured black for all LV power cables.  The sheath shall contain the 
manufacturer's name, the voltage levels Uo/U in kV and the cable type. 

Screen 
Screen shall be of braided copper or braided tinned copper and shall have coverage of at least 
80%. 

Recommended Current Carrying Capacity of Power Cables 
Cable selection criteria for continuous loading compared with single runs in air: 

PVC cable            

Reduction for layers of 9 cables and 6 vertical trays     66 % 

Reduction for 40°C ambient temperature and conductor temperature of 70°C  87 % 

Reduction factor         0.57 

XLPE cable            

Reduction for layers of 9 cables and 6 vertical trays     66 % 

Reduction for 40°C ambient temperature and conductor temperature of 90°C 91 % 

Reduction factor         0.60 

7.7.3 Measuring and Control Cables above 60 V 

The control cables shall be of the multi-core, PVC-insulated type withstanding without deterioration 
the conditions prevailing at the individual place of installation. Cables for analogue signals shall 
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have a common screen of braided tinned copper wires (coverage approx 85%), and twisted-pair 
cores. 

The minimum cross-section of each copper wire of the instrumentation and control cables shall be 
as given below: 

a) 1.0 mm2  for all cables above 60 V service voltage 
b) 1.0 mm2 for all cables leading from the terminal boxes to individual local instruments 
c) 1.0 mm2 for all thermocouple compensation leads 
d) 0.5 mm2 for all I&C multi-core cables leading from the local terminal boxes to the control 

cubicles. 
Within control and electronic circuits, the minimum cross-section depends on design of the 
electronics. In all cases, the maximum voltage drop on the cable shall not exceed 5 % at the worst 
load and temperature conditions. 

Cables with a common core screen and protection against electrical interference must be generally 
used for all leads going outside the building. This cable shielding shall exclude extraneous 
effects and prevent faulty signals generated by adjacent power cables. For use inside buildings the 
shield can be omitted. 

The multi-core cable with more than 7 cores shall have approx. 20 % spare cores for future use.  

Cables with six and more cores shall be number identified with permanent prints at intervals not 
greater than 300 mm throughout the core. The identification numbers shall be shown on the 
circuit/connection diagrams. 

7.7.4 Fieldbus Cables 

Special fieldbus cables are to be used in measurement and control systems for connecting the field 
devices with the center in the field, where necessary. They should be dimensioned for adequate 
energy and data rates. Control functions and the energy supply of the terminal devices as well as 
additional services such as active wear monitoring for the terminal devices has to be transmitted 
via these connections. They has to correspond and has to be calculated and selected with their 
differing demands acc. to standard EN 50288, Multi-element metallic cables used in analogue and 
digital communication and control.  

7.7.5 Instrument Transformer Cables 

The design of these cables must comply with Clause "Measuring and control cables above 60 V". 
The minimum conductor cross-section for instrument transformer cables is 2.5 mm2. 

7.7.6  Measuring and Control Cables below 60 V 

Measuring and control cables for  voltages  up  to  60 V shall  have  stranded copper 
conductors  of  minimum  0.8  mm diameter. Multi-pair control cables with paired lay-up of the 
leads and lay-up of the pairs themselves shall be used. The spare free capacity shall be 15 % at 
least. 

The control cables shall have a common screen of braided tinned copper wires (coverage approx. 
85%) to exclude any extraneous effects and to prevent faulty signals. 

The individual cores of multi-pair control cables as well as the cable itself shall be identified by 
code numbers at both ends. 
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7.7.7 Cable Connections and Cable Joints 

For the connections of cable cores with a cross-section of 1.5 mm2 or larger, compression type 
cable lugs shall be provided. The terminals shall be designed to ensure that no pinch-off of the 
cable cores occurs. If cables with a flexible cable core are used, the stripped ends of the cores 
shall be tinned or fitted with a core sleeve before connection. Bimetallic clamps shall be provided in 
case conductors of different material are connected. The same applies also for all connections to 
electrical consumers. 

Stripped cable ends shall be attached to the rails with corrosion-resistant clips. Any cable joints 
required shall be of synthetic non-flammable material. T-joints will not be accepted. 

Cable jacket 

The cable jacket shall be oil-resistant and flame-retardant. It shall contain the manufacturer's 
name, cable type, the voltage rating phase to earth/phase to phase in kV and assigned length. 

Cable joints and terminations 

Joint boxes should be avoided wherever possible. Any boxes needed are to be made of flame-
retardant material. Cable branch boxes will not be accepted. 

Terminal Boxes and Terminal Cabinets 

Terminal boxes or, wherever suitable, terminal cabinets shall be fitted on all the necessary points 
in order to simplify local grouping of cables and distribution of signals. 

If the terminal boxes are not adequate, suitable intermediate terminal cabinets are to be used.  

Terminal boxes and cabinets must be equipped with the necessary terminal strips, cable glands, 
cable screw couplings and attachment components for the connection of the cables.  

Terminals used for connection of current transformers are to be fitted with short-circuit links. The 
necessary earthing terminals are to be provided for the earthing of the boxes and cabinets. 

8. CIVIL WORK CONDITIONS AND REQUIREMENTS 

8.1 GENERAL 

This Section refers to the problems of the interaction between the equipment tendered and the civil 
structures embedding and surrounding it.  

The Contractor shall specify the principal loads and forces acting to the surrounding structures, for 
the equipment within his scope of supply. 

The impact of the equipment on the surrounding civil structures shall be minimized and 
consequently stressing as well as required stiffness of the civil structures shall be as small as 
possible. The costs for the surrounding civil engineering structures will not be charged to the 
Contractor. 

8.2  DRAWINGS AND DIMENSIONS 

The Contractor shall submit the drawings showing principal layout of the major parts of equipment, 
together with necessary sizes and dimensions as well as requirements on the conceptual design of 
the equipment surrounding structures. Also the requirements on the design of the base plates with 
detail design of anchoring in concrete must be considered accordingly. 

The Contractor shall follow the implementation time schedule of the project and milestones for the 
preparation of necessary data for civil engineering detailed design in compliance with overall 
construction milestones. 
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The Contractor shall submit complete documentation on the incorporation of the equipment to be 
supplied into the surrounding civil structures to the Engineer for approval in due time after the 
commencement date, as specified in Vol. 4. 

The Contractor shall in his documentation describe the principal procedures and the conditions for 
concreting of the embedded parts, as he deems necessary to be done. 

8.3  LOADS AND FORCES 

The Contractor shall in the documentation submitted to the Engineer for approval, define the 
detailed locations of loads and forces, resp., acting from the equipment embedded to the civil 
structures. The documentation shall include all data on max. loads and forces, imposed by the  
equipment to the surrounding structures, during the normal, transient, as well as the most severe 
operating conditions. 

Generally static, dynamic and thermal effects (dilatations) shall comprehensively be considered. If 
special requirements will be given on the stiffness and rigidness of the civil structures, the 
Contractor shall supply the necessary data to the Engineer for consideration and approval. 

The required data on civil structures shall be submitted, referring to different bearing and other 
supports. 

The above required data shall be given in m and kN. 

9. SPARE PARTS, SPECIAL TOOLS AND APPLIANCES 

9.1 SPARE PARTS 

Spare parts for all ageing, failure, wear and tear exposed parts, components of the equipment, 
specified under these Specifications, shall be supplied within the scope of the Contract. They shall 
be of the same material, workmanship, and properties as original ones, replaceable without 
modification or destruction of adjacent components and interchangeable in the sense of 
interchangeability and standardisation. 

All spare parts to be delivered shall be - as applicable - protected against corrosion, match marked 
with labels for identification and properly packed in marked boxes of sufficient rigid construction, in 
order to withstand long term storage (5 years or more) in appropriated rooms. 

Wherever an electric-motor driven component is required as a spare part, electric motor and all 
pertaining equipment shall be supplied as well. 

Acceptance of any spare part will not take place before the Contractor has submitted the complete 
and final detailed list of spare parts to be taken-over. 

Delivery of spare parts shall be coordinated with the Employer but shall not be earlier as at the end 
of trial run period of the equipment. 

Before issuing the corresponding Taking-Over Certificate, the spare parts shall be checked in all 
respects, in the presence of the representatives of the Employer and the Contractor. 

9.1.1 Spare Parts 

The Contractor shall give price for spare parts which are included in the tender price list. 

9.1.2 Recommended Spare Parts 

The recommended spare parts shall be recommended by the Contractor according to his 
experience and assuming a 5 year operation of the equipment from the date of expiration of 
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Defects Notification Period. The list of "Recommended Additional Spare Parts" shall be enclosed to 
the Price List of the Recommended Spare Parts.  

The order for recommended additional spare parts shall be optional to the Employer for a period of 
three (3) years from the Commencement Date.  

9.2 SPECIAL TOOLS, APPLIANCES AND LIFTING DEVICES  

Before issuing the corresponding Taking Over Certificate, all elements shall be checked in all 
respects, in the presence of the representatives of the Employer and the Contractor. 

The costs of all (i.e. recommended and other) special tools, appliances and lifting devices shall be 
included in the Total Tender Price. 

9.2.1 Special Tools and Appliances 

Special tools are to be delivered by the Contractor as far as necessary for erection, installation, 
dismantling and re-assembly, overhaul and maintenance, especially considering the dimensions of 
each particular piece of equipment to be supplied under this Contract. 

All special tools and appliances shall be marked for identification of their use and shall be made 
available for the erection and installation to be carried out by the Contractor. Therefore, the special 
tools and appliances shall be delivered with the first consignment of equipment to be erected 
and/or installed. 

The Contractor shall check and hand over to the Employer the said special tools and appliances at 
the end of Taking-Over procedure. The special tools and appliances shall be in perfect condition or 
the Contractor shall renew or replace them, if necessary, by new ones of a quality not inferior to 
the original ones. 

9.2.2 Special Lifting Devices 

The Contractor shall prepare and submit for the approval of the Engineer drawings of lifting 
devices and complete instructions about the means of not general character and methods to be 
used for the installing and removing of heavy equipment of the plant, about winches, hooks, 
shackles, etc. which are indispensable for performance of works at Site. 

Special lifting devices as handling equipment shall be supplied by the Contractor in accordance 
with the requirements of Particular Technical Specifications and shall be transported together with 
the components for which they are provided. 

A final list of special lifting devices shall be submitted to the Engineer for approval at least 90 days 
before commencement of erection and/or installation works. 

The special lifting devices being used during erection and installation shall be handed over to the 
Employer at Taking-Over in the state equal to the state in new condition, properly protected against 
corrosion, packed and equipped with corresponding documents, data and/or nameplates.  

If required by regulation or standards, the special lifting devices shall also be verified by Authorized 
agency and Contractor shall supply necessary documentation to the Employer. 

10. QUALITY CONTROL  

In this Chaptev contains quality control during manufacture and erection, inspections and tests. 
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10.1 GENERAL 

This Section contains general requirements for inspections of material, parts, equipment and 
workmanship during equipment manufacture, workshop assembly and testing and Site erection, to 
demonstrate compliance with specifications, codes and standards and to ensure overall reliability 
of operation and good performance of the equipment and the installations.  

The Employer will organize within his organization the Acceptance Authority for assurance and 
performance of the quality, as well as for the inspections and supervision during the manufacture in 
the Workshop and erection at Site. 

The Employer and the Engineer shall, at all reasonable times, be allowed free and ready access to 
the Contractor's premises and those of his suppliers for the purpose of inspecting the manufacture 
of the equipment components supplied and obtaining information as to the progress of the work. 
Failure on the part of the Engineer, at this or any other time, to discover defects, or reject materials 
or work, which does not meet specified requirements, shall not be deemed an acceptance thereof 
nor a waiver of defects therein. 

10.2 CODES AND STANDARDS 

10.2.1 General 

The type and extent of inspections shall generally comply with those specified in the Standards 
used for design, manufacture and erection of the equipment item, supplemented, or amended by 
the requirements of these Specifications. 

10.2.2 Reference to Test Codes and Standards 

Reference to special codes, standards, recommendations, where designated either directly or as 
"relevant", is intended to provide a measure of performance, safety, in the workshop and testing at 
Site. The methods of manufacture must be equal or exceed the up-to-date practice in order to be 
considered acceptable for use under these Specifications. 

If more than a single degree of quality or accuracy is permitted within the scope of particular code 
or standard, the highest quality shall be applicable and the degree of accuracy commensurate with 
the intended function shall be selected, but with the understanding in either case that the decision 
as to degree will be made by the Engineer. 

In all instances, the finally accepted applicable code or standard etc. shall be the version, last 
published prior to the Base Date. 

Where  no  appropriate  code,  standard,  recommendation  and  guidelines  are available, tests 
shall be carried out in accordance with the best manufacturer's standard  practice,  which  needs  
the  approval  of  the  Engineer.  In  case  some supplier's internal factory standards are used, a 
cross-reference to approved standards is required. The Engineer reserves the right to request a 
copy of the supplier's internal standard. 

In such cases the Contractor shall submit to the Engineer complete data and a suggested 
procedure for the testing, to be performed before manufacture of particular item commences. 

If the proposed procedures are approved, the Contractor shall provide the Engineer with three 
additional copies in the English language before any test is performed. 

