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1 GENERAL TECHNICAL SPECIFICATIONS 

1.1 Scope of Work 

This technical specification covers the preparation of manufacturing projects, supply of 

materials, manufacturing, control, transportation, installation, and execution of commissioning 

tests of hydro-mechanic permanent equipment to be supplied by the Contractor as listed below. 

■ Diversion tunnel entrance gate, 

■ Water intake grating at sluice outlet tunnel, 

■ Water intake gate at sluice outlet tunnel, 

■ Sluice main and adjustment valves, 

■ Sluice outlet hydraulic gates, 

■ Energy tunnel inlet screens, 

■ Energy tunnel cofferdam and service gates, 

■ Spillway cofferdam and radial gates, 

■ Suction pipe gate. 

Operating conditions, technical data, supply of materials, lifting system and accessories, 

manufacturing control, function tests and installation control are explained under the relevant 

headings.  

Even if not defined in the specification, all tools, equipment and parts necessary to meet the 

intended operating conditions shall be supplied. 

For the works defined in this specification that require the approval of the Administration, such 

approval shall be obtained before commencement of the work. 

1.2 Relevant Documents 

This specification shall be used together with the following documents: 

■ Calculations related to gratings, gates, valves and penstocks 

■ Technical specifications related to gratings, gates, valves and penstocks 

■ Relevant construction, mechanical and electrical drawings 

1.3 Site Facilities 

For the manufacturing and installation of hydro-mechanic equipment, all site offices, temporary 

accommodations and housing, health services, water and electricity supply, working areas, 

workshop, warehouse and all other necessary facilities shall be provided and established by the 

Contractor. 

1.4 Applicable Standards 

In this Specification, Turkish Standards shall be used as far as applicable. Unless otherwise 

stated, all materials, equipment, production and tests shall comply with the latest editions of the 

standards listed below: 
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• TS Turkish Standards  

• DIN Deutsche Industrıe Normen 

• EN Standarts Issued by the Europan Community 

• ASTM American Society For Testing And Materials 

• AISC American Institute Of Steel Construction 

• ANSI American National Standards Institute 

• ASME American Society Of Mechanical Engineers 

• AWS American Welding Society 

• ASCE American Society Of Civil Engineers 

• IPCEA  Insulated Power Cable Engineers Associations (U.S) 

• ISO International Organization For Standardization 

• JIS Japanese Industrial Standards 

• NEMA National Electrical Manufacturers Association (U.S) 

• SSPC Stell Structrures Painting Council (U.S) 

• VDE Verband Deutscher Electrotechniker 

All threaded parts shall conform to ISO metric thread standards. 

The Contractor may propose alternative standards, materials, or equipment, provided that full 

compliance with the provisions of this specification is ensured. The Contractor may propose 

alternative standards, materials or equipment, provided that the provisions of the specification 

are fully met. If the Contractor, for any reason, proposes alternatives similar to or different from 

the standards listed above, or intends to use materials and equipment not covered by the standards 

above, he shall fully define the form and reason of the change and submit the characteristics of 

the proposed materials and equipment to the Administration for approval. The final decision on 

whether the proposed materials and equipment will be used shall be given by the Administration. 

In case of any conflict between this technical specification and the above-mentioned standards, 

this technical specification shall prevail. 

1.5 Marking and Nameplates 

Nameplates, instruction plates, and hazard warning signs shall be written in Turkish. 

Nameplates to be mounted on control panels shall be prepared with black letters on a white 

background. White numbers shall be engraved on switch levers. 

Detailed drawings of the nameplates and warning plates shall be prepared and submitted to the 

Administration for approval. 

1.6 Designing 

All application and construction projects and calculations shall be prepared by the Contractor. 

The Contractor shall be responsible for the correct design and construction of the penstock and 

its accessories. 
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The Contractor is responsible for the proper design of the equipment in accordance with the 

Specification and for supplying it in operational condition equipped with all necessary auxiliary 

and safety devices. 

The Contractor shall design the equipment in accordance with their own experience, standard 

industrial engineering practices, and the latest editions of the relevant standards. 

The Contractor shall prepare all detailed design and application projects, calculations, catalogs 

and instructions and submit them to the Administration for approval. These documents shall 

cover the analysis, design, workshop tests, installation procedure, site tests, operation and 

maintenance instructions of the equipment and other information required by the Administration. 

The International Metric System shall be used in all works. However, inch-based values may be 

used in cables and pipes. 

All equipment shall be designed to allow easy assembly and disassembly, shall be installed and 

checked as required, adjusted, and protected against corrosion. 

In preparing the drawings, due consideration shall be given, where required, to the equipment’s 

dead weight, hydrostatic load, wave effect, buoyancy, operational effects, wind load, earthquake 

forces, hydrodynamic load, variations in hydrostatic loads caused by water flow, and increases 

in these loads due to vibration. The effect of earthquakes shall be considered as an extraordinary 

loading condition. 

1.7 Application and Construction Projects 

The Contractor shall submit the manufacturing drawings to the Administration for approval in 

the number of copies specified in the Contract. General dimensions are shown in the final design 

projects and cannot be changed without the approval of the Administration. The detailed 

 

manufacturing projects to be prepared by the Contractor shall include the following: 

• Dimensions and general layout of each piece of equipment and its parts. 

• Detailed drawings showing bolts, holes, tolerances, dimensions, etc., together 

with part numbers and any other necessary information. 

• The weight of each part shall be listed in the parts list of the detailed drawings. 

• Welding details of all parts shall be provided in the manufacturing details. 

• Material types and surface finishing symbols shall be indicated. 

• Schematic control and cable connection diagrams for all electrical equipment 

shall be provided. 

• Schematic piping diagrams for all lubrication circuits shall be provided. 

• If a hydraulically operated drive unit is used, schematic diagrams showing all 

circuit elements shall be provided. 

If the Contractor uses products manufactured by another company in its equipment, it shall 

submit to the Administration, for approval, the catalogs containing information on the type, 

model, and characteristics of the product to be used, together with the manufacturer’s descriptive 

information. 

The Contractor shall not commence manufacturing without obtaining the Administration’s 

approval for the manufacturing drawings prepared under the above conditions. For the equipment 

manufactured according to the manufacturing projects approved by the Administration, the 

Contractor shall be responsible for all failures until the end of the warranty period (except for 

user errors). 3 



 

 

The design drawings provided in the Specification are only of a preliminary nature. The 

Contractor shall not prepare and submit manufacturing drawings containing alterations contrary 

to the project principles given by the Administration. However, alternative solutions required by 

manufacturing conditions may be proposed as a project. Provided that the operating conditions 

specified in the Specification are met, the structural details of the gates and penstocks may be 

developed by the Contractor. Such changes shall be implemented only after the Administration’s 

approval. 

1.8 Permissible Stresses 

Relevant permissible stresses in the gates and lifting devices shall meet the limits prescribed in 

DIN 19704 – Hydraulic Steel Structures. 

For permissible stresses of bronze components, the manufacturer’s recommendations shall be 

taken into consideration. 