10.3 INSPECTION AND TEST PROGRAM (ITP) 

The Contractor shall design and implement the Inspection and Test Program (ITP) respectively the 
manufacturing, erection and action programs, indicating all routine tests, intermediate tests, hold 
and witness points for tests and checks and type of reports or certificates to be issued. The ITP 
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shall also indicate for each activity or group of activities the list of applicable drawings, 
specifications and/or acceptance Standards. 

ITP shall be agreed and approved by the Engineer. 

In accordance with and in addition to agreed standards the Contractor shall submit special 
procedures for material testing (if any), manufacture, quality control and performance testing as 
they apply from the procurement phase of raw materials (i.e. Quality Sheets) to the finished and 
installed product. 

No inspection shall be made or deemed valid unless the Engineer is in possession of all  relevant  
approved  drawings  and  procedures  for  the  item  to  be  tested.  At request, the Contractor shall 
submit to the Engineer a copy of drawings and other documentation prior to the test. 

Before the commencement of the manufacture and not later than 60 days after the 
Commencement Date, the Contractor shall submit an outline of proposed ITP. 

Standard Procedures for tests shall be available at the Contractor quality department, if special or 
particular procedures are to be implemented, they shall be sent for information and /or acceptance 
to the Engineer along with the ITP. 

For witness and hold point, where Engineer intends to be present at the test, they shall provide at 
least five (5) day’s notice if the test shall be performed within EU and at least fifteen (15) days 
notice if outside of EU. 

If in case of inspections defined as witness points, the witnessing party is unable to participate on 
the announced date, the inspection shall be performed by an internal inspection department, 
independent of manufacturing, and the work shall be continued. 

In case of inspections defined as hold points, the work shall be stopped until the witnessing party is 
able to attend or witnessing is officially waived. Delays resulting from failure to respond to the 
notification shall not be the responsibility of Contractor. 

All instruments and apparatus required for the inspection or used for the performance of testing 
shall be provided by the Contractor or his Supplier and shall be calibrated. The costs for these 
shall be borne by the Contractor in all cases. 

10.4  TEST APPROVALS 

All materials, components and equipment supplied, as well as Works, performed under this 
Contract shall be subject to the inspection of the Engineer, should they so require during 
manufacture, erection, site assembly, installation, tests and after completion. The inspections and 
tests shall include but not be limited to the requirements of these Specifications. 

The Contractor shall, before sending the notice about the test to the Engineer, assure himself, that 
the machined part or equipment assembly to be taken-over, is manufactured in dimension 
tolerances prescribed and within the quality required. In case that such Workshop inspection finds 
too large dimension discrepancies with respect to the design ones, the Contractor’s design 
engineer shall be informed thereof. The latter shall find an adequate solution to the problem and 
submit it to the Engineer for approval together with necessary supporting documentation, 
descriptions, calculations and/or repair procedures. 

Only after the Employer's representative confirms the adequacy of the presented solution, the 
notice upon the take-over tests (quality, dimensional, functional) may be issued. 

In case the Engineer rejects the presented solution, the Contractor shall either reconsid 

er different solution or manufacture the equipment part or assembly again. 
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10.5 QUALITY CONTROL OF MATERIALS AND EQUIPMENT 

10.5.1 General 

Materials shall be manufactured and tested in accordance with the specified or proposed 
standards, approved by the Engineer. 

All materials and equipment shall be suitably identified and traceable to support test certificates. 

Material and equipment supplier certificates of compliance will be acceptable for minor items only, 
at the discretion of the Engineer. 

For specific equipment, like pressure vessels etc., the Contractor will be required to obtain at his 
own expense a pre-testing certificate from a third party, i.e. from a respective Authority of Republic 
of Slovenia. 

All routine and/or specific tests according to the relevant standards are to be carried out for the 
individual equipment, as specified. 

Specific tests required for the various items of the equipment, parts, materials shall be performed 
in accordance with the relevant section of these Specifications. 

For all major standard parts of the equipment “type” test certificate shall be provided. 

In case that no type test certificates are available, the necessary type tests are to be carried out 
according to the relevant standards. The costs shall be borne by the Contractor. 

The Contractor shall be primarily responsible to ensure the quality of items of equipment supplied 
under the Contract and remains accountable when manufacture or supervision of erection and 
installation is subcontracted, if applicable. It is therefore a requirement of the Specification that 
Work can be subcontracted only to companies with effective Quality Control and/or Assurance 
organizations and that the Contractor monitors the performance of these, by the attendance at 
tests of experienced inspectors employed by the Contractor. 

The Contractor shall, at the appropriate time, prove that his material and/or equipment comply with 
all the requirements of these Specifications, such proof being the successful completion of tests 
and inspections. Certified "routine" test certificates shall be submitted for each item of equipment, 
where applicable. 

10.5.2 Material Tests 

The extent of material tests, the relevant test procedures and limits of acceptance are listed 
hereafter. Based on these requirements, the Contractor shall prepare according to his experience 
a list enumerating all components of the supply to be tested and the corresponding tests to be 
carried out. The Engineer, however, reserves the right to request further tests, if he deems it 
necessary. All inspection certificates shall conform to EN 10204:2004. 

The Contractor shall conduct the chemical analysis, the tensile strength, yield strength, bending 
tests and hardness tests of the materials. The tests shall be performed according to applicable 
regulations defined in: 

EN 10002 part 1-5 Metallic materials, Tensile testing 

EN 10003 Metallic materials, Hardness testing acc. Brinell 

EN 10045 part 1-2 Metallic materials, Charpy impact test 

EN 10229 Evaluation of resistance of steel products to hydrogen    induced 
cracking 

EN 1043 part 1-3 Destructive tests on welds in metallic materials – Hardness  
 testing 

EN 7438 Metallic materials, Bend test 
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ISO 4384 Plain bearings, Hardness test of bearing metals 

DIN 50141 Metallic materials, Shearing test 

The results of the tests shall be recorded properly in material test reports. 

Impact test: 

a) Materials of all principal parts shall be tested for impact resistance using the ISO V - notch 
specimen. Test temperature shall be -20°C for steel plate material (except for stainless steel 
plates where temperature shall be +20°C) and 0°C for all other components if not otherwise 
specified in Technical Specifications. 

b) Structural steel section profile material (L, U, I) and pipes for all other turbine components -  
test temperature shall be +20˚C (acc. EN 10025-2). 

c) An impact resistance shall not be less than the value stated in the applicable material 
standard for the given temperature level, nevertheless the designer can require higher values 
if deemed so. Testing shall conform to the relative specifications and technical requirements 
of EN standard.  

Sample material: 

a) The Contractor shall provide free of charge, enough samples of large steel castings, steel 
forgings and plates to the Employer for his verification of the chemical composition and 
mechanical properties of the material. 

10.5.2.1 Steel Plates 

Plate material shall be subject to acceptance tests in the steel mill according to acceptance 
certificate EN 10204 – 3.1, if not otherwise agreed between the Contractor and Engineer. 

The following tests shall be carried out as a minimum: 

a) 1 chemical analysis per charge 
b) for each normalized plate at head end, at foot end (plate with thickness of ≥25mm and length 

over 15 m), 1 tensile test, in the as received condition, transverse to the principal rolling 
direction 

c) 3 Charpy V-notch impact tests parallel to the direction according product standards: 
(structural steel plate: parallel to the principal rolling direction (acc. EN 10025-1)(stainless 
steel plate: transverse to the principal rolling direction (acc. EN 10088-2) 

(For steel plates with tensile stresses perpendicular to the surface, an additional tensile test in the 
stressed direction shall be performed type Z-35 and the rolling mill shall certify that the plate will be 
suitable for such tensile stress). 

In addition each steel plate shall be checked for: 

a) Surface condition 
b) Thickness 
c) Lamination; all plates shall be ultrasonically examined 
d) Stamping (each plate panel to be stamped after works inspection). The stamped plate 

number and inspector's symbol shall remain visible on the inside of the steel plate. 
Test certificates of the mill certifying the above requirements are necessary. Required test values: 

a) Conforming to guaranteed values of the steel quality. 

10.5.2.2  Forgings 

The following tests shall be carried out as a minimum: 

a) chemical analyses 
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b) on test specimens each taken from both ends of the forged piece: 
• . 2 tensile tests (axial and tangential) 
• . 3 impact tests (Charpy V-notch) 

c) ultrasonic inspection 
d) radiographic inspection (in case of doubt and if applicable) 
e) magnetic particle inspection of the pre- machined work piece 
f) re-forging coefficient at least 2 
g) thermal treatment, including stress relieving test report 
h) final MT/PT inspection of machined surfaces 
i) boroscopic examination for hollow pieces (no indication of segregation or cracks acceptable) 
j) surface roughness inspection on finished (bearing) surfaces 

10.5.2.3 Cast Steel 

The mechanical properties of the casting shall be verified by means of test samples taken from test 
material cast to the component. Such test (sample) material shall be sufficient for at least three 
complete sets of test specimens to allow for the possibility of making good and subsequent reheat 
treatment to obtain the required mechanical properties. All test specimens shall undergo the same 
heat treatment as the component they represent. Number and location of test specimens for 
particular components shall be agreed with the Engineer. 

The following tests shall be carried out as a minimum: 

a) chemical analyses 
b) on test specimens each piece: 

• . 1 tensile tests 
• . 3 impact tests (Charpy V-notch) 

c) radiographic inspection (in case of doubt and if applicable) 
d) Ultrasonic and magnetic particle inspection of the pre- machined work piece 
e) thermal treatment, including stress relieving test report 
f) final MT/PT/VT inspection 

10.5.3 Non Destructive Tests 

Quality control methods, e.g., radiography, ultrasonic, surface crack detection, etc., shall be 
performed in accordance with the appropriate standards, as specified in Technical Specification. 

Additional non-destructive controls can be required when it is desired to examine the acceptability 
of any welds when, in the opinion of the Engineer, serious doubt exists as to their quality; in this 
case, the expenses of such examinations shall be borne by the Contractor. 

10.5.3.1 General description 

Unless otherwise specified, non-destructive tests shall be performed according to the applicable 
EN standard for the method in use. The type, extent and level of non-destructive tests applied on 
parts or welds shall be stated in Contractor's drawings and Inspection and Test Program or 
particular Quality Sheets. 

The following standards shall be observed: 

EN 9712  Qualification and certification of NDT personnel 



LOT T   
Project No.: HIP1---5809 
 
 

 

 

page: 100/117 

EN ISO 17635  NDT of welds; General rules for metallic materials EN 1370 Surface  
  roughness inspection by visual comparators EN 12454 Visual    
 examination of surface discontinuities – Steel and Castings 

EN ISO 17637  Visual examination of fusion welds 

EN 3059  NDT; Viewing conditions for PT and MT EN 3452 NDT; Penetrant  
  testing 

EN 23277  NDT; Penetrant testing of welds; Acceptance levels 

EN 1371 part 1 - 2 NDT; Liquid penetrant inspection of castings 

EN 17638  NDT; Magnetic particle testing of welds 

EN 23278  NDT; Magnetic particle testing of welds; Acceptance  levels 

EN ISO 11666  NDT; UT examination of welds; Acceptance levels 

EN ISO 23279  NDT; UT examination; Characterization of indication  in welds 

EN ISO 17640  NDT; UT examination of welded joints 

EN 10160  NDT, Ultrasonic testing o f  s tee l  f la t  p roduc ts  o f  thickness grater  
  than 6mm 

EN 444  NDT; Radiographic examinations of metallic materials 

EN 1435  NDT; Radiographic examination of welded joints 

EN 10675 1- 2  NDT; RT of welded joints, Acceptance levels 

EN 10228 part 1-4 Non Destructive testing of forgings 

CCH-70-3  Specification for Inspection of Steel Casting for Hydraulic machines 

ISO 4386 part 1-3 Non Destructive Testing of Plain bearings; Metallic Multilayer plain  
  bearings 

EN ISO 5817  Welding; Quality Levels for imperfections 

10.5.3.2 Extent of examination 

Non-destructive examinations shall be applied on all principal parts. Overall examination of 
surfaces shall be carried out after final surface processing or fine machining of these parts. 

10.5.3.3 Examination of welds 

Examination of welds shall be carried out after stress-relieving. All welds on weldments shall be 
non-destructive tested by ultrasonic test (UT), dye penetrant test (PT) or magnetic particle test 
(MT) and supplemented by radio graphic test (RT) where necessary. The supplemented 
radiographic test shall be performed where interpretation of results of other methods is unclear or 
when the soundness of welds is doubtful. Welds on the critical high stress area shall be 
additionally spot- tested by radiographic test method.  The Employer has  the  right  to  ask  the 
Contractor to make random spot-check examination on any weld, including radiographic 
examination. The Contractor shall submit a detail non-destructive test schedule for the Employer’s 
review.  Extent of examination of welds shall be indicated at the workshop drawings. As minimum 
requirement a quality level C or higher for imperfections according to EN ISO 5817 shall be 
implemented. 

10.5.3.4 Examination of castings 

The castings shall be completely (100%) non-destructive examined in accordance with the 
requirements of CCH-70-3 "Specification for Inspection of Steel Casting for Hydraulic machines". 
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The non-destructive examination requirements for castings shall be proposed by the Contractor 
in appropriate Quality Sheet defining areas, inspection methods, extent of examination and 
acceptance levels and approved by the Employer. 