Concrete permissible stress limit values shall comply with DIN 1045 and the values given in the 

project of the relevant concrete elements. 

1.9 Materials, Workmanship and Manufacturing 

1.9.1 Materials 

Unless otherwise specifically stated in the specifications, all materials shall be selected from the 

best quality materials used for this type of equipment, taking into account strength, elasticity, 

durability and other physical properties. They shall be new, suitable for their intended purpose, 

of the highest available quality in terms of durability and robustness, and shall comply with the 

latest editions of the applicable standards or their equivalents. 

Materials and auxiliary equipment required for the equipment, which cannot be manufactured by 

the Contractor, shall be procured from reliable and reputable manufacturers. 

Interacting materials shall be selected in such a way that they shall not be damaged by friction 

against each other. Materials prone to galvanic corrosion shall be avoided. 

1.9.2 Workmanship 

The entire work shall be carried out using the latest techniques applied in the manufacture of 

quality equipment, with professional workmanship by skilled craftsmen experienced in their 

fields. 

Interchangeable parts shall be precisely machined to the dimensions indicated in the drawings 

and shall be easily replaceable. Original parts shall be easily replaceable with their spares. 

Structural steel works shall comply with the prescribed conditions unless otherwise stated in this 

specification or its drawings. Finished elements shall not contain bends, distortions, or open 

joints. Surfaces to be joined shall be smooth and shall provide full contact when aligned and 

joined by welding, riveting, or bolting. 
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Before cutting or machining, materials shall be straight and free from all rust and dirt. If 

straightening is required, it shall be performed using methods that do not damage the metal. 

Materials shall not have sharp bends or twists. 

Oxygen marking and cutting operations shall be carried out carefully, and the exposed sections 

remaining after assembly shall be properly finished. 

Unmachined surfaces shall be joined in a compatible manner. If significant misalignment exists 

between adjoining surfaces, these surfaces shall be corrected until proper alignment is achieved. 

Unmachined surfaces shall conform to the levels and dimensions shown in the drawings and 

shall be dressed or ground until protrusions and recesses are eliminated. 

Surface finishing of all components shall be appropriate to the relevant strength, assembly, and 

service conditions. Surfaces to be machined shall be indicated in the manufacturing drawings 

using the required symbols. 

1.10 Welding Works 

1.10.1 Preparation for Welding 

Elements and sections to be joined by welding shall be cut properly or beveled in a suitable 

manner in order to comply with the required weld type and to ensure a complete weld joint. The 

area to be welded shall be thoroughly cleaned of rust, dirt, or any other foreign materials at least 

50 mm back from the weld groove. 

1.10.2 Welding Method 

Before commencing welding operations, the Contractor shall prepare the Welding Procedure 

Specification and submit it to the Administration for approval. The specification shall include 

the following paragraphs: 

■ Welding Specification: in accordance with the applicable welding method, the 

welding density, voltage, speed, number of passes, distribution and sequence, 

preheating and conditions.  

■ Welding Method: Shall comply with ASME Section IX requirements. 

■ Welding Consumables: Shall comply with ASME Section II requirements. 

For the appearance and quality of the weld, methods of correcting defects, and testing the 

qualifications of the welder, AWS (or equivalent) standards shall apply. 

In both automatic and manual welding, the welding electrode for the base material shall be a 

low-hydrogen type and the electrode most suitable for the material. The tensile strength, yield 

strength, and elongation properties of the welding electrode shall be superior to those of the base 

material being welded. 

The material to be welded shall be fixed in such a way that it cannot move during the welding 

process. Tack welding shall be performed in a manner that minimizes residual stresses. The 

Contractor shall take the necessary precautions to prevent shrinkage or internal stresses resulting 

from welding. Welding shall be performed only after the weld grooves have been cleaned with 

a scraper or wire brush. Subsequent passes shall be welded only after the slag from the previous 

pass has been completely removed. Unless accepted by the Administration, welds with the 
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following defects shall be carefully removed, re-welded or corrected to the complete 

satisfaction of the Administration: 

■ 

■ 

■ 

Cracks, porosity, slag inclusions, and insufficient penetration depth 

Overlap, underfill, irregular wavy surfaces, and undercuts 

Insufficient throat and leg lengths in fillet welds 

If the weld material protrudes beyond the surface, such excess shall be carefully ground to a 

smooth surface. 

Stress-relieving heat treatment shall be applied where necessary. Components requiring heat 

treatment shall be shown in the relevant manufacturing drawings. All heat treatments shall be 

carried out carefully to ensure homogeneous strength properties. 

The final machining of welded parts shall only be performed after welding and, if required, stress 

relief treatment. 

Weld quality testing shall be performed in accordance with the relevant provisions of the AWS 

code. 

The permitted values for root gap, groove angle and misalignment in welding edges shall be ± 1 

mm, ± 5 degrees and 1.5 mm respectively. 

1.10.3 Welding Inspection 

Welding inspections shall be carried out by certified welding inspectors. 

All welds intended to provide tightness shall be subjected to 100% dye-penetrant or magnetic 

particle testing. 

For welds not intended for leak tightness, at least 20% shall be tested by dye-penetrant or 

magnetic particle methods. For transition areas, this percentage shall be 100%. 

All welds shall be subjected to 100% ultrasonic testing and 20% radiographic testing. 

In certain cases, with the approval of the Administration, weld inspection may be carried out 

visually only. 

Acceptance criteria for welds and non-destructive testing shall comply with ASME Codes and 

Standards. 

For welds with doubtful ultrasonic test results, radiographic testing shall be carried out for re-

examination. Any defective welds identified by ultrasonic or radiographic testing shall be 

completely removed. Upon the Administration’s request, stress relief treatment shall be applied 

to critical welds after repair, in accordance with ASME standards. 

Inspection shall be carried out on butt welds in shell plates, main girders, and in sections 

designated by the Administration. In such spot checks, the inspected length shall not be less than 

10% of the total weld length. 

The Contractor shall supply all necessary equipment, films, and other materials required for 

radiographic inspection. 

Weld seams shall be cleaned of all defective parts by grinding, machining, carbon arc gouging, 

or other methods that do not damage the base metal. The cleaned areas shall be examined to 

ensure they are completely free from defects before repair welding. All repair welds and T-joints 

shall be 100% radiographed. The evaluation of these inspections shall be performed according 

to the relevant provisions of AWS. 6 



 

1.10.4 Qualification of Welders 

The Contractor shall be responsible for the quality of the work performed by the assigned 

welding team. All welders employed shall have successfully passed a qualification test 

equivalent to at least ASME Section IX or AWS D.1.1 standards. All expenses related to the 

qualification test shall be borne by the Contractor. Welder qualification certificates shall be 

submitted to the Administration upon request. 

1.10.5 Welding Equipment 

All equipment necessary for welding at site—such as welding machines, transformers, cables, 

and electrodes—shall be manufactured by recognized producers and shall be suitable for the 

intended use. 