10.5.3.5 Examination of forgings 

The forged components shall be given 100% NDT examination according to EN 10228 so as to 
verify them. The texture of forgings shall be homogeneous and free from white spots, cracks, 
shrinkages or non-removable non-metal inclusions. Excessive concentration of inclusion or 
separation of alloying elements at critical point will cause the rejection of the forgings. The main 
shaft hole through shall be also inspected by means of Boroscopic Test for determination of 
internal defects. The non-destructive examination requirements for major forged components 
(shaft, runner components, etc..)  shall be  proposed by the  Contractor in  appropriate Quality 
Sheet defining areas, inspection methods, extent of examination and acceptance levels and 
approved by the Employer. 

10.5.3.6 Alternative methods of examination 

If the Contractor suggests a more accurate test method or acceptance rule superior to that 
mentioned above, he shall provide a recommended schedule of non- destructive methods applied 
to each principal part. The schedule shall contain the extent of non-destructive tests and 
acceptance rules and grades with respect to each test. 

10.5.3.7 Ultrasonic Tests 

The applicable Standards shall be: CCH 70-3, EN 1714, EN 10228, EN 10160 

Acceptance criteria as minimum required or higher: EN 1712 acceptance level 2; CCH UT 70-3 
acceptance level 3, EN 10228 – quality Class 3 

Extent of examination: at least 50 % of the weld seam, when faults appear, then   
   100% of the weld seams and 100% for all casting and    
  forgings. 

10.5.3.8 Magnetic Particle Tests 

The applicable Standards shall be: EN 17638; EN 10228, CCH 70-3 

Acceptance criteria as minimum required or higher: EN 1291 acceptance level 2X; CCH MT 70-3 
acceptance level 2 or EN1369 severity level 2, EN 10228 – quality Class 3 

Extent of examination: 100 % of the casting and forging surface and 100 % of weld  
   seam 

10.5.3.9 Liquid Penetrant Tests 

The applicable Standards shall be: EN 3452; EN 10228, CCH 70-3 

Acceptance criteria as minimum required or higher: EN 23277 acceptance level 2X; CCH PT 70-3 
acceptance level 2 or EN1369 severity level 2 , EN 10228 – quality Class 3 

Extent of examination: 100 % of the casting and forging finished machined surfaces  
   and 100 % of weld seams where MT is not applicable. 

10.5.3.10 Radiographic Examination 

The applicable Standards shall be: EN 444; EN1435, CCH 70-3 
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Acceptance criteria as minimum required or higher: EN 12517 acceptance level 2; CCH RT 70-3 
acceptance level 2 or EN1369 severity level 2 

Extent of examination:    As agreed with the Engineer. 

In addition to the ultrasonic testing, radiographic examination on 20 % of the welding joints subject 
to water pressure shall be carried out (at workshop welding as well as at Site welding). Particularly, 
T-joints (joints between longitudinal and circumferential welds) shall be subject to radiography. 
Also all repaired portions of welding joints shall be re-examined with the radiography. 

10.5.4 Welding 

Quality  requirement  for  fusion  welding  of  metallic  materials  shall  be  selected according to the 
EN 3834 - Part 2 – Comprehensive Quality requirements. 

The Contractor shall review the contractual requirements and any other requirements, together 
with any technical data provided by the Employer or in- house data when the construction is 
designed by the Contractor. The Contractor shall establish that all information necessary to carry 
out the manufacturing operations is complete and available prior to the commencement of the 
work. The Contractor shall affirm its capability to meet all requirements and shall ensure adequate 
planning of all quality-related activities. 

The review of requirements is carried out by the Contractor to verify that the work content is within 
its capability to perform, that sufficient resources are available to achieve delivery schedules and 
that documentation is clear and unambiguous. The Contractor shall ensure that any variations 
between the contract and any previous quotation are identified and the Engineer notified of any 
program, cost or engineering changes that may result. 

For each weld, documentation, bearing an identification designation shall be prepared. It shall 
encompass the following: 

a. welding program, 
b. program of tests, 
c. designation of all welds, which shall be examined 

The weld kind shall be evident, so that it is determined regarding pretentiousness, such as: 

a. bearing weld, 
b. normal weld, 
c. sealing weld. 

It shall be evident from the program of tests and inspections and from the technology 
documentation what inspections and activities shall be performed at doing the weld edges and 
surfaces, with the following description: 

a. Inspections before beginning of welding, 
b. Inspections during welding, 
c. Inspections after welding, 
d. Inspections of loading. 

10.5.4.1 Welder's Tests 

Prior to commencing of welding, all welders shall have, to the satisfaction of the Engineer, 
completed test plates in the welding processes, welding positions, of joint types and steel 
corresponding to the production welding type, they will be performing. 

The test plates shall be cut out of the thickest normalized steel plate to be used on the plate steel 
constructions. Welders who will be engaged in welding of quenched and tempered steel shall be 
qualified on test welding of this steel quality. 
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All welders engaged to perform welding for the subject Works shall pass the welder's qualification 
tests according to standards valid in the Republic of Slovenia (SIST  EN  287-1). The welder 
qualification certificates shall be forwarded for approval to the Engineer together with the welding 
drawings. 

The Contractor shall submit a description of the proposed weld procedures for approval by the 
Engineer, one month prior to commencing the welding tests and the production welding. 

The test plates required for the welder's qualification may also serve for the qualification of the 
proposed welding procedure. 

10.5.5 Painting Quality Control 

The scope of the Painting Quality Control shall include the control of materials being used for 
Protection against Corrosion, the procedures of application of them as well as the state after 
termination of works, in intermediate phases and/or as finished. General requirements regarding 
the corrosion protection are indicated in the Chapter 6 of these Specifications. 

The first and each successive coat at the Workshop / Site shall not be applied without inspection 
and approval by the Engineer. 

The minimum dry-film thickness prescribed in these Specifications shall be observed so that of 
each 1.0 m2 of painted surface at least 10 points equally repartitioned will be measured for dry-film 
thickness. No measured thickness shall be less than the specified min. thickness. Where the 
minimum thickness is not achieved, the coat shall be repaired to reach the minimum dry-film 
thickness specified. 

Upon completion of each coat, the painting personnel shall make a detailed inspection of the 
painting finish and shall remove from adjoining work all spattering of paint material. He shall also 
make good all damages that may be caused by such cleaning operations. 

A detailed inspection of all painting works shall likewise be made and all abraded, stained, or 
otherwise disfigured portions, which shall be touched up satisfactorily, or refinished as required, to 
produce a first-class job throughout and to leave the entire Works in a clean and satisfactory 
condition. 

For estimation of the type and degree of the faults, appearing during and after performance of the 
protection against corrosion, reference standards alleged in the preface to Chapter 5 of this Vol. 3 
shall be used. The equivalent ones shall be applied, if approved by the Engineer. 

10.5.6 Pressure Tests 

If not otherwise specifically required pressure tests shall be carried out with water. Execution of 
pressure tests shall be at a pressure 1.5 times the design pressure and maintained for 30 minutes 
then reduced to zero pressure and increased back to the working pressure and maintained for 
another 30 minutes. 

10.5.7 Test Certificate Documentation 

The results of all tests shall be certified by the Contractor, as well as by of the Engineer. 

Document files containing material certificates, welding procedures, test reports etc. shall be 
compiled for each item of equipment and shall be suitably identified (including equipment 
classification reference) and bound in “Data Book”, comprising all documents, pertaining to one 
Unit, according to the approved Quality Plan. The “Data Book” for each Unit shall be issued in 14 
days upon the last Workshop Test. 

Two copies of each document file containing inspection reports and certificates of Site Erection 
and Installation testing activities of a particular item of equipment or system shall be supplied to the 
Engineer prior to Tests at Site. 
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Pre-commissioning and commissioning Test Reports shall be prepared by the Contractor and 
submitted to the Engineer in two hard copies and one CD. 

All equipment supplied shall be equipped with CE markings, EC declaration of conformity and 
other certificates in accordance to European regulations. 

10.6 TESTS ON COMPLETED EQUIPMENT AT CONTRACTOR 

This Chapter contains requirements for tests on completed equipment in the contractor's and/or 
subcontractor’s workshops. 

10.6.1 General 

Components of equipment shall be subject to appropriate tests during manufacture.  

The equipment shall, wherever practical, be subject to tests on functionality and/or completion in 
the Contractor's and/or Subcontractor’s Workshops to prove that the design, manufacture and 
performance conform to the requirements of these Specifications and the provisions of the 
appropriate standards. 

The Contractor shall submit for approval procedures describing the proposed test methods to be 
used. Type and layout of test facility, location of instrumentation, formula for calculation of results 
and correction to conditions at Site etc. shall be included where appropriate. 

The electric motor, used for driving equipment during testing, shall wherever possible be the 
service motor for that item. In all cases performance certificates for the motors used shall be 
available for the examination by the Engineer and shall be included in the report issued for the item 
tested. 

10.6.2 Particular requirements for testing of equipment 

This chapter is related to the special conditions and requirements related to the inspection, testing 
and acceptance of equipment during assembly in the Contractors facility in order to check 
compliance with requirements, technical specifications as well as to ensure reliable and 
functionally appropriate operation of installations and power plants as a whole. 

As minimum following assemblies shall be factory tested, which include pressure tests or leakage 
tests, functionality simulation, measuring of gaps and other important dimensions: 

a) Kaplan runner 
b) Guide vanes servomotors 

All factory tests shall be indicated in the ITP and results shall be documented in accordance with 
these specifications. 

10.6.3 Mechanical Equipment 

Tests of mechanical equipment, particularly of the parts and components of generating equipment 
of mechanical character shall be as far as feasible performed in the Contractor’s workshop. Type 
test certificates, if appropriate, shall be submitted. Particularly this shall be valid for cooling system 
equipment and drainage system equipment. 

Particular care shall be devoted to careful balancing of rotating parts and complete components, 
where only the components shall be used which do not depart in the mass excessively, each to the 
other. The balancing equipment shall be of high sensitivity type assuring the quality of balancing 
according to applicable standards for equipment or particular requirements in these Specifications. 
The necessary masses shall be added as far as possible in the plane, where unbalance is located. 
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Balancing shall be performed in particular stages of assembly and at the end in fully assembled 
state. 

The Contractor shall prepare a comprehensive description of each test. This shall include the type 
and classification of all test equipment and shall be submitted to the Employer at least one month 
before the proposed date on which each test is to be carried out. 

All finished surfaces in contact with others, especially of split turbine parts, shall be checked 
regarding necessary contact and alignment between the adjacent ones. 

All tests in the Contractor's Workshop(s), which shall be performed in the presence of the 
representatives of the Employer, are to be performed before dispatch to the Site. 

10.6.4 Electrical Equipment 

Type test certificates issued by an independent test authority shall be submitted to the Engineer. 
Only proven material, components, and technologies shall be considered and approved, if 
appropriate. 

Testing of electrical equipment shall comply with all the related laws, technical rules, and 
regulations applicable in the Republic of Slovenia, and following internationally recognized codes 
and standards, indicated for typical electrical equipment in these specifications. 

10.7 TESTS AND INSPECTIONS AT SITE 

10.7.1 General Requirements 

The subject clause deals with general conditions and requirements for inspections, tests, and 
taking-over of equipment and works during assembly, erection, and trial run in order to prove 
adequacy considering prescriptions, regulations and technical specifications and to ensure reliable 
and functionally adequate operation of the devices and plant as a whole. 

The Employer and/or his authorized supervisor have the right of supervision and inspections at any 
reasonable time. 

The Contractor shall prepare a program (including time schedule) of tests and inspections to be 
performed in compliance with these technical specifications and shall submit it to the Employer for 
approval. 

At tests, which are within the scope of services of the Contractor, the Employer’s supervisor and 
other institutions at the Employer’s discretion shall co-operate. 

10.7.2 Tests at Site before dismantling 

Contractor shall before beginning any disassembly works perform all necessary and required 
measuring indicated in these specifications or according in advance planned program of tests and 
measurements that is approved by Employer. Results of measurements before dismantling shall 
be documents and handed over to Employer before start of disassembly. 

10.7.3 Tests at Site during erection works 

Before each continuation of particular erection phase, the Contractor shall acquire from the 
Engineer a written confirmation on successful completion of the previous phase. If for a verification 
of completion and/or for enabling the inspection the prematurely assembled parts shall be 
dismantled, the Contractor shall bear all the expenses. He shall also not be entitled to any delays 
on this account. 
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Upon the Contractor’s written confirmation of erection works completion for a certain equipment 
assembly or unit, related functional tests may begin. 

If the Employer deems that some tests are inadequate or have been inadequately performed, the 
Contractor shall perform them again, in the appropriate manner, so that the adequacy of the 
erection and functionality of the equipment is established. 

If after the completed tests of certain equipment, the Employer ascertains that the equipment or its 
part is inadequate, or does not comply to these technical specifications, he may reject the 
equipment or equipment part. Upon the rejection and the reasons for this, he shall send the 
Contractor a written notice in due time. 