1.10.6 Bolts, Anchor Rods, Nuts, and Screws 

All bolt holes shall be drilled by mechanical means in the correct position and alignment; drilling 

of misaligned or misplaced holes shall not be permitted. The standard diameter of rivet and bolt 

holes shall be the nominal diameter plus 1.0 mm or 2.0 mm, depending on the size. 

Burred or unevenly drilled holes shall not be accepted. 

The equipment shall be manufactured from quality steel with standard metric threads. All bolts, 

studs, nuts, and screws (including washers) shall be properly protected against corrosion in 

accordance with the conditions of the environment in which they are to be used. Nuts and bolt 

heads shall be hexagonal, with properly machined surfaces. Elements that shall be fully or 

partially submerged in water or exposed to corrosive environments shall be manufactured from 

stainless steel. Nuts, bolts, and screws that may loosen during operation shall be secured using 

methods approved by the Administration. 

1.11 Protection Against Corrosion 

The Contractor is responsible for the surface cleaning, priming, corrosion protection, and 

painting of the equipment to be delivered. Unless otherwise specified, coating and painting works 

shall be carried out in accordance with DIN 55928 and ASTM standards A 153, A 386, A 123, 

and A 120, or other equivalent approved standards. 

All primer and paint materials shall be suitable for site conditions and capable of withstanding 

the stresses the equipment shall be exposed to during operation. 

Before starting painting work, the Contractor shall submit a painting plan to the Administration 

for approval, including paint colors, specifications, and duration of application. The Contractor 

shall provide all details of sandblasting, priming, and painting to be performed in its own 

workshop (or subcontractor’s workshop), at site, and after assembly, including the final coat 

color, for the Administration’s approval. The color of the top coat to be applied to all hydro-

mechanic equipment shall be submitted to the Administration for approval. 

The Contractor may propose corrosion protection methods for each piece of equipment 

individually, in line with current technology and practices. 

Upon the Administration’s request, paint samples for different layers and colors shall be 

provided. All primer and paint materials to be used at the site shall be delivered in sealed 

packages packed by the manufacturer. 
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The Contractor shall establish a painting workshop at site equipped with appropriate facilities. 

Before any primer or paint layer is applied, the surface shall be properly prepared. All 

manufactured parts shall be free from rust, oil, dust, concrete residues, or any other foreign 

material that may prevent proper painting. Primer and/or paint layers shall be clean, smooth, and 

dry to allow proper penetration. Steel profiles, plates, sheets, and pipes shall be cleaned by 

sandblasting until bare metal is exposed. After sandblasting, the average surface roughness shall 

be approximately 50 microns. 

Any rust or scale that cannot be removed by sandblasting shall be removed mechanically 

according to the standards mentioned above or other approved equivalent standards. 

No film or oily layer shall remain on the cleaned surface. 

Immediately after cleaning, a fast-drying primer shall be applied. 

Paint materials shall be thoroughly mixed before application. To ensure satisfactory application, 

thinner may be used if necessary, but the amount of thinner shall be minimized. 

Each layer shall be applied evenly, without dripping, voids, waviness, sagging, or unnecessary 

brush marks. Subsequent layers shall not be applied until the previous layer is fully dried. 

Primer, intermediate, and final paint layers shall be compatible with each other. 

After painting, surfaces shall be inspected; air bubbles, cracks, wrinkles, etc., shall not be 

permitted. All painted surfaces shall be clean, smooth, and aesthetically satisfactory. 

All internal surfaces in contact with oil (gear system, oil tank, etc.) shall be coated in the 

workshop with one coat of primer paint consisting of white epoxy polyamide paint or oil-

resistant paint approved by the Administration, applied as a dry film with a minimum thickness 

of 200 microns. This rule shall be applied particularly to parts such as oil tanks, gear system 

casings, and bearings. 

Parts of equipment that shall be embedded in concrete shall be cleaned by brush and shall not be 

painted. For pieces to be welded on site, primer shall not be applied within 10 cm from the weld 

area; these areas shall be cleaned, primed, and painted after on-site welding is completed. 

Painting shall not be carried out under the following conditions: 

■ 

■ 

■ 

■ 

Air temperature below 5° C  

Extremely high air temperature and humidity 

Risk of rain before the paint is fully dry 

Possibility of blistering due to direct sunlight exposure on painted surfaces 

All metal parts, except for machined surfaces, embedded instruments and stainless parts, shall 

be subjected to cleaning, priming and painting as specified below. 

All steel components specified to be galvanized shall be thoroughly hot-dip galvanized. 
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 Galvanizing shall be carried out in accordance with ASTM A153 and A123 standards, and only 

original blast furnace natural zinc (ASTM B6) shall be applied. 

1.12 Application 

As a principle, painting works, except for the topcoats, shall be carried out in the Contractor’s 

workshop. 

Considering the difficulty of reaching edges and corners in complex equipment, the primer coats 

and the first topcoat shall always be applied by brush in order to ensure better cohesion or 

adhesion. 

Parts damaged during transport, storage, and/or assembly shall be removed, cleaned, and 

properly repaired and repainted by the Contractor. These repaired paint areas shall be completed 

in accordance with the specifications until the minimum required paint thickness is achieved. 

During painting operations, the ambient humidity in the working area shall not exceed 60%. 

To ensure this, the Contractor shall provide all necessary fans, heaters, ventilation openings, and 

dust collectors. 

At the end of the warranty period, the Contractor shall provide sufficient quantities of each 

primer and topcoat paint material to perform any required touch-up work at site. 
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1.13  Painting System 

METAL SURFACES 
THAT NEED TO BE 

PAINTED 
ACCORDING TO 

THEIR 
ENVIRONMENT 

SURFACE PREPARATION 

Number of Base Coat 
X 

Dry Film Thickness 
(Micron) 

INTERMEDIATE 

COATING 

NUMBER OF 

COATS X 

DRY FILM 

THICKNESS 

(MICRON) 

TOPCOAT 

NUMBER OF 

COATS X 

DRY FILM 

THICKNESS 

(MICRON) 

TOTAL 
DRY 

PAINT 
THICKNESS 
(MICRON) 

Indoor stairs, platforms and 
railings 

Cleaning with power tools to a cleanliness 
level of St3 or sandblasting to a cleanliness 
level of Sa 2. If the surface is oily, solvent 
cleaning is required before cleaning to St3 

or Sa2 grade 

Synthetic primer paint 
1x40 

- Synthetic topcoat or 
micaceous iron oxide 
synthetic topcoat 2x40 

120 

Gate lifting equipment, 
platforms, and railings 
located in open areas 

a) Cleaning with power tools with a 
cleaning degree of St3 or sandblasting with 
a cleaning degree of Sa2. If the surface is 
oily, solvent cleaning is required before 

cleaning to St3 or Sa2 grade 

synthetic primer paint 
2x40 

- Synthetic topcoat or 
micaceous iron oxide 
synthetic topcoat 2x40 

160 

b) Cleaning by sandblasting at a cleaning 
degree of Sa2 1/2. If the surface is oily, 