10.7.4 Particular requirements for Site tests of equipment 

Hydraulic performance tests and dynamic characteristics of turbines on unit 1 and 2 were 
performed by company Turboinštitut in May 2011. Results of those tests are indicated in the report 
No.: 2583 that is part of Employer documentation enclosed in the Book 4. 

In the scope of reconstruction it is not foreseen to repeat complete measurements of hydraulic 
performances with absolute methods, however, Contractor is bound to guarantee that test results 
of hydraulic performances and dynamic characteristics of units within the scope of commissioning 
tests after reconstruction will not be inferior from those in the report from Turboinštitut. 

In this sense it is necessary to take into account results of measurements indicated in the 
commissioning tests reports of Unit 1 and 2, enclosed in the Book 4. 

This is particularly valid for: 

a) Control of optimum relationship between guide vanes and runner blade openings (on-cam 
operation); 

b) Control of hydraulic regulator parameters; 
c) Turbine maximum power output; 
d) Pressure increase in water system during transients based on inertia of generator rotating 

parts (J = 65tm2); 
e) Vibration dynamic characteristics on bearings; 
f) Run-out dynamic characteristics on shafts; 
g) Torque pulsations; 
h) Temperature in the bearings (oil and segments); 

10.7.5 Commissioning tests 

10.7.5.1 Test before startup of equipment (pre-commissioning tests) 

Contractor shall, together with other suppliers (Lot G), perform all the tests and checkup of 
systems like station service LV and MV equipment, generator voltage equipment, controls, 
protection, civil electrical installation, HVAC system and others within the scope of these Tender 
that are connected to the earthing, cable laying, cross-connections of equipment, labeling, closing 
the cable trays, etc.. 

Contractor shall after completion of erection works on assembled equipment perform final tests 
that will enable continuation of commissioning tests. Within the scope of tests that shall be 
performed after completion of erection works it is necessary to demonstrate that complete 
assembled equipment is safe for operation and is in accordance with technical requirements of 
these specifications. 

After tests of single components, the tests of complete systems and assemblies shall be performed 
by Contractor with assistance of supplier’s supervisors and Employer: 
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a) Control of all electrical connections; 
b) Control of suitability of internal electrical connections of control signals, alarms and auxiliary 

systems; 
c) Control of insulation with Megger test; 
d) Control of return lops. 

Contractor shall perform settings and calibration of relays, sensors, transmitters and actuators. 

10.7.5.2 Commissioning tests 

After successful pre-commissioning tests it is possible to start: 

a) Dry commissioning tests before filling the water ways that include complete inspection of 
erection works of equipment and systems; 

b) Wet commissioning tests that include filling the water ways, first rotation of turbine with water, 
synchronization of unit with grid, load tests and all other tests. 

10.7.5.3 Commissioning test requirements  

Commissioning tests of equipment and systems after finalization of erection works shall be 
performed under supervision of Commissioning test Coordinator, which will be nominated by 
Employer. 

Tests shall start after the written notification of commissioning test coordinator by Contractor, that 
all the works on equipment and systems are finished. 

Together with notification, Contractor shall deliver also complete program of tests that will prove 
quality of completed erection works and time schedules of tests. 

Participants of tests are Contractor, supervisor, tests coordinator and equipment supplier’s 
supervisor if applicable. 

10.7.5.4 The role and responsibility of Head of Commissioning test 

Head of commissioning tests of the units, systems and common devices are nominated by 
participant Contractors and approved by Employer. Head of commissioning tests for complete unit 
shall be nominated by Contractor under Lot T (under this Tender). Commissioning test coordinator, 
nominated by Employer shall be responsible for coordination of tests between different 
Contractors. 

Role and responsibilities of Head of Commissioning tests are following: 

a) Prepare common tests time schedule, coordinated and based on partial time schedules 
prepared by Contractors and / or supervisors; 

b) Perform tests taking into account contractual requirements, operating instructions for 
individual systems and power plant as whole and instructions for safe work; 

c) Require written notifications that all works are completed; 
d) Require documents of successful completion of particular tests for each stage of tests 
e) Coordination of works between Contractors, head of commissioning and Employer; 
f) Regular reporting to Employer about progress of testing. 

Head of commissioning tests is authorized to: 

a) Give permission for continuation of tests after all condition are full field; 
b) Stop the testing if he consider that tests could be dangerous for equipment under tests or 

other devices in the power plant; 
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c) Stop the testing if this is required by the Contractors that supplied equipment or by power 
plant operator. 

10.8 TRIAL RUN 

After commissioning tests are completed and after Employer confirm all test results with internal 
technical inspection a trial run could start. 

Duration of trial run shall be sixty (60) days without interruptions. Short interruptions for fine tuning 
and adjustment works are not considered. 

A successful trial run is considered if 90% availability of equipment and unit is achieved during 60 
days period. In case that percentage (%) of availability is not achieved, the trial run shall be 
extended accordingly. 

Employer has right to stop the trial run at any time. These interruptions are not considered in the 
availability calculation. 

During trial run period, the operation of equipment and functional systems is under responsibility of 
Contractor together with Employer operating personnel that will be trained during this period. 

In case of interruption of trial run due to fault of equipment, Employer and Contractor determine the 
reason and type of the fault.  

During trial run all the load tests of equipment shall be performed. Also during the trial run 
Contractor shall finalize as build documentation and operation and maintenance manual within the 
scope of works. 

Trial run is completed after written notification of Employer. 

10.9 TAKING-OVER OF EQUIPMENT 

After successfully completed commissioning test, trial run and technical inspection Employer issue 
“Takeover certificate” with the date of acceptance of equipment. 

10.10 TECHNICAL INSPECTION 

In order to enable Employer to apply for operating permit, Contractor shall prepare all necessary 
documentation foreseen by Construction law (ZGO). 

During technical inspection Contractor shall observe all comments made by authority, submit 
documentation, participate in comities and remedy identified shortcomings – all in accordance with 
the Construction Law (ZGO Ur. List RS št. 110/02) until successfully done technical inspection and 
obtained operation permit. 

10.11 CONTRACTOR’S QUALITY ASSURANCE 

The Contractor shall perform quality assurance in compliance with the standards of ISO 9000 and 
ISO 10006 series. The quality assurance programme shall prevent or early disclose all possible 
mistakes or inconsistencies, so that these may be timely and correctly mended. 

10.11.1 General 

The Contractor shall for particular professions, i.e. for mechanical and electric works, describe the 
procedures for quality assurance and submit them to the Engineer's for information. 

The description shall comprise mainly the following: 

a) organisation of quality control with the list of responsible persons, 
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b) program of the procedures anticipated for quality control of the works. 

10.11.2 Documentation of tests 

The Contractor shall thoroughly document all particular tests performed at Site with a purpose of 
quality assurance. 

The testing procedure with explanation and description, with the list of instruments applied, test 
results and test result assessment shall be thoroughly described. 

The documentation shall encompass the following as a minimum: 

a) identification number, 
b) the subject and place of test, 
c) date of test, 
d) kind of test, 
e) standards and regulations considered, 
f) certificates, 
g) persons attending to test, 
h) test results and assessment, 
i) notes. 

10.11.3 Documentation of Test Certificates 

Upon completion of erection and before commissioning the Contractor shall hand- over to the 
Engineer four copies of documentation, which encompasses all the reports on inspections, all test 
certificates, attests on materials applied, all measuring  protocols  and  other  by  law  defined  
technical  documentation  for  a technical survey. 

11. SAFETY AT WORK, FIRE FIGHTING AND ENVIRONMENTAL PROTECTION 

11.1 GENERAL 

The Contractor shall be fully responsible for the safety (regarding safety at work, protection against 
fire, fire fighting and regarding environmental protection) at manipulating and operating with the 
equipment and materials being supplied by him under the present Contract. The responsibility 
refers to all stages of preparation of documentation: from the selection of suitable materials, 
allowed stresses and calculations to be performed as prescribed within these Specifications, to 
preparation of erection and maintenance instructions. 

The Contractor and its responsible staff e.g. design and calculation engineers, manufacturing and 
testing personnel, supervisors in the Workshop as well as at the Site, shall be responsible for all 
aspects of safety of the equipment and materials being supplied.  

The Contractor shall be responsible for the safety of the equipment being subcontracted in all 
above cited respects. Special care shall be devoted to the safety of the personnel being temporary 
exposed or permanently in contact with equipment and materials as above.  

The parameters being selected for the performance of Works related to said activities shall be of 
the nature and level reasonably eliminating any possibility of appearance of the accidents related 
to defects due to improper design, manufacture, erection and testing of equipment, occurring 
during the normal and transient and/or emergency conditions of operation. 
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The above responsibility of the Contractor is with respect to defects having as consequences the 
failure of the components and/or complete equipment supplied having as final result personal 
injuries or even death.  

It is responsibility of Contractor that only technical solutions of the design and/or the incorporated 
subcontracted items, which assure the above cited criteria, respecting all the safety rules as 
specified hereinafter, shall be implemented and/or used within the scope of Work of the present 
Contract. 

The Contractor is responsible for adequate selection and engagement of the qualified personnel, 
being completely familiar with the nature of products and/or equipment being dealt with, for whole 
period of time up to the end of the Defects Notification Period. 

The Contractor shall with respect to the above responsibility organise all necessary education of 
the personnel involved.  

The instructions and/or the manuals for erection, operation and maintenance shall be prepared 
accordingly and shall include all the prescriptions, rules, warnings and information regarding safety 
manipulating and operating with the equipment and materials. 

Special care of the Contractor shall be devoted to the selection of the elements and/or apparatus 
containing pressurised gases and/or fluids, their structural, tightening and operational safety which 
shall be covered by the responsibility of the Contractor as cited above. 

The Contractor shall assure all the measures necessary for elimination of risks related to the 
emergency operation of the equipment being supplied under present Contract. 

The Contractor shall before the beginning of any Site activities issue a signed written statement on 
consideration of all respective laws and regulations, valid in the Republic of Slovenia. 

The Contractor shall assure that his working process does not endanger other participants at the 
Site and to protect dangerous areas. 

The Contractor is responsible for organizing safety at work on his own throughout performing his 
works. The Contractor is also responsible for eventual accidents of his personnel at work and for 
the accidents concequences according to stipulations of the Written Agreement on safety 
measures and in accordance with regulations from the field of safety at work and fire fighting. 

The Contractor shall for his scope of works ensure internal surveilance regarding safety and health 
at work.  

In case the Contractor does not fulfill the precautions alleged in the Safety Plan and measures 
inscribed into the book of measures for safe work, the Employer may order such works elswhere 
and charge the expences to the Contractor. The expences for which the Employer shall charge the 
Contractor shall be compensated by an appropriate share of the monthly payment.  

The Contractor shall also consider respective internal documents of the Employer. 

11.2 SAFETY AT WORK 

The Contractor shall for all the services and activities to be performed by his personnel at the Site 
provide adequate instructions for safe work and appropriate personal safety equipment for his 
personnel. The Contractor shall prepare instructions for safe work for his scope of Works and 
coordinate those with other contractors and perform the services and activities complying with the 
Safety Plan to be prepared by the Employer. 

The Contractor will receive a Written Agreement about organizing common measures for safety 
and health at work on the common construction Site, prepared by the Employer, which he shall 
sign before the start of any works at Site. 

The Contractor shall before beginning of the works arrange the Site as follows: 

a) arranging of electric installation for drives and local lighting of his Works, 
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b) building and arranging of the rooms for storing of dangerous substances, 
c) arranging means of handling, shifting, transport and unloading of different kinds of equipment, 
d) determining way of work at places where dangerous gases, dust and vapours originate or 

where fire may occur,   
e) determining of kind and spots for devices and insurance that correspond to the working place 

location, 
f) determining of kind and way of performance of erection platforms for his Works, 
g) providing way of securing against fall from the height or into the depth, 
h) defining of working places, exposed to greater danger for life and health of workers, 
i) providing kinds and quantities of necessary protective means and protection equipment, 
j) providing measures and means of protection against fire at Site, 
k) organising of the first medical aid at Site, 
l) organising of accommodation, nutrition and transport of the personnel to and from the Site, if 

necessary, 
m) taking other necessary measures for safety at work.  

If the parties who signed this agreement have co-operants or workers with individual contracts and 
they perform the works at Site, they shall make further agreements in the sense of law on safety 
and health at work and they are the only parties responsible for the workers.  

The Contractor shall, for particular works, which will be of temporary character, perform annexes to 
the written agreement and technical rules on general measures of safety in the electro-outh 
buildings of TPV01.  

The Contractor’s personnel shall be acquainted with the agreement’s content and shall also be 
adequately trained.  

Each contractor shall give a notice to the Inspection of Work upon the beginning of the works 
according to the agreement.   

All the workers at Site shall be accident and health insured according to the regulations valid in the 
Republic of Slovenia. 

The Contractor shall ensure his personnel to be uniformed, recognized and tidy, in accordance 
with the following Employers requirements, namely: 

a) all personnel of the same contractor or sub-contractor shall have the same uniforms and shall 
ware helmets of the same colour, where at the outer side a workers  name and surname shall 
be clearly marked; 

b) all foremen (or work section leaders) of the same contractor or sub-contractor shall have the 
same uniforms and shall ware helmets of the same colour, where at the outer side a 
foremans (or work section leaders) name and surname shall be clearly marked; 

c) the Contractor’s personnel shall on the clothing have a visible logo of the firm, to which they 
work for; 

d) all the Site leading personnel of the Contractor (Site manager, engineers and technicians) 
shall have the same uniforms and shall ware helmets of the same colour, where at the outer 
side a workers name and surname shall be clearly marked; 

e)  for the Engineers representatives and supervisors a blue colour helmet is reserved, whereas 
the contractors may use all other colours, respecting the above requirements; 

f) The Engineers representative and supervisors have full authority to remove from the Site 
anyone who doesn’t respect requirements regarding uniforms, recognition and tidyness.       

The responsible personnel shall bear also ad additional designation, from which their position and 
responsibility is evident.    
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Below the regulations are listed of which latest edition the Contractor shall consider during 
performing the works at Site: 

11.2.1 Regulations at Safety and Health at Work 

a) Zakon o varnosti in zdravju pri delu (ZVZD-1) (Ur.l. RS, št. 43/2011) 
b) Pravilnik o varnosti strojev (Ur.l. RS, št. 75/2008)  
c) Pravilnik o varnosti in zdravju pri uporabi delovne opreme (Ur.l. RS, št. 101/04, 43/2011-

ZVZD-1) 
d) Pravilnik o splošnih ukrepih in normativih za varstvo pri delu z dvigali (Ur.l. SFRJ, št. 30/69, 

Ur.l. RS, št. 56/1999, 43/2001-ZVZD-1) 
e) Pravilnik o varstvu pri delu pred nevarnostjo električnega toka (Ur.l. RS, 29/92, 56/1999-

ZVZD, 43/2011-ZVZD-1) 
f) Maksimalno dovoljene koncentracije škodljivih plinov, par in aerosolov v atmosferi delovnih 

prostorov in delovišč JUS Z.B0.001 (Ur.l SFRJ, št. 35/71) 
g) Odločba o jugoslovanskem standardu za dnevno in električno razsvetljavo v stavbah JUS 

U.C9.100 (Ur.l. SFRJ, št. 48/62) 
h) Pravilnik o organizaciji, materialu in opremi za prvo pomoč na delovnem mestu 

Ur.l. RS, št. 136/2006 (Ur.l. RS, št. 61/2010-ZRud-1 (62/2010 popr.), 43/2011-ZVZD-1) 
i) Pravilnik o zahtevah za zagotavljanje varnosti in zdravja delavcev na delovnih mestih (Ur.l. 

RS, št. 89/1999, Ur.l. RS št. 39/2005, 43/2011-ZVZD-1) 
j) Uredba o zagotavljanju varnosti in zdravja pri delu na začasnih in premičnih gradbiščih (Ur.l. 

RS, št. 3/2002, 57/2003, 83/2005) 
k) Pravilnik o varstvu pri nakladanju in razkladanju tovornih motornih vozil (Ur.l SFRJ, št. 17/66, 

Ur.l. RS, št. 56/1999-ZVZD, 43/2011-ZVZD-1) 
l) Pravilnik o tehniških normativih za nizkonapetostne električne instalacije (Ur.l. SFRJ, št. 

53/88, Ur. l. RS, št. 52/00 - ZGPro, 83/2005, 41/2009) 
m) Odlok o maksimalno dovoljenih ravneh hrupa za posamezna bivalna okolja ter za bivalne 

prostore  (Ur. l SRS, št. 29/80, Ur. l. RS, št. 45/95, 14/99) 
n) Odlok o maksimalno dovoljenih ravneh hrupa za posamezna območja naravnega in 

bivalnega okolja ter za bivalne prostore Ur.l. SRS, št. 29/1980 (Ur.l. RS, št. 45/1995, 14/1999) 
o) Pravilnik za izvajanje meritev maksimalno dovoljenih ravni hrupa v bivalnem in naravnem 

okolju (Ur. l. SRS št. 19/77) 
p) Pravilnik o ravnanju z odpadki (Ur. l RS, št. 84/98, 45/2000, 20/2001, 13/2003, 41/2004-ZVO-

1, 34/2008) 
q) Pravilnik o varovanju delavcev pred tveganji zaradi izpostavljenosti hrupu pri delu (Ur.l. RS, 

št. 7/2001, 17/2006 (18/2006 popr.), 43/2011-ZVZD-1) 
r) Uredba o mejnih vrednostih kazalcev hrupa v okolju Ur.l. RS, št. 105/2005 (Ur.l. RS, št. 

34/2008, 109/2009, 62/2010) 

11.3 PROTECTION AGAINST FIRE AND FIRE FIGHTING 

11.3.1 Introduction 

The Contractor shall before beginning of the works into the afore-mentioned agreement include 
also a clause which defines, that all the undersigned are obliged to perform at Site all the 
prescribed and generally recognised measures on protection against fire. 

http://www.uradni-list.si/1/objava.jsp?urlid=2006136&stevilka=5692
http://www.uradni-list.si/1/objava.jsp?urlid=201061&stevilka=3351
http://www.uradni-list.si/1/objava.jsp?urlurid=20103511
http://www.uradni-list.si/1/objava.jsp?urlid=201143&stevilka=2039
http://www.uradni-list.si/1/objava.jsp?urlid=199545&stevilka=2170
http://www.uradni-list.si/1/objava.jsp?urlid=199914&stevilka=687
http://www.uradni-list.si/1/objava.jsp?urlid=2005105&stevilka=4558
http://www.uradni-list.si/1/objava.jsp?urlid=200834&stevilka=1365
http://www.uradni-list.si/1/objava.jsp?urlid=2009109&stevilka=4981
http://www.uradni-list.si/1/objava.jsp?urlid=201062&stevilka=3503
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In the event of a fire all the workers, irrespective of appurtenance of the undersigned, are obliged 
to extinguish the fire, to save people and equipment, unless their own life and health is 
endangered.    

11.3.2 Obligations of the Contractor 

Preventive Measures at Assembling and Use of Electric Installations and Devices: 
The following shall be enabled: 

a) Switching-off of particular consumers and of the entire auxiliary subdistribution; 
b) In case that there are closed storage areas of flammables or explosive substances at Site, 

the electric installations and devices shall be of “Ex” type; 
c) All the participants in the works at Site shall be acquainted with the danger of fire break out, 

which might be caused by electric installations, electric devices, etc.; 
d) Electric installations shall obligatorily be inspected before use. The inspection may only be 

performed by a specialist, who shall issue the certificate with measurement results; 
e) Adequate maintenance of electric installations, devices, etc. shall be organised.  

Damages on electric installations as a consequence of irresponsible and negligent treatment may 
cause a fire break out. A potential danger for a fire break out present also the electric devices, 
tools, etc. that are not impeccable or adequately maintained. Because of the above- mentioned it 
shall be organised that each worker at Site, who notices any defect or damage on electric 
installations reports it to the Site leader.       

The responsible person at Site shall claim from the personnel performing electric installations, 
assembling electric devices, etc. to submit a written statement or to issue measurement results by 
which adequacy considering regulations is proved.     

Removal of Dangerous Flammable Wastes from the Site 
Among flammable materials, which appear at Site as wastes, are the following materials: 

a) wood wastes, 
b) sawdust, 
c) paper wrappage, 
d) oddments of flammable isolation materials. 

Wood and sawdust at Site shall be simultaneously eliminated. The said materials shall be 
deposited in such a way that a fire break out is prevented.    

Paper wrappage shall be removed. 

Oddments of flammable isolation materials (cables) shall be removed from the Site – i.e. 
eliminated by the related contractors. 

Whenever there is any possibility that the ash still contains embers, it shall be poured with water so 
that fire couldn’t break out.  

Preventive Measures at Welding Works 
From the area of danger (sparkling) all the flammable materials shall be removed; free electric 
installations shall be adequately protected (thin plate).  

Vertical and horizontal openings shall be closed tightly in order to prevent sparkling into other 
rooms.  

In the room, where welding works are performed, there should only be as many gas bottles as 
needed for undisturbed work. The stand-by gas bottles shall be safely stored outside the room. In 
the welding room there shall be fire extinguishers ready for use.   
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The responsible work leader shall before beginning of works ascertain himself of whether the 
preventive measures have in fact been considered. 

The responsible welding work leader may leave the room, where welding works have been 
performed only when he ascertains himself that there is no longer any danger for fire break out.  

Manner and Scope of Qualifying of Workers  
For well organised fire prevention activities it is essential that all the workers are acquainted with 
the following: 

a) fire danger, which exists at working places or in working rooms and preventive measures, 
which shall be taken considering the ascertained danger, 

b) manner of application of the means for fire extinguishing (i.e. of fire extinguishers) available, 
c) physical and chemical properties of dangerous substances (flammable liquids, technical 

gases), if they use such substances at work.     
The Most Effective Fire Extinguishers for Extinguishing Fires That Break Out at Site  

a) Hand fire extinguisher with the ABC powder (flammable liquids), 
b) Hand fire extinguisher with CO2. 

The Contractor shall provide for the fire extinguishers to use at Site himself. 

The Undersigned of the Agreement on Fire Precautions at Site   

The undersigned of the agreement, who begin working at Site, shall before beginning of the works 
report at the operation leader and, during his absence, to the plant duty. The operation leader and, 
during his absence, the plant duty is obliged to acquaint them with fire precautions at Site, with 
rooms and where the materials and equipment may be stored. Duty of the operation leader and, 
during his absence, of the plant duty is to acquaint the undersigned, what materials they will work 
with especially what concerns fire precautions. Especially, he shall point out the flammable 
materials that shall be stored separately from other materials, sources of heat and other flammable 
materials, such as technical gases, liquified oil gas, isolating materials, wood and sawdust.     

All the workers of the undersigned shall be qualified for safe work in the sense of fire precautions. 
They shall be acquainted with all the dangerous materials that threaten fire safety at Site. They 
shall be qualified for use of the fire extinguishers, which appertain to their work, especially of hand 
fire extinguishers. The undersigned may use only impeccable and checked hand fire extinguishers 
with ABC or CO2.  

They shall use the electric devices, which comply to the regulations and standards. Use of tools 
and machines, which are not impeccable and could endanger fire safety, is forbidden. 

The Contractor and the undersigned workers shall, after the works are finished, arrange the 
working place so, that the fire break out is prevented. They are obliged to switch-off all the electric 
driven devices and machines, to gather in and switch off all the electric cables and switch off and 
lock the electric distribution boards, which are at use during works.  

The undersigned are obliged to report to the operation leader and, during his absence, to the plant 
duty every noticed detail that might cause a fire break out. In case that they can, without 
endangering themselves and other workers, eliminate the defect, they are obliged to do so 
immediately.   

All the damaged, emptied and all the extinguishers, to which the term of checking has run out, shall 
be replaced with impeccable hand fire extinguishers. 

In continuation the regulations are alleged, of which latest edition shall be considered by the 
Contractor at Site, namely: 

11.3.3 Regulations on Protection against Fire  

a) Zakon o varstvu pred požarom (ZVPoz) (Ur.l. RS, št., 3/2007-UPB1, 9/2011, 83/2012) 
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b) Požarna varnost v stavbah (SIST HD 637) 
c) Pravilnik o zasnovi in študiji požarne varnosti (Ur. L. RS 12/2013) 
d) Pravilnik o tehničnih normativih za hidrantno omrežje za gašenje požarov (Ur.l. SFRJ, št. 

30/1991, RS, št. 52/2000, 83/2005) 
e) Pravilnik o varstvu pri delu pred nevarnostjo električnega toka (Ur.l. RS, št. 29/1992, 56/1999-

ZVZD, 43/2011-ZVZD-1) 
f) Pravilnik o požarni varnosti v stavbah (Ur.l. RS, št. 31/2004, 10/2005, 83/2005, 14/2007, 

12/2013) 
g) DIN 4102, Teil 4 Brandverhalten Von Baustoffen Und Bauteilen 
h) DIN 14090 Flachen Fur Die Feuerwehr Auf Grundstuck 
i) Odredba o protieksplozijski zaščiti Ur.l. RS, št. 102/2000, (Ur.l. RS, št. 91/2002, 16/2008, 

1/2011, 17/2011-ZTZPUS-1, 103/2011) 
j) Uredba o skladiščenju nevarnih tekočin v nepremičnih skladiščnih posodah 

(Ur.l. RS 104/2009) 

11.3.4 Preventive measures at storing and use of dangerous substances at site  

This Chapter contains preventive Measures at Storing and Use of Flammables, Technical Gas and 
Other Dangerous Substances at Site. 

Under the term “dangerous substances” the substances are meant that may cause fire, poisoning 
and similar harmful consequences. 