solvent cleaning is required before cleaning 
at Sa2 1/2 

Zinc-rich epoxy primer 
or Zinc powdered silicate 

primer 1x75 

Hi-Build epoxy 
intermediate coat paint  

1x75 

Polyurethane topcoat 
paint  
1x50 200 

Surfaces of spillway gates 
located in open areas that are 
in continuous contact with air 

a) Cleaning by sandblasting at a cleaning 
degree of Sa2 1/2. If the surface is oily, 

solvent cleaning is required before cleaning 
at Sa2 1/2 

Zinc-rich epoxy primer 
paint 2x50 

- Epoxy topcoat or 
Polyurethane topcoat 

2~3 x 50 
200-250 
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b) Cleaning by sandblasting at a cleaning 
degree of Sa2 1/2.  If the surface is oily, 

solvent cleaning is required before cleaning 
at Sa2 1/2 

Zinc-rich epoxy primer 
or Zinc powdered silicate 

primer 1x75 

Hi-Build epoxy 
intermediate coat paint  

1x75 

Epoxy topcoat or 
Polyurethane topcoat 23 

x 50 
250 

Surfaces of spillway gates 
located in open areas, such as 

the upstream side, that are 
alternately in contact with air 

and water over time 

a) Cleaning by sandblasting with a cleaning 
degree of Sa 1 1/2 or Sa 3. 

If the surface is oily, 
solvent cleaning is required before cleaning 

at grade Sa 2 1/2 or Sa 3. 

Zinc-rich epoxy primer 
paint or epoxy primer 

paint  
1∼2 x 50 

Epoxy intermediate 
coating paint 2 x 50 

Epoxy intermediate 
coating paint 2 x 50 

250∼300 

b) Cleaning by sandblasting with a cleaning 
degree of Sa 1 1/2 or Sa 3.  

If the surface is oily, solvent cleaning is 
required before cleaning at grade Sa 2 1/2 or 

Sa 3. 

Zinc-rich epoxy primer 
or Zinc powdered silicate 

primer 1x75 

Hi-Build epoxy 
intermediate coat paint  

1x75 

Epoxy topcoat paint 2 x 
50 

300 

Surfaces directly exposed to 
water, such as gates and 
grates located in outdoor 
bottom outlets. Valves 

located inside tunnels, with 
external surfaces fully 

exposed to high humidity and 
internal surfaces exposed to 

water. 

a) Cleaning by sandblasting with a cleaning 
degree of Sa 1 1/2 or Sa 3. 

If the surface is oily, solvent cleaning is 
required before cleaning at grade Sa 2 1/2  

or Sa 3. 

Zinc-rich epoxy primer 
paint or epoxy primer 

paint  
1∼2 x 50 

-  
Coal tar epoxy 

topcoat paint 

3∼4 x 75 or 

3 x 100 or 

2 x125 

300∼400 

b) Cleaning by sandblasting with a cleaning 
degree of Sa 1 1/2 or Sa 3. If the surface is 
oily, solvent cleaning is required before 
cleaning at grade Sa 2 1/2   or Sa 3. 

Zinc-rich epoxy primer 
or Zinc powdered silicate 

primer 1x75 

Epoxy intermediate 
coating paint 1 x 50 

Coal tar epoxy topcoat 2 
x 125 or 
1,x250 

375 
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1.14 Inspections Related to Surface Protection 

The measures for corrosion protection shall be inspected by the Administration. The inspection 

method shall be subject to the Administration’s approval and shall include at least the following: 

Inspection of cleaned surfaces 

 Coating thickness and adhesion testing of primer and paint layers 

Quality control of the applied materials 

For the gates and cofferdam gates, two areas each with a painting surface of 10 m² shall be 

selected. 

There shall be a strip of at least 50 mm between the painting surface and the gate edge. The dry 

film thickness on the painted surface shall be measured at a minimum of 4 points. For acceptance 

purposes, the guaranteed thickness, not the number of applied coats, shall be decisive. 

Adhesion and defects such as cracks, pinholes, etc., shall be inspected. 

The coating thickness on small parts shall be checked using magnetic-static methods (Elcometer, 

diameter, etc.), and porosity inspection shall be carried out at required locations using the Elco-

pinhole detector according to ASTM E 376. 

1.15 Warranty 

All the coatings, paints, protective treatments, etc., mentioned above shall be guaranteed for 

twenty-four (24) calendar months after the provisional acceptance of the related equipment. 

1.16 Rectification of Defects 

During the warranty period, the Contractor shall carefully repair any faults and defects that may 

occur in surface protection (paint, coating) works. (If necessary, the defective areas shall be 

cleaned by sandblasting, and painting and coating shall be carried out in accordance with the 

specifications.) 

Special care shall be taken at the transition and joint areas between the newly applied coat and 

the original part. Any areas arising from the Contractor’s errors or defects, including all faults, 

shall be repaired by the Contractor at their own expense. 

1.17 Electrical Equipment 

Electric motors shall be three-phase, 380 V AC, 50 Hz frequency, constant speed, direct-on-line 

starting, totally enclosed induction motors. Their capacities shall be 120% greater than the power 

required for the equipment, and their starting torques shall be 200% greater than the rated torque. 

All electrical equipment shall withstand ±10% voltage and ±5% frequency variations. 

Three-phase alternating current circuits shall be identified by colors in accordance with the given 

standards. 
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Grounding of electrical equipment shall be carried out with a bolted type, stranded hard-drawn 

copper wire with a cross-section of at least 50 mm², in accordance with TS or VDE or equivalent 

standards. 

The Contractor shall connect the grounding system to the grounding terminal of the equipment. 

1.17.1 Electrical Panels 

Electrical panels shall have a minimum enclosure thickness of 2.0 mm. Panels shall be equipped 

with removable bottom cable entry plates drilled in accordance with cable couplers. 

Each electrical panel shall be provided with a grounding bolt placed at an accessible position on 

the external surface of the panel. Except for current-carrying parts, all metal parts of the panel 

shall be electrically connected to each other and to the grounding bus. 

Each distribution panel shall be provided with a circuit card index placed inside the front cover. 

All electrical panels shall be equipped with miniature circuit breakers with thermal-magnetic 

overcurrent and short-circuit protection. The relevant HBC fuses feeding the protective devices 

and the electrical panel shall have characteristics ensuring that, for currents above the capacity 

of the miniature circuit breaker, the maximum time of the HBC fuses and the minimum operating 

time of the miniature circuit breaker at this current shall not differ by less than 0.01 seconds. 

Equipment data demonstrating this shall be submitted. 

Operation of the protective device in any one phase shall cause disconnection of all three phases. 

Screw terminals or positive pole terminations shall be of the type with serrated washers or 

crimped onto a ring; the crimped ring type shall preferably be used. Termination of stranded 

cables at clamp-type terminals shall be of the type crimped onto a solid rod. 

Cables shall not be jointed or broken between terminal points. 

Cable sockets shall be of the type that securely clamp the cable without damage by means of a 

clamping screw between two plates. Screw-type sockets fastening the cable directly shall not be 

accepted. The minimum cable socket size shall be suitable for a 4 mm conductor. Cable sockets 

belonging to different voltages shall be grouped and marked differently. 