Dangerous substances, which will be present at Site, are: 

a) flammable liquids: oil, gas, colours, diluents, etc, 
b) flammable gases: liquid oil gas (propan - butane), dissous gas,liquefied gas, 
c) substances, dangerous for fire breaking-out: wood, flammable packing materials, cable 

insulation.  
Storing at Site:  

a) open storehouse with or without a jutting roof (wood, mechanical equipment, cables), where 
the materials shall be surveyably folded, 

b) closed storehouse, fenced in by a wicker wire fence of at least 2 m height and with protective 
jutting roof, which shall protect against sun rays and other weather influences and locked 
(gas bottles in a vertical position – secured against falling and separated full from empty), 

c) closed storehouse with a jutting roof, fenced in by a wicker wire fence of at least 2 m height, 
with isolated floor and a water impermeable edge protection of at least 15 cm height. The 
storage shall be locked (flammable liquids – petrol, oil, diluents, colours, etc.). 

d) At storing and pouring of oils catching pans shall ne used, preventing eventual oil spilling. 
Safety measures and procedures to be followed manipulating fuels and oils at Site (also 
referring to new oil storage), shall be documented by the Contractor in detail. Effective 
supervision and also prevention of fuel and oil spilling shall be assured.   

Locations of storehouses shall already be dealt with in the report on the environmental protection. 
Because of the danger they shall be located enough distant one from another, they shall be 
equipped with warning labels and with a necessary number of fire extinguishers (ABC powder – 9 
kg).  

http://www.uradni-list.si/1/objava.jsp?urlid=2000102&stevilka=4272
http://www.uradni-list.si/1/objava.jsp?urlid=200291&stevilka=4594
http://www.uradni-list.si/1/objava.jsp?urlid=200816&stevilka=498
http://www.uradni-list.si/1/objava.jsp?urlid=20111&stevilka=6
http://www.uradni-list.si/1/objava.jsp?urlid=201117&stevilka=691
http://www.uradni-list.si/1/objava.jsp?urlid=2011103&stevilka=4424
http://zakonodaja.gov.si/rpsi/r02/predpis_URED5272.html
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11.4 ENVIRONMENTAL PROTECTION 

11.4.1 Introduction 

The Contractor is responsible for environmental protection that his Works may effect at Site, on 
which he shall prepare a report, to be approved by the Engineer. One copy of the approved report 
shall be handed-over to everyone that shall perform works at Site. The report shall deal with 
handling, storing and transport of different oils, poisonous gasses and other chemicals. 

For each storage of environmentally dangerous substances, the Contractor shall prepare a 
proposal on storing and handling according to the relevant regulations.  

The Contractor shall prepare a proposal on storing and handling of all materials contaminated with 
oil. 

The Contractor shall anticipate equipment and procedures for taking measures in case of oil 
spilling or other chemicals. 

The Contractor is responsible and entitled to arrange collection, sorting and removal of wastes 
from the Site. For particular procedures he shall acquire a prior consent of the Engineer. 

11.4.2 Regulations on Environmental Protection 

In continuation the regulations are alleged, of which latest edition shall be considered by the 
Contractor at Site, namely: 

a) Zakon o varstvu okolja (ZVO-1) (Ur.l. RS, št. 41/2004,  17/2006, 20/2006, 28/2006 Skl.US: U-
I-51/06-5, 39/2006-UPB1, 49/2006-ZMetD, 66/2006 Odl.US: U-I-51/06-10, 112/2006 Odl.US: 
U-I-40/06-10, 33/2007-ZPNačrt, 57/2008-ZFO-1A, 70/2008, 108/2009, 108/2009-ZPNačrt-A, 
48/2012, 57/2012) 

b) Pravilnik o ravnanju z odpadnimi olji (Ur.l. RS, št. 85/98, 50/01, 25/2008) 
c) Uredba o emisiji snovi v zrak iz nepremičnih virov onesnaževanja (Ur.l. RS, št. 73/1994, 

109/2001, 41/2004, 41/2004-ZVO-1, 31/2007) 
d) Uredba o emisiji snovi v zrak iz nepremičnin motorjev z notranjim izgorevanjem in 

nepremičnih plinskih turbin (Ur.l. RS, št. 73/1994, 51/1998, 46/2002, 92/2003, 41/2004-ZVO-
1, 34/2007) 

e) Uredba o hrupu v naravnem in življenjskem okolju (Ur.l. RS, št. 45/1995, 59/2002, 41/2004, 
105/2005) 

f) Uredba o emisiji snovi in toplote pri odvajanju odpadnih voda iz virov onesnaževanja (Ur. l. 
RS, št. 35/96, 2/04, 41/04, 47/2005) 

g) Pravilnik o prvih meritvah in obratovalnem monitoringu odpadnih vod ter o pogojih za njegovo 
izvajanje (Ur. l. RS, št. 35/96, 29/00, 106/01, 74/2007) 

h) Pravilnik o ravnanju z odpadki (Ur. l. RS, št. 84/98, 45/00, 20/01, 13/03, 41/04, 34/2008) 
i) Uredba o taksi za obremenjevanje zraka z emisijo ogljikovega dioksida (Ur.l. RS, št. 91/2002, 

8/2003, 67/2003, 46/2004, 43/2005) 
j) Uredba o elektromagnetnem sevanju v naravnem in življenjskem okolju (Ur. l. RS, št. 70/96, 

41/04) 
k) Pravilnik o prvih meritvah in obratovalnem monitoringu za vire elektromagnetnega sevanja ter 

o pogojih za njegovo izvajanje (Ur. l. RS, št. 70/96, 17/2011-ZTZPUS-1) 
l) Pravilnik o prvih meritvah in obratovalnem monitoringu emisije snovi v zrak iz nepremičnih 

virov onesnaževanja ter o pogojih za njegovo izvajanje (Ur. l. RS, št. 70/96, 71/00, 99/01, 
17/03, 105/2008) 

m) Pravilnik o prvih meritvah in obratovalnem monitoringu hrupa za vire hrupa ter o pogojih za 
njegovo izvajanje (Ur. l. RS, št. 70/96, 45/02, 105/2008) 
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n) Pravilnik za izvajanje meritev maksimalno dovoljenih ravni hrupa v bivalnem in naravnem 
okolju (Ur. l. SRS, št. 19/77) 

o) Pravilnik o nevarnih snoveh, ki se ne smejo spuščati v vode (Ur. l. SFRJ 3/66), spremembe 
(Ur. l. RS, št. 35/96, 49/2006) 

p) Strokovno navodilo o tem, katere snovi se štejejo za nevarne in škodljive snovi in o dopustnih 
temperaturah vode (Ur. l. SRS, št. 18/85, 35/96) - (veljajo še določbe 1. člena, drugi 
odstavek) 
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1. GENERAL 

This scope and limits of supply are valid for LOT T,  Part A, turbine, turbine shaft and auxiliary 
systems in existing HPP Plave 1. 

In this Tender it is generally used generic term "reconstruction", which covers all works such as 
reconstruction, renovation, restoration, repair, manufacturing, processing and replacement of 
existing equipment, production or supply of new equipment for each unit and generally comprises 
the following: 

a) dismantling, inspection, reconstruction and re-installation of turbine units including associating 
equipment (runner and runner blades, turbine and intermediate bearings, shaft seal, guide 
vane mechanism with guide vanes, complete hydraulic piping and partly cooling and drainage 
piping systems, turbine cover, locks and air valves, oil distributor system with pipes in the 
shaft as well as all other turbine equipment); 

b) dismantling of existing and supply and installation of new turbine shaft 
c) dismantling and re-installation of existing intermediate shaft 
d) dismantling of shaft seal cooling system, renovation, supply and re-installation of new 

equipment for open cooling water system (OHV) for shaft seals. Limits of works / supply and 
connecting points are indicated in the schematic diagram HIP1---6S5022; 

e) inspection and renovation of components related to the turbine bearings closed cooling 
system; 

f) supply and installation of new oil vapor extraction system; 
g) supply and installation of monorail hand operated hoist within turbine pit with carrying capacity 

of 1000 kg. 
All above mentioned works and supply shall be valid for two units. 

Scope of delivery and works includes all the work and activities at the stage of dismantling, cutting 
and transport of existing equipment, which must be removed, design and construction, preparation 
of technical documentation for all new and reconstructed equipment, including electrical 
installations, installation of new equipment, testing on site, contractual trial operation and training of 
Customer’s personnel. 

2. SCOPE OF WORKS AND SERVICES 

Due to the reasons explained below, it is foreseen during the planned replacement of generators to 
carry out reconstruction works on the equipment and systems of turbines. 

Main reasons which dictate the scope of works on the existing equipment are as follows: 

a) Leaking of oil from the runner (at the runner blades bearings) and occasionally rubbing / 
contact of runner blades with the runner casing; 

b) Exchange of turbine shaft in order to increase critical speed values of the shaft system to the 
safe side; 

c) Elimination of leakage at guide vanes and guide vanes bearings; 
d) Elimination of oil vapors / oil mist; 
e) Completion of the various connections for easier maintenance of equipment. 

Below indicated more detailed specification of works and services is made without a detailed 
insight into the actual condition of the equipment and on the basis of only the known visible and 
observed facts and assumptions. 



LOT T   
Project No.: HIP1---5809 
 

 

______________________________________________________________________________ 
 

page: 4/18 

As general rule, regardless of whether or not specifically mentioned, in the scope of works shall 
always be included: 

a) Emptying and filling of oil, new oil shall be filtrated during fillling; 

b) Cleaning, degreasing, marking components; 

c) Basic Non-destructive testing (visual inspection, magnetic particle, dye penetrant and where 
applicable ultrasonic inspection) of components base materials and welds to the extent that it 
will be with sufficient reliability ensured that components are not damaged in any way and that 
they are useful for taking over all loads occurred during operation. Detailed extent of 
examination for particular component shall be specified by Contractor and agreed with 
Owner. 

Painted surfaces after proper cleaning shall be visually examined by Contractors qualified 
personnel and under supervision of external supervisor appointed by Owner. In case of 
inconclusive or ambiguous results of inspection (i.e. cracked paint, etc.), areas in question 
shall be completely removed from paint and other NDT method shall be applied in order to 
confirm the results. 

In case that results of other NDT inspection confirms unacceptable defects, such a 
component shall be further analyzed together with Owner and Engineer. Additional works that 
are not included in the scope of works (removal of complete paint with sand blasting, more 
NDT, eventual repairs, etc…) shall be agreed by Owner. 

d) After installation it is necessary to carry out pressure tests of equipment that operates under 
pressure; 

e) After installation completion, functional tests of equipment has to be performed; 

f) Perform anti-corrosion protection on components in accordance with general specification for 
mechanical components. On all surfaces shall be as general rule 100% applied decorative / 
final coats according to the specifications (surface preparation / passivation  is included). 

If it is after disassembly and cleaning established that large areas of components surfaces are 
excessively damaged (rusted, mechanically damaged, etc..) and that complete surface 
protection system shall be renewed in accordance with general specifications for 
anticorrosion protection (sand blasting, primer and final coating), than these additional works 
are not included in the scope of works (removal of complete paint with sand blasting, primer 
and final coating,) and shall be agreed by Customer. 
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2.1 PREPARATORY WORKS 

Within the scope of preparatory works the following activities shall be carried out:  
a) Checkup the site situation and site organization; 
b) Preparation of drawings, technologies, protocols and expert reports; 
c) Revision of measurements and tests results indicated in Litostroj reports of equipment before 

dismantling (see attachment) and deliver comments or specific observations; 
Execution of any additional measurement and tests of equipment (if so required by Contractor) is 
possible only by prior arrangement with the Customer and under conditions imposed by the 
operation of the units. The extent of any additional measurements required shall be separately 
indicated in the price list. 

Disassembly works 

Scope of disassembly works comprise all works on turbine and systems including transports to the 
Contractor factory or elsewhere, where the works shall be performed: 

a) Disassembly of oil head and oil pipes (before start of generator disassembly)  
b) Disassembly of turbine after the shaft free state (after generator disassembly); 
c) Disassembly of piping systems within the scope of Part A; 
d) Cleaning, degreasing, documenting and marking the equipment; 
e) Storing of equipment in proper caskets / containers / boxes (Contractor shall ensure his own 

covered storing area (tent) within the HPP Plave 2); 
f) Preparation of measurement protocols of existing equipment, single components or 

assemblies (as applicable); 
g) Disassembly of covers, platforms, walkways, ladders, guards and handrails within the scope 

of part A. 

2.2 SCOPE OF WORKS – TURBINE 

2.2.1 Kaplan runner 

Scope of works on runner is created on the basis of the available as-built documentation of existing 
turbines and observations during operation. In general scope of work includes protection, 
preparation for transport of runner to the Contractor factory and disassembly, reconstruction of 
assemblies and components of the runner, replacement of all bearings, replacement of all seals 
and bolts, reconstruction of runner blades sealing, replacement of seals on runner servomotor 
piston and cylinder, reconstruction of guiding cross, execution of corrosion protection where 
applicable, inspection of single components and assemblies and preparation of measurement 
protocols, assembly of the runner, replacement of oil, pressure and functional tests in the factory 
as well as execution of detail design drawings of all new or reconstructed components and 
assemblies. 

In connection with the reconstruction of sealing axis of the five (5) runner blades, the following is 
an indicative list of parts that serve exclusively for the purposes of the tendering process.. 
Contractor shall in any case further examine equipment and components, and if necessary modify 
them in accordance with its own technology and in the offer / bid documentation present a detailed 
description of the way of the reconstruction and indicate all the elements that will be modified by or 
replaced in accordance with the proposed technology: 

a) Visual inspection (NDT if applicable); 
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b) Replacement of blade bearing (i.e. DEVA type MB 312 or similar type); 
c) New seals of runner blades type Economus or equivalent; 
d) New seals on runner servomotor piston and cylinder type Chesterton or equivalent; 
e) Replacement of all other seals, bearings and bolting material; 
f) Replacement of connection bolts between runner blades and levers; bolts M48x3, material 

30CrNiMo8; 
g) Replacement of connection bolts between hub and servomotor piston; bolts M52x4, material 

30CrNiMo8; 
h) Replacement of connection bolts between runner and turbine shaft; bolts M52x4x320, triple 

rolled thread, material 30CrNiMo8; 
i) Emptying and filling of oil to the runner head (V = ca 550 liters), new oil will be delivered by 

Customer; 
j) Complete miscellaneous material as small bolts, pins, seals, sealing materials, etc. 

In the offer shall take into account the supply of a new screw material. However, it retains the 
possibility of using the existing with agreement which will be done after disassembling and 
inspection of equipment. 

Sealing of runner blades must be made in the manner that is, with regular maintenance and under 
the expected operating conditions, ensured smooth and safe operation of the unit without leaks or 
other repairs for the intended operating time at least of 5 years. 

For all major connections with new pre-stressed bolts (runner, shaft, servomotor, blades) a 
calculation of appropriate torque shall be made considering allowable surface pressure values of 
existing materials. Same shall be done for runner blade bearings. 

2.2.2 Shaft seal 
a) Replacement of all shaft seal wear parts (for example, the replacement of the existing sealing 

ring which is made of a material Novilon - Oilon with new one at same shape and size and 
from the same or other suitable material, which will be confirmed by Customer); 

b) Replacement of springs, other seals and screw material; 
c) If applicable grinding of sliding ring; 
d) Cleaning, inspection and restoration of shaft seal water cooling equipment as well as supply 

of instruments, sensors, actuators and water filter with Δp measurement and filtration capacity 
of 100 μm within the limits as indicated in the schematic diagram  HIP1---6S5022 or in the 
schematic diagram from Litostroj No.: 1106027. 

e) The existing shaft seal has flow of 0,5 l/s cooling water. Water is supplied by gravity from the 
reservoir which is on the elevation of 105,5 m a.s.l. 

2.2.3 Turbine guide bearing (lower and intermediate) 
a) Measuring of gap between bearing pads and shaft; 
b) Inspection (NDT) of bearing pads surfaces and if necessary applicate blue past grinding; 
c) Reconstruction of intermediate bearing support structure with aim to achieve same maximum 

stiffness in all directions (see also drawings of existing support and proposal for 
reconstruction in Book 3); 

d) Reconstruction of both bearing housings at the upper part of labyrinth seals for connection of 
pipes for oil vapor extraction system; 



LOT T   
Project No.: HIP1---5809 
 

 

______________________________________________________________________________ 
 

page: 7/18 

e) Reconstruction or mounting of additional elements (stainless steel liner) in both bearings in 
order to prevent overflow of oil at the inner side of bearing housing (between the shaft and 
bearing housing). Contractor could propose also different solution for the same purpose; 

f) Reconstruction of the welded turbine guide bearing inner oil reservoir into 2/2 split flanges, 
connection bolts, seals, materials, machining, etc. 

g) Installation of additional connections (quick coupler EFAFLEX-VK50) for filling and emptying 
oil, and filtering oil with mobile device; 

h) Replacement of all seals and bolting materials; 
i) Inspection, cleaning and restoration of oil coolers including pressure test; 
j) Inspection, cleaning and restoration of other equipment of bearing oil cooling system within 

the limits as indicated in the schematic diagram Litostroj No. 1106027; 
k) Anti-corrosion protection of bearings inside and outside (only repairs and final layer). 
l) Emptying and filling of oil which will be delivered by Customer. 

2.2.4 Guide vanes lower ring 
a) Visual inspection  (if applicable NDT); 
b) Replacement of all self-lubricated bearings with equivalent (i.e. DEVA type); 
c) Replacement of all seals and bolting materials; 
d) Anti-corrosion protection (only repairs and final layer). 

2.2.5 Guide vanes 
a) Visual inspection  (if applicable NDT); 
b) Repair with grinding of eventual damaged areas; 
c) Inspection of seal contact surfaces and if needed new metallization and grinding to the 

designed tolerances. 

2.2.6 Guide vanes upper ring 
a) Visual inspection  (if applicable NDT); 
b) Replacement of all self-lubricated bearings with equivalent (i.e. DEVA type); 
c) Execution of inspection openings between every second guide vane (i.e. hole ¾” with plug) 

for boroscopic inspection of guide vanes upper bearing leakage: 
d) Replacement of all seals and bolting materials for sealing flanges of guide vanes; 
e) If applicable replacement of all other bolting materials; 
f) Reconstruction of sealing connection of two drainage pipes, that drain into the head cover 

and replacing the existing pipe with new with larger diameter; 
g) Anti-corrosion protection (only repairs and final layer). 

2.2.7 Head cover  
a) Visual inspection  (if applicable NDT); 
b) Replacement of all self-lubricating bearings with equivalent (i.e. DEVA type) in the area of 

regulating ring including all stainless steel materials and if applicable re-machining supporting 
segments for gap adjustment between regulating ring and head cover (see also point 2.2.9 – 
regulating ring); 

c) Replacement of all seals and bolting materials; 
d) Anti-corrosion protection (only repairs and final layer). 
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2.2.8 Air valves 
a) Visual inspection  (if applicable NDT); 
b) Replacement of all seals, springs and bolting materials; 
c) Functional test of valves in the Contractor factory; 
d) Anti-corrosion protection (only repairs and final layer). 

2.2.9 Regulating ring 
a) Visual inspection  (if applicable NDT); 
b) Re-machining inner ring in area of self-lubricating slide bearings; 
c) Reconstruction of contact surfaces in the area of locks; 
d) Anti-corrosion protection (only repairs and final layer). 

2.2.10 Hydraulic locks 
a) Replacement of all self-lubricating bearings with equivalent (i.e. DEVA type) 
b) Reconstruction of contact surfaces of locks plates; 
c) Replacement of all seals and bolting materials; 
d) Anti-corrosion protection (only repairs and final layer). 

2.2.11 Guide vanes mechanism 
a) Mechanical equalization of inner ring in the area of self-lubricating bearings; 
b) Replacement of all self-lubricating bearings with equivalent (i.e. DEVA type), re-machining of 

segments for gap adjustment (see also point 2.2.7); 
c) Replacement of connecting rods of regulating ring or re-adjustment of servomotors head 

(shortening) in order to eliminate excessive vertical gap on guide vanes in closed position 
(see also point 2.2.12);  

d) Replacement of shear pins; 
e) Replacement of all seals, pins and bolting materials; 
f) Anti-corrosion protection (only repairs and final layer). 

2.2.12 Guide vanes mechanism servomotors 
a) Repair of servomotor mounting plate or at the other side with changing the linkage to guide 

vanes regulating ring in order to enable bigger pre-tensioning of guide vanes in closed 
position; 

b) Replacement of all servomotor seals; 
c) Pressure and functional tests in the factory; 
d) Anti-corrosion protection (only repairs and final layer). 

2.2.13 Turbine shaft 
a) Manufacturing and supply of new turbine shaft. Regarding materials see general technical 

specifications regarding Forgings and Inspection of forgings and turbine shaft. See also 
existing drawings and proposal of new shaft; 

b) Turbine shaft shall have same dimensions at connecting flanges on runner and intermediate 
shaft side and at the area of turbine guide bearing. Shaft diameter shall be increased in the 
area between turbine guide bearing and upper flange to minimum Ø590mm). 
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c) Special emphasis should be given to the method of connection and transfer of dimensions 
from the existing intermediate shaft and runner to the new turbine shaft. The Contractor shall 
deliver a description of how this will be done. 

2.2.14 Intermediate shaft  
a) Inspection of bearing surfaces; 
b) Visual inspection of complete shaft (if applicable NDT); 
c) After disassembly and adequate inspections the intermediate shaft will be transported to the 

generator supplier factory (Zagreb). 
d) When assembly and all necessary measurements will be done the intermediate shaft will be 

handed over to the generator supplier as so called “shaft free”. 

2.2.15 Connection bolts between turbine and intermediate shaft  
a) Supply of new bolts M72x4x360 – 12 pcs., nuts M72x4, seals, plates. 

For connections with new pre-stressed bolts a calculation of appropriate torque shall be made 
considering allowable surface pressure values of existing materials. 

In the offer shall take into account the supply of a new screw material. However, it retains the 
possibility of using the existing whit agreement which will be done after disassembling and 
inspection of equipment. 

2.2.16 Connection of intermediate shaft and generator rotor 

All material and works are in the scope of new generator supplier (LOT G). Lot A Contractor  shall 
coordinate and confirm type of connection with LOT G Supplier.  

2.2.17 Hydraulic pipes in the shafts 
a) Replacement of inner and outer pipes that shall be adjusted to the new generator dimensions, 

connection flanges, bolts, seals, guides. 

2.2.18 Oil head 
a) Replacement of bronze bearing, material GZ-CuSn12Pb or better; 
b) Reconstruction / adjustment of oil head to the new oil head support that is part of the scope of 

supply by Lot G; 
c) Replacement of all seals, pins and bolting materials; 
d) Reconstruction of oil head rotating parts to the new generator rotor, weldments and 

mechanical parts, seals; 
e) Replacement of clutch; generator extension shaft. 
f) Anti-corrosion protection (only repairs and final layer) or 
g) Delivery of new oil head adjusted to the new generator components. 

2.2.19 Hydraulic regulating pipes 
a) Reconstruction of all pipes (opening, closing and oil return pipes) between HPU and oil head 

on the top of generator shall be done as such that the new route of the pipe will be 
harmonized with new generator. All materials (pipes, flanges, bolts and supports shall be shall 
be stainless steel. New gaskets are also envisaged. 

b) Reconstruction of all pipes, flanges, bolts, seals and pipe supports between HPU and 
servomotors of and guide vanes mechanism. All material shall be stainless steel material. All 
adjustment to the pipes route (connection to the HPU for instance) shall be done too. All 
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materials (pipes, flanges, bolts and supports shall be shall be stainless steel. New gaskets 
are also envisaged. 

c) Existing pipes which are inside of generator and turbine shafts will remain. All necessary 
adjustments shall be done in the area of generator (shorter pipes) 

2.3 SCOPE OF WORKS - OIL VAPOR EXTRACTION SYSTEM 

2.3.1 Introduction 

The oil vapor extraction system at the power plant currently is not installed. 

Therefore, completely two new systems shall be delivered and installed, one for each of two power 
units. 

This new system shall extract oil vapor from all of turbine and generator equipment where oil is 
present and all the time when the unit is in operation.  

Small quantity of civil works shall be included in the scope of supply, too. 

Below is a description of the new system and block diagram is shown on the drawing HIP1 --- 
6S5021. 

2.3.2 Description and scope of supply 
Followed devices of each power unit will be connected to the extraction system: 

a) New upper generator thrust and guide 
bearing: Connection DN25 is already prepared 

b) Lower generator guide bearing: Connection DN25 is already prepared 

c) Intermediate turbine guide bearing: Two new connections DN15 shall be carried out 
on the upper bearing labyrinth. 

d) Lower turbine guide bearing: Two new connections DN15 shall be carried out 
on the upper bearing labyrinth. 

e) Hydraulic power unit (HPU) reservoir. One new connection DN20 shall be carrying out 
on the reservoir top. 

Main system equipment (set of exhaust: vacuum fan, oil separator, valves etc.) will be installed on 
the wall of the turbine pit intermediate floor at elevation 79,45 a.s.l. 

Exhaust pipes made by stainless steel will be connected to each device by regulations valve with 
measurement adapter for individual vacuum adjustments and hydraulic balancing of whole piping 
system. 

Oil separator with high efficiency just in front of vacuum fan shall be installed. Separator is 
equipped with the oil level switch and with possibility for visual oil level monitoring. Separated oil 
will be over ball valves manually emptied into a plastic canister. This ball valve shall be closed 
during power unit operation. 

Each system will be equipped with one standard designed vacuum fan with the side channels, EM 
and with followed preliminary characteristics: 

a) Nominal air flow:      min 90 mn
3/h 

b) Nominal under pressure on the fan suction side: ca 160 – 180 mbar 

c) EM Power:      ca 1,5 kW / 240 VAC 
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The vacuum fans should be carefully selected, that there will be no overheating due to a possible 
insufficient of air flow after hydraulic balancing of the system. 

Purified air will be held to the horizontal drainage tunnel which is at elevation 85,10 a.s.l. and there 
will be placed another plastic canister. 

Material of suction and pressure side piping, instrumentations, fittings and consoles will be 
stainless steel. All flange or threaded joints shall be assembled very carefully that in the long term 
of operation will be no unnecessary air suction or leakage. When assembly works will be finished 
air pressure test shall be done with using the blowing agent too. 

On all turbine bearings and on hydraulic power units new connections for oil vapor extraction shall 
be installed. Connections on generator bearings have already installed by generator supplier and 
they are LOT G scope of supply. 