Voltage grouping and cable socket layout shall conform to the connection diagrams. 

Where their use is approved, screw-type terminal panels with marking plates or stud-type socket 

blocks shall be supplied together with flame-resistant transparent insulating covers. 

Where cables pass through metal partitions, there shall be properly fitted entries equipped with 

couplers. 

Both ends of all cables shall be fitted with identification tags of the metal ring type. The numbers 

and letters used shall conform to the relevant cable diagrams and be legible outward from the 

terminal. 

Panel wiring shall be carried out with 1000-volt PV insulated cable. Flexible wiring shall be 

carried out with 600-volt insulation class cables. 

Wiring shall be firmly secured by insulating clamps or other approved means, systematically and 

suitably arranged so as not to obstruct access to any device or connection point. 
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Each control panel shall be provided with a dehumidifier heater with adjustable thermostat in a 

suitable position. 

All specified equipment shall comply with the minimum short-circuit class indicated. 

Fuses and connections shall be provided for isolation of any circuit when required for 

maintenance and testing purposes. 

Fuse carriers, solid-body connection carriers, and bases shall be of approved types of insulating 

molded plastic material. Ceramic materials shall not be accepted. Exposed live connections shall 

be adequately insulated, and fuses shall be replaceable without the risk of contact with live metal 

in energized circuits. Fuses shall be selected to provide maximum protection to the devices in 

the circuit. The nominal ratings of the fuses shall be written on the fuse label. 

1.17.2 Circuit Breakers 

Circuit breakers shall be of de-ionization type arc-extinguishing, quick-make-and-break, free-

release operating mechanism, manually operated type, and unless otherwise specified, shall be 

supplied together with adjustable thermal relays and instantaneous magnetic trip coils. 

Multi-pole breakers shall be housed in a common molded enclosure. The enclosure shall have 

high mechanical strength and be dustproof. All breakers of such a circuit shall be operated by a 

common operating handle. Each circuit breaker shall have clear indicators showing whether it is 

in closed, open, or tripped position. Each circuit breaker shall be provided with one set of alarm 

contacts for remote control and monitoring. In case of automatic tripping, the alarm contacts 

shall close. 

1.17.3 Cabling 

Cables to be laid on walls, ceilings, or other building elements shall, unless otherwise approved 

by the Administration, be firmly fixed to cable trays or cable ladders, or enclosed in conduits or 

closed ducts. 

Cables shall be neatly fixed vertically or parallel to adjacent walls, beams, or other structural 

elements. 

Cables shall be permanently tagged at both ends. 

No more than one core of a cable shall be connected to any outgoing cable socket. 

Where duplication of cable socket blocks is required, solid-body connections suitable to the 

design of the selected block shall be provided. 

Cable sockets shall be located close to cable entry points, leaving sufficient space in the field for 

attaching cable sockets to cable ends. 

Terminals that may remain live when the main equipment is disconnected from the network shall 

be suitably labeled to eliminate the risk of accidental contact. All terminals shall carry permanent 

identification numbers or letters. 
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All cables shall be connected at the main switch and at other units of the powerhouse, 

maintaining correct phase sequence and correct color coding throughout the system. Cables shall 

be identified by phase colors for three- and four-wire systems, and by red and black for single-

phase. 

Cable markers shall consist of approved embossed plastic or stamped metal tags attached to the 

cables with self-locking plastic clips or similar devices. 

Perforated cable trays and cable support ladders shall be made of hot-dip galvanized heavy-duty 

steel. The cable tray and ladder systems shall be installed with factory-made supports, using 

joints and junction/elbow parts. 

1.17.4 Protection Control System 

Control and supervision services shall cover the following: 

• Shall provide safety of life and property 

• Shall protect powerhouse equipment from abnormal or unexpected operating 

conditions 

• Shall protect all parts of the installation from short circuits and grounding faults 

• Shall ensure that faults are revealed under all operating conditions 

• Shall provide balanced operation under normal and abnormal conditions as well 

as under external fault conditions 

• Shall be prepared for optimum and continuous operation 

• Shall be based on equipment with high reliability and long service life 

• Shall be based on standard solutions to the highest possible extent 

• Shall meet the functional requirements of the Administration 

• Shall provide sufficient capacity for future extensions 

• Shall be based on principles where only active signals can operate the 

components 

• Shall not, to the highest possible extent, be affected by lack of communication. 

1.17.5 Color Codes for Electrical Equipment 

The topcoat paint shall be as follows: (Any other proposal shall be subject to the approval of the 

Administration.) 

Color codes for AC cables shall be as follows: 

■ 

■ 

■ 

Phase 1 

Phase 2 

Phase 3 

: Yellow 

: Green 

: Purple 

■ 

■ 

Neutral : Light blue 

Grounding  : Yellow / Green 
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Color codes for DC circuits: red conductors shall indicate the positive pole and blue conductors 

shall indicate the negative pole. 

1.18 Hydraulic Equipment 

1.18.1 Hydraulic Power System 

All hydraulic cylinders shall comply with applicable requirements and shall conform to ASME 

Section VIII, Boilers and Pressure Vessels, Division 1. 

Cylinders shall be determined separately for each application: single-acting type for tensile 

forces, and double-acting type for tensile and compressive forces. 

The large side of the single-acting type shall be filled with hydraulic oil. 

Cylinders and hydraulic equipment shall have sufficient permissible capacity against the 

maximum forces specified for each gate and against lateral forces that may occur during 

operation. 

Cylinder bodies shall be manufactured seamlessly by hot spinning from heat-treated material 

and machined in one piece. If manufacturing of a tube of the required length in one piece is not 

economical, the cylinder tube shall be manufactured as one piece by welding separate tubes with 

full penetration welds inspected by UT/MT and subsequently processed. 

The cylinder construction shall consist of a top cover and a bottom plate bolted to the cylinder 

body. Bolts shall be pre-stressed so that the top cover or bottom plate will not move under 

hydraulic oil pressure and/or load. 

Dynamic sealing gaskets shall be V-type set seals, NBR in the piston and UHMWPE in the 

ceramic piston rod. 

Static sealing gaskets shall be NBR 90° Shore with PTFE back-up rings. Piston rings shall be 

polyester. 

The guides in the cylinder head and piston shall ensure concentric movement of the piston 

relative to the inner diameter of the cylinder body. Lateral forces shall be taken into account in 

the cylinder design. 

The piston rod packing shall be V-type set seals and shall be replaceable without completely 

removing the piston from the cylinder body. 

The piston rod material shall be carbon steel suitably selected for structural integrity, with the 

outside of the piston rod coated with ceramic or hard chrome. 

The ceramic coating shall have the following characteristics: 
■ 

■ 

■ 

■ 

■ 

Surface preparation, primer spraying, and topcoat application shall be 

performed continuously in a single process. During the process, no entry into 

the cabin shall be allowed at different stages, and the process shall not be 

interrupted. 

The coating process shall be fully automatic to ensure continuity of quality. An 

automatic control system shall be available to continuously record the following 

parameters: 

Gas flow 

Electroplasma power 

Powder feed 
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■ 

■ 

■ 

■ 

■ 

■ 

Powder feed carrier gas 

Revolutions per minute of the rod relative to longitudinal feeding of the gun 

The coating shall be applied in an air-conditioned area (fully enclosed and 

exhaust-controlled) so that unmelted particles and/or powder content do not 

exceed 1%. 

The coating shall be homogeneous, continuous, impermeable, and non-

conductive. 

Use of sealing gaskets shall not be permitted. 

The coating shall be resistant to corrosion for a minimum of 1000 hours 

according to DIN 50021 ESS. 
■ Surface roughness Ra 0.1 – 0.3 µm. 

■ Hardness 800 – 1000 Hv0.2. 

■ Minimum coating thickness 150 µm. 

The piston rod packing shall be V-type set seals and shall be equipped with easily adjustable 

slotted retaining rings, accessible from the outside, to prevent water leakage. 

Control points (DIN 17440) shall be provided at suitable positions on all cylinders for leakage, 

oil sampling, inspection, and checking of oil pressures. 

A manifold control block shall be mounted on the cylinder head. 

The external diameter of the cylinder shall allow inspection of the cylinder wall. 

Static and dynamic tests shall be carried out in the presence of the Administration, under a 

pressure equal to 1.5 times the maximum design pressure. 

An instruction manual explaining operation, maintenance and installation procedures, including 

application drawings and parts list, shall be supplied in Turkish and English. 

1.18.2 Hydraulic Power Units 

Each gate shall be operated by a hydraulic power unit. For gates of the same type, the hydraulic 

power unit may be common. 

The reservoir shall be sized in accordance with DIN 19704-2 1998-05. 

The power unit shall be equipped with two hydraulic valves and motor pump sets, each operating 

the respective gate. In emergency cases, one pump shall be able to replace the other. 

A hand-operated system shall be installed for use in emergencies. 

The tank shall have a front panel and a removable cover and shall be made of carbon steel. 

The base shall be inclined and there shall be a clearance of 400 mm between it and the operation 

platform. 

Before installation of the power unit, the oil tank shall be tested for leakage by one of the 

methods: dry penetration with foaming liquid or pressurized air. 

The distance between suction and return lines shall be as large as possible, the pipe ends shall be 

cut at 45° and terminated at least 50 mm above the bottom, designed for optimum flow. 

The tank shall be provided with a baffle plate separating the suction and return lines. 
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The tank shall be completely closed and shall have an air vent for moisture removal. 

Great care shall be taken in the selection of hydraulic elements and in the manufacturing of pipes 

to avoid excessive pressure losses. Especially short radius elbows and deformed pipes shall not 

be used. 

The drainage valve, cleaning opening, oil level indicator, float breaker and all hydraulic 

equipment mounted on the cover shall be mounted on the tank in an accessible way, suitable for 

maintenance and repair. 

Pressure gauges, pressure switches, discharge control valves and other equipment that must be 

visible and accessible shall be mounted on the control panel. The faces of the pressure gauges 

shall be approximately 100 mm in diameter and shall comply with DIN 16007. 

Positive displacement piston or gear pumps shall be provided. The pumps shall have the capacity 

to discharge against a pressure equal to 150% of the maximum operating pressure. 

The operating pressure shall be adjusted at the base relief valve next to the pump. 

All electric valves shall be solenoid-operated, 240 V, 50 Hz AC wet-pin type. 

Hydraulic units shall be supplied together with suction filters with magnetic filters and pressure 

filters with electric and visible clogging indicators. All filters shall be equipped with bypass. The 

cleanliness level of the oil shall be maintained at least in compliance with NAS 1638 class 8. 

The nominal flow capacity of the filter shall be at least three times the operating flow. Filters 

shall be mounted on the outside of the reservoir to facilitate replacement of filter elements. 

All components of the hydraulic power unit, especially filters, shall be mounted in such a way 

that they can be easily replaced without removing pipes or other equipment. 

Pump pressure relief valves shall be sized to pass the full pump capacity. 

1.18.3 Hydraulic Pipes 

All hydraulic pipes shall be suitable for an oil pressure equal to 150% of the maximum operating 

pressure and shall comply with DIN 17458 Table 7 Material No. 1.4541 or ASTM A312 Class 

TP304L-UNS S30403. 

Fittings shall be selected for an oil pressure equal to 150% of the maximum operating pressure 

and shall comply with DIN 2353 Series S or ASME B16.11. 

Pipe flanges shall be forged steel flanges complying with ISO 2084 or welding flanges complying 

with ASME B16.5. 

1.18.4 Cleaning and Initial Oil Filling 

The hydraulic oil to be used for cleaning and initial filling shall be supplied by the Contractor. 

1.18.5 Pressure Tests 

All hydraulic equipment, servomotors, hydraulic power units and pipes shall be subjected to a 

pressure test at 150% of maximum operating pressure, at 20°C, for a period of 30 minutes. 
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1.19 Transportation 

The Contractor shall transport to the site the gates, valves, gratings and control equipment, which 

have been manufactured and tested in the workshop. During workshop testing and trial assembly, 

all parts assembled together shall be marked with alignment marks, reference lines, and numbers 

before disassembly. The disassembled parts shall be packaged with necessary protection after 

the application of workshop paint and final inspections. 

The parts shall be prepared to prevent damage during transportation, and the Contractor shall be 

responsible for all damages caused by failure to take necessary precautions during shipment and 

for their repair. Damaged or lost parts during transportation shall be replaced. Sealing gasket 

surfaces on gates and valves and control mechanisms shall be transported in packaged condition; 

all handling, unloading and site storage shall be carried out carefully. Before shipment, the gross 

and net weights of the materials shall be indicated, and the lifting and hook attachment points 

shall be marked. 

At least 15 days before the equipment is shipped to the site, the Contractor shall inform the 

Administration in writing of the planned shipment. 

1.20 Installation 

1.20.1 General Provisions 

The Contractor shall place the equipment on site, perform its installation, make the necessary 

connections, carry out welding, cleaning, and final coat painting works. All equipment shall be 

positioned in its location as shown in the project, correctly, safely, and securely, in accordance 

with the design. 

Before starting the welding process, all surfaces to be welded shall be thoroughly cleaned of 

slag, rust, and other foreign materials using wire brushes, rasps, sandblasting, or other methods. 

The Contractor shall take protective measures against rain, wind, and water leakage during 

welding works. If the weld seam is to be made in two or more passes, each pass shall be cleaned 

with a wire brush or other methods before proceeding to the next pass. For parts through which 

water shall flow, the Contractor shall grind rough or protruding weld surfaces to ensure smooth 

flow and achieve a uniform surface. 

Construction of formworks, leaving step gaps, and concrete pouring works shall be carried out 

by the Construction Contractor. The Contractor shall submit to the Administration for approval 

the drawings indicating the necessary step gaps for the installation of its own equipment. 

The Contractor shall install plates at visible and appropriate locations on the equipment showing 

its name, manufacturing date, main dimensions, and characteristics. 