2.3.3 Governance equipment 

The following governance equipment is scope of supply: 

Oil level switch installed in oil separator will transmit binary signal to the main governor system. 
The switch is equipped with a corresponding connector and power cable. 

Device Sensor Purpose 
Oil separator Level Switch 1 Alarm for oil high level 

Electrical cabling between switch and other electrical equipment will be carried out by Contractor of 
LOT EE and it is not the subject of this tender LOT TG . 

 

 

2.4 SCOPE OF WORKS - CIRCULAR MONORAIL CRANE 

Circular monorail cranes in the power plant turbine pits currently are not installed. Therefore, 
completely two new cranes shall be delivered and installed, one for each of two power units. 

Crane is shown on the drawing HIP1 --- 6S5050. 

2.4.1 Crane description 

Crane will be mainly used for doing maintenance works (disassembly and reassembly) on levers 
and seals of turbine guide vanes and on servomotors of wicket gates mechanism. 

Crane can be installed before the assembly of the turbine start. So, that it has been used for 
assembly works, and for the same purpose as has been stated above. The holes for the 
installation of wall brackets shall be drilled in the wall of the turbine pit immediately after the turbine 
disassembly. It is mandatory to use protection against dusting. 

2.4.2 Scope of supply 

The following equipment is scope of supply (description the scope of one set, supplied two for each 
of its power unit): 

a)  One (1) set Manual Trolley with load capacity of 1000 kg. Movement is achieved by 
pulling the hand chain. (As, for example: SWF CRAFTster FNH or 
equivalent.) 

a)  One (1) set Hand Chain Block with load capacity of 1000 kg. Lifting is achieved by 



LOT T   
Project No.: HIP1---5809 
 

 

______________________________________________________________________________ 
 

page: 12/18 

pulling the hand chain. (As, for example: SWF CRAFTster MHH or 
equivalent.) 

b)  One (1) set Wall brackets made by standard steel profiles and sheets. 
c)  One (1) set Threaded anchor bars with chemical anchor resin. 
d)  One (1) set Circular monorail v diameter of 3120 mm (diameter where guide vanes 

have installed). 
e)  One (1) set Anticorrosive protection. 

Other requirements: 

a)  The circular monorail is in the area of ladders for access to the turbine floor interrupted 
over a length of approx. 900 mm. 

b)  On the monorail both ends the stoppers are installed. 
c)  The crane class is 1Cm according to FEM or M2 according to ISO standard. 
d)  Wall brackets and monorail shall be assembled in such a way that it can be easily 

removed. 
e)  Documentation (calculations, drawings, technical data shits, …) shall be delivered. 
f)  Handing over documentation and operating permission according to Slovenian low with as 

built documentation, operating and maintenance manuals shall be submitted to the 
Customer before crane going in to service.  

2.5 SCOPE OF WORKS – SENSORS AND ACTUATORS 

2.5.1 Protection of guide vane mechanism 

20 limit switches must be replaced on protection of guide vane mechanism for shear pin indication 
and also limit switches for  indication of guide vane locks position (open, close). There are also 
three limit switches on guide vane for indication of closed position and 15% opening. Limit switches 
must be replaced with inductive sensors. 

Position indications must provide for control system binary coded signal. 

Sensor must be of connector type with IP 67 protection, so that connecting point will be connector 
with respective cable (each cable length is 20 m). Connectors end cables are scope of supply of 
LOT T Part A. Cable installation and connecting is scope of supply of LOT EE. 

Installation of sensors must be performed in accordance with sensor supplier requirements and is 
part of this supply. 

Together with sensors all respective parts must be supplied and replaced all connecting/fixing 
materials, seals, stainless screws as appropriate. 

Characteristics and type of respective element to be replaced are to be listed according to 
requirements in Tables of technical data – information list for electrical equipment. 

Specification of supply is indicated for the complete HPP, that is for two units: 

Item Function Pieces 
1.  Indication of shear pin broken – guide vane 1 2 

2.  Indication of shear pin broken – guide vane 2 2 

3.  Indication of shear pin broken – guide vane 3 2 

4.  Indication of shear pin broken – guide vane 4 2 
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Item Function Pieces 
5.  Indication of shear pin broken – guide vane. 5 2 

6.  Indication of shear pin broken – guide vane. 6 2 

7.  Indication of shear pin broken – guide vane  7 2 

8.  Indication of shear pin broken – guide vane 8 2 

9.  Indication of shear pin broken – guide vane  9 2 

10.  Indication of shear pin broken – guide vane 10 2 

11.  Indication of shear pin broken – guide vane 11 2 

12.  Indication of shear pin broken – guide vane  12 2 

13.  Indication of shear pin broken – guide vane 13 2 

14.  Indication of shear pin broken – guide vane  14 2 

15.  Indication of shear pin broken – guide vane 15 2 

16.  Indication of shear pin broken – guide vane 16 2 

17.  Indication of shear pin broken – guide vane 17 2 

18.  Indication of shear pin broken – guide vane 18 2 

19.  Indication of shear pin broken – guide vane  19 2 

20.  Indication of shear pin broken – guide vane 20 2 

21.  Indication of lock 1 position - open 2 

22.  Indication of lock 1 position - closed 2 

23.  Indication of lock 2 position - open 2 

24.  Indication of lock 2 position - closed 2 

25.  Indication of guide vane closed position 2 

26.  Indication of  15%  guide vane opening 2 

27.  All respective fixing and sealing material as needed 2 set 

28.  Additional material for equipment adjustment 2 set 

Electrical connections will be performed by lot EE supplier and are not part this Tender. 

For indication of shear pin broken adequate solution for mounting of inductive switches must be 
foreseen, as the existing location is not suitable. Next photo shows possible mounting 
arrangement: 
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2.5.2 Sensors for turbine slide bearings 

On all 4 turbine guide bearings existing oil level indicators with contacts (type WEKA) must be 
replaced with new analog types. Due to uniformity of equipment following type is proposed (as 
installed on HPP Doblar 1 (type: BALLUFF BTL-5-E17-M0300-B-S32 with float BTL2-S-3212 4Z). 
Also fixing on the top of the bearing must be adjusted accordingly. 

Item Function No. of bearings Piece per beraing 
1. Measurement of oil level in bearing 4 – 20 mA 4 1 
2. All respective fixing and sealing material as needed 4 1 
3. Additional material for equipment adjustment 4 1 

Electrical connections will be performed by lot EE supplier and are not part this Tender. 

Sensor must be of connector type with IP 67 protection, so that connecting point will be connector 
with respective cable (each cable length is 20 m). Connectors end cables are scope of supply of 
LOT T Part A. Cable installation and connecting is scope of supply of LOT EE 

2.5.3 Sensors of turbine seals 

On respective connections of cooling water for turbine seals new pressure transmitters 4 – 20 mA 
and flow transmitters 4 – 20 mA with flow indication are to be delivered and installed. 

Due to uniformity of equipment following type of flow transmitter is proposed (as installed on HPP 
Doblar 1) type: Endress+Hauser PROline promag 10W25-U.A.0.A.1.A.A.0.A.5.A.A. Due to 
uniformity of equipment following type of pressure transmitter is proposed (as installed on HPP 
Doblar 1) type: Endress+Hauser Cerabar T PMC131-A1..1.F.1.A1R. 

Item Function No. of shaft 
seals 

Pieces for one shaft 
seal 

1. Pressure transmitter 4 – 20 mA 2 1 

2. 
Flow transmitter (flow measurment 4 – 20 mA, flow switch 
and flow indication) 

2 1 

3. Pressure drop Δp transmitter 4 – 20 mA for water filter 2 1 
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Item Function No. of shaft 
seals 

Pieces for one shaft 
seal 

4. All respective fixing and sealing material as needed 2 2 

5. Additional material for equipment adjustment 2 2 

 

Electrical connections will be performed by lot EE supplier and are not part this Tender. 

Sensor must be of connector type with IP 67 protection, so that connecting point will be connector 
with respective cable (cable length is 20 m). Connectors end cables are scope of supply of LOT T 
Part A. Cable installation and connecting is scope of supply of LOT EE. 
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3. SCOPE OF SUPPLY 

Main scope of supply included in this tender comprise of new components and systems: 

a) 2 sets turbine shaft and set of connection bolts; 
b) 2 sets closed cooling system at connection points of turbine guide bearings and   

 regulation system; 
c) 2 sets open cooling system of unit at the connection point of shaft seal; 
d) 2 sets Oil vapor systems; 
e) 2 sets circular hand monorail capacity of 1000kg; 
f) 2 sets sensors and actuators; 
g) Special erection tools and devices. 
h) Spare parts; 

Within the scope of supply are included all minor components as indicators, connection materials, 
connectors, pins, bolts, seals, self-lubricating bearings, other bearing, grease and oil, protection 
materials, etc. that are more in details described1 in the particular sections of scope of works as 
elements that shall be replaced. 

3.1 SPECIAL ERECTION TOOLS 

For some assembly and disassembly works (for instance for turbine runner, shafts, etc.) special 
tools shall be needed, but they are not all available on the power plant. Therefore, the list which 
tools that were needed during first assembly of the turbine equipment and which tools that are still 
available is in the enclosures. 

3.2 SPARE PARTS 

Spare parts (such as: gaskets for blades of the turbine runner, wearing ring of the turbine shaft 
seal, etc.) are listed in the price list. 

The prices for other recommended spare parts will be submitted later on, after disassembly and 
when the technical documentation will be prepared. At that time will be known which type and 
design of new components will be installed. 

3.3 COMMISIONING TESTS 

All necessary commissioning tests shall be done by the Contractor (for more information see Book 
2, Volume 1). 

4. LIMITS OF WORKS AND COOPERATION WITH OTHER CONTRACTORS 

Existing equipment that will not be dismantled: 

a) Embedded components in the area of runner and guide vane mechanism; 

b) Turbine Hydraulic power unit (HPU). 

Existing equipment that shall be reconstructed during refurbishment : 

a) Oil head – dismantling and assembly on the new upper part of generator; 
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b) Regulation piping between HPU – runner and oil head; adjustment to the shaft of new 
generator. 

4.1 LIMITS AGAINST OTHER MECHANICAL EQUIPMENT 

Indicated connection points between turbine , generator and other systems or equipment shall be 
considered as limits of works. 

Generator shaft: 

a) Intermediate turbine shaft with flange toward the generator shaft; connection bolts are 
included in the scope of supply in generator Lot G. 

(Details regarding exact elevation and type of connection / transfer of torque shall be defined 
together with generator supplier.) 

b) Turbine hydraulic regulation pipes and supports in the generator shaft and shaft extension 
including rotor hub, that the pipes are passing through (detailed diameters of passing through 
holes shall be / will be defined together with the generator supplier). 

Connection of oil head at the top of the generator: 

a) Connection of oil head flange; bolts are included (exact elevation shall be / will be defined 
with the generator supplier). 

The connecting hydraulic pipes 

a) New pipes for oil head will be connected to the HPU by new isolating valves which are LOT T 
Part C scope of supply. 

b) Existing pipes for guide vanes servomotor will be adjusted and connected to the HPU by new 
isolating valves which are LOT T Part C scope of supply. 

Cooling system: 

c) Connections of the closed cooling system against existing pipes for cooling turbine bearings 
and turbine intermediate bearing. 

d) Connection to the shaft seal open cooling water system. 

Upper cross support: 

a) Turbine hydraulic regulating pipes and supports to the oil head (detailed pipes alignment shall 
be defined together with the turbine supplier).   

4.2 LIMITS AGAINST OTHER ELECTRICAL EQUIPMENT  

Below are indicated some details and exceptions regarding limits of works: 

a) control equipment of cooling system: 

• Sensors and actuators with factory made connections and signal cables 20m lengths or 
connection lines. Connection of those cables into the cubicles (cubicles are in scope of 
supply by others Lot EE) will be performed by supplier of Lot EE including external supply 
and cabling. 
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4.3 COOPERATION WITH OTHER CONTRACTORS 

Contractor shall have close cooperation with other parties involved in the project execution 
(Engineer, Designer, other contractors), from the beginning of the works through all steps of the 
project (design, manufacturing, testing in the factory and at site, erection and assembly or other 
works) that are in the scope of this Contract. 

Contractor shall cooperate at the trouble shooting on turbine or generator issues with other parties, 
civil contractor, generator contractor and electrical installation contractor. 

Supplier / Contractor within the LOT T Part A shall together with other contractors consider 
following points: 

a) Nominate head of commissioning tests for LOT T Part A until the final commissioning test. 
Head of combined commission tests will be nominated by LOZ T Part C; 

b) Cooperation with all contractors that are involved in the reconstruction of HPP Plave 1 during 
erection and final tests; 

c) Connection of turbine shaft with generator shaft; 

d) Assembly of oil head; 

e) Dynamical balancing of the rotating parts of the unit during run-out and vibration of the 
bearings; 

f) Defining the communication protocols and software’s; 

g) Cooperation during software design and testing phase of the Unit monitoring system. 

h) Participation during testing, trial run and training of the Customer personal. 

Copies of all technical correspondence with other contractors shall be sent to the Customer for 
information or if necessary for approval. 
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