Before starting on-site installation, the Contractor shall submit an “Installation Procedure” 

showing the installation schedule and method for the Administration’s approval. 

1.20.2 Installation of Gates, Valves and Gratings 

Special care shall be taken to place the gate frames, guides and other fixed metal parts exactly 

and in proper alignment, and to mount the control devices to the gates and valves they control 

with final adjustment. 
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All gears shall mesh smoothly with each other across the full face width and shall be mounted 

so that there is no excessive backlash or binding during operation. 

All bearings shall be mounted on machined steel plates on pedestals. 

Self-lubricating graphite bearings shall be cleaned with clean packing and lubricated with 

suitable oil before installation. No type of solvent cleaning shall be applied to such bearings. 

All moving parts shall be installed with care, subjected to trial operation, adjusted to move freely 

and operate properly, and brought to satisfactory operating condition. 

After installation of each complete gate unit, maintenance and trial operation shall also be carried 

out. Maintenance shall include lubrication, adjustment, and cleaning of all parts of the gate. All 

parts shall be thoroughly cleaned, bearings shall be well lubricated, and gearboxes shall be filled 

with suitable gear oil. Before filling with oil, the Contractor shall properly wash the bearings and 

gearbox. All oil and materials required for lubrication and cleaning shall be supplied by the 

Contractor. After each complete unit of the gates has been maintained to the satisfaction of the 

Administration, trial operation shall be carried out and all necessary corrections and adjustments 

shall be made until operation is satisfactory. 

1.20.3 Inspections, Tests, and Tolerances 

1.20.3.1 General 

Equipment that has completed manufacturing shall be assembled in the workshop for trial and 

subjected to inspections explained in each section. 

“Inspection procedures” showing the timing and sequence of workshop/site trials, the location, 

the tools, and methods to be used shall be prepared by the Contractor and submitted to the 

Administration for approval. The Contractor shall notify the Administration at least fourteen (14) 

days in advance of the plan for carrying out the tests specified in the specifications. 

All tests conducted (at the steel factory, the material supply location, the Contractor’s workshop, 

and the site) shall be documented with test certificates or test reports (according to DIN/EN10204 

type 3.1.b or 2.2) and submitted to the Administration. 

Before starting the works, the Contractor shall submit the quality control plan to the 

Administration for approval. This program shall cover the following items related to the 

equipment: 

■ Quality control plans and schedule 

■ Certification of ultrasonic operators and technicians 

■ Detailed information on manual and automatic welding procedures 

■ Welder qualifications 

■ Welding test details 

■ Physical tests 

■ Non-destructive testing procedures 

■ Identification of plates in the steel structure according to their final positions 
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■ 

■ 

■ 

■ 

■ 

Factory inspection certificate for each plate 

Processing details for inspected plates 

NDT test results for each weld 

Complete and standard test results for all welds 

Component geometry and corrosion protection control results 

The Contractor shall prepare test reports at the completion of each test, indicating the name, time, 

location, results, and the names of inspectors. Reports related to the tests shall be submitted to 

the Administration within five (5) days after each test is completed. 

If the test results indicate non-compliance with specifications or defective materials or 

applications by the Contractor, the Contractor shall repair and/or replace defective parts or 

completely renew the equipment at their own expense and perform retests on the date determined 

by the Administration until satisfactory results are achieved. Even under all these conditions, the 

Contractor shall complete manufacturing and installation within the dates specified in the 

contract. 

1.20.3.2 Material Tests 

The Administration shall check the test results of important materials such as steel, castings, 

paint, sealing rubber (synthetic or natural), etc., against relevant standards and decide whether 

they can be used. 

If the Contractor provides factory manufacturing documents to the Administration, material trials 

may not be required. 

1.20.3.2.1 Mechanical Tests  

These tests determine the yield strength, elongation, and impact resistance of the material. Sheets 

and plates shall be subjected to bending tests. 

1.20.3.2.2 Non-Destructive Tests   

All cast and forged materials subjected to high stress, impact, fatigue, or vibration shall be 

visually inspected and then subjected to non-destructive testing. Defects detected in these tests 

and/or inspections shall be removed to sound metal using an appropriate method. After cleaning, 

the material shall be checked using magnaflux or paint penetration testing. At suspected sections, 

ultrasonic or radiographic testing shall be performed at the Administration’s request. 

Before starting any repair work on major defects defined in standards, detailed information about 

the defect location, condition, and repair method shall be submitted for Administration approval. 

Weld-repaired materials shall be subjected to stress relief treatment after inspection. 

Magnaflux testing shall not be performed on machined journals, supports, or shafts. 
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All sheet and plate materials subjected to high stress, impact, fatigue, or vibration shall be 

visually inspected and then subjected to ultrasonic testing before starting fabrication and 

welding. Materials with significant thickness variations, surface defects, impact marks, holes, 

segregation, cracking, blisters, scale, or other major defects shall not be accepted. 

All T-joints and cross welds shall be radiographically inspected. Other welds shall undergo 

ultrasonic inspection. Welds found suspicious during ultrasonic inspection shall be rechecked 

radiographically. Welds deemed defective after ultrasonic or radiographic inspection shall be 

completely cleaned using an appropriate method. These sections shall be re-welded and checked 

with radiographic testing. Stress relief treatment shall be applied to these welds upon 

Administration request. 

1.20.4 Pressure Tests 

All pressure vessels, tanks, pipes, and conduits subjected to internal pressure during operation 

shall undergo hydrostatic pressure tests. 

The test pressure shall be 1.5 times the operating pressure. For penstocks and branches, the test 

pressure shall be 1.25 times the operating pressure. 

Corrosive liquids with harmful effects shall not be used under any circumstances during pressure 

testing. 

1.20.5 Visual Inspection and Dimensional Control 

Visual inspection shall verify whether there are any visible defects in welded joints, bolt holes, 

painted surfaces, and other parts. 

Dimensional control shall be performed particularly on fixed and moving components and all 

main parts, joints, and partial assemblies where proper fit and tolerance with other components 

is important. 

Dimensional control shall be carried out in horizontal and vertical directions for all critical 

dimensions. 

In the control mechanism, dimensional control shall be carried out for the distance between shaft 

bearings, drum diameters, the spacing between drum edges, and other components. 

If any condition is detected that could negatively affect the fit of components during dimensional 

control, the necessary corrections shall be made with Administration approval in a way that does 

not compromise work quality. 

The Contractor shall provide the Administration with allowable fabrication tolerances during 

manufacturing for confirmation. 

When the equipment arrives at the site, the Contractor shall identify the crate numbers and 

determine by visual inspection and necessary dimensional checks whether any damage has 

occurred. 

The final installed equipment on site shall be visually inspected for damage or defects in welds, 

bolted or screwed joints, coated surfaces, and other areas. 

Dimensional checks shall be performed before concrete work. 
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Before performing any wet tests on the equipment, the Contractor shall inspect all components, 

seals, and other necessary conditions. 

Required fabrication tolerances shall be specified in the fabrication drawings. 

1.20.6 Functional Tests 

After temporary assembly of all equipment in the workshop, functional tests shall be carried out. 

Afterwards, the parts shall be marked with alignment marks. 

At the site, these tests shall be performed as much as possible under operating conditions. At the 

request of the Administration, functional tests shall be repeated until the conditions of the 

equipment specified in the specification and contract are satisfied. 

1.20.6.1 No-Load Operation Test 

In no-load operation, it shall be checked whether the opening/closing and 

lowering/lifting/stopping functions of the equipment are performed without any abnormality. 

During this test, operating speed, functions of limit switches, electric current and voltages, and 

motor revolutions shall be checked, and attention shall be paid to ensure that there are no 

abnormal temperature rises or noisy operation in gearboxes and other components. 

1.20.6.2 Full-Load Operation Test 

The checks described in the above paragraph shall be carried out under full load and after 

installation at the site. Emergency closure tests of the equipment against the flow shall also be 

performed at this stage. 

1.20.6.3 Site Trials 

The Contractor shall perform tests on site according to the relevant sections of the specifications. 

A “site test procedure” shall be prepared in accordance with the instructions given by the 

Administration and the work schedule. This procedure shall clearly specify the plan, location, 

test devices to be used, and test methods. 

At the completion of site tests, test reports shall be prepared, indicating the name and time of the 

test, results, and signed by all parties participating in the test. 

1.20.6.4 Water Tightness Tests 

Before commissioning, each hydraulic equipment shall be subjected to a water tightness test. 

The permissible leakage quantities specified for the equipment in this specification are the 

maximum values allowed during site trials and permanent operation. 
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■ Spillway radial gates : 100 L /min 

■ All types of flat gates : 150 L /min 

■ High-pressure slide gates : 6 L /min 

Additionally, locally: 
  

■ Metal-sealed gates, per meter : 0.3 L/min 

■ Rubber-sealed gates, per meter : 0.1 L/min 

■ Stoplogs, per meter : 0.3 L/min 

The water leakage shall not exceed these values. 

2 GRATINGS 

2.1 Scope of Work 

The Contractor shall supply all accessories required for commissioning after completion of 

installation, including preparation of all detail projects, workmanship, materials, manufacturing, 

transportation, installation, and installation and adjustment of embedded instruments for the 

gratings and their guides to be used at diversion-sluice entrances, energy intake structures, and 

all other structures. 

2.2 Operation Specifications 

The gratings shall consist of grating bars, connecting bolts, spacers, support beams, and slots. 

The grating bars shall be flat steel bars with rounded corners and shall have sufficient strength 

against buckling. The gratings shall be firmly fixed to the support beams or cross beams or slots 

with stainless steel bolts, hooked bolts, nuts, and washers. Support beams or cross beams and 

slots shall be of profile steel and shall be firmly fixed to the concrete. The support beam shall be 

designed as a simple beam. 

These gratings shall be used to prevent large floating debris, such as tree branches and residual 

floating pieces, from entering tunnels or penstocks. 

The Contractor shall take measures to ensure that the gratings always function properly, and shall 

clean the gratings during filling of the tunnel or penstock and until provisional acceptance, if 

necessary. 

2.3 Design 

Project calculations shall be carried out in accordance with DIN 19704 “Hydraulic Steel 

Structures – Design Principles” or another equivalent standard subject to the approval of the 

Administration. 

The gratings shall be designed in such a way as to cause minimum head loss and to prevent 

vibration that may occur due to water flow. 

Before designing the gratings of the energy intake structure, the spacing of the grating bars shall 

be checked with the turbine manufacturer. 
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Unless otherwise specified in the projects, all steel materials shall comply with DIN-EN 10025 

or another equivalent standard subject to the approval of the Administration. 

2.4 Embedded Instruments 

Embedded instruments shall be designed to provide the necessary rigidity. Headless bolts shall 

be welded on site to the base plates installed during the first stage of concreting. In addition to 

the base plates, all embedded instruments shall be provided under the scope of the work. The 

Contractor shall provide drawings showing the dimensions, quantities, and positions of the 

embedded instruments. The instruments to be embedded in the first-stage concrete shall be 

supplied in due time. 

The arrangement of base plates and headless bolts shall ensure rigid installation of the 

instruments to be installed during the second-stage concreting. All reinforcement bars, anchorage 

rods, and other elements made of mild steel shall have sufficient concrete cover. 

Thread length shall be sufficient for easy adjustment. Headless bolts shall be provided with 

adjustment nuts. 

3 DIVERSION GATES 

3.1 Scope of Work 

For the diversion gates to be used in the installation of dam and sluice equipment, a sliding or 

wheeled gate, sealing gaskets, guides, embedded instruments, and one (1) set of lifting beam 

shall be supplied. 

The work shall cover the preparation of all necessary detail projects, workmanship, materials, 

manufacturing, transportation, installation, and commissioning related to the gates. 

All accessories and equipment required to render the installation operational shall be supplied 

even if not included in the supply list. 

Where applicable, all steel structures such as ladders, railings, and metal slot covers, as well as 

other accessories directly related to any main equipment specified in this specification, shall also 

be part of the supply. 

3.2 Operating Conditions 

Diversion tunnel entrance gates shall be used for the installation of sluice equipment and/or for 

closing the diversion tunnels when a stopper is required. 

The gates shall be lowered by their own weight under unbalanced flow conditions by means of 

a mobile crane. Ballast may be used if necessary. 

During the installation of sluice equipment or stopper, if the water level rises above the 

installation level, operation and installation works shall be stopped and resumed when the water 

level falls. 
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3.3 Design 

The gates shall be designed in accordance with DIN 19705 “Hydraulic Steel Structures; 

Proposals for Design, Construction and Erection” (or an equivalent standard). 

The design calculations of the gates shall comply with DIN 19704 “Hydraulic Steel Structures”. 

Stress analysis shall be carried out as follows: 

■ Operation up to minimum water level shall be considered in the calculation of 

the gate. Lifting and lowering forces of the gate shall be calculated. 

■ Maximum water level in the gate slots shall be considered. 

Stress analysis shall be made for each structural element and connection, taking into account the 

critical loading condition, and in accordance with the permissible stress values specified in DIN 

19704. 

3.4 Production Conditions 

The gates shall be welded steel construction with horizontal girders and vertical supporting 

members. If necessary, the gates may be manufactured in segments. The horizontal girders shall 

transmit the horizontal water load to the downstream embedded guide supports through the 

vertical supports and rollers. The gate segments shall be designed in a form to minimize the 

effect of the water jet occurring during lowering and to reduce downward-acting suction forces. 

For lateral guiding, each gate panel shall be equipped with two guide rollers on each side. All 

rollers shall be equipped with self-lubricating bronze bearings. 

3.5 Sealing Gaskets 

The sealing gaskets shall be natural or synthetic rubber and shall have the following physical properties. 

Sealing gaskets shall be adjustable from the downstream side. On the gate, the tolerances of the 

supporting surfaces where the gasket will be placed and of the groove surfaces in the embedded 

gasket frame shall not exceed ±1.5 mm. 

At any point of the gasket, the maximum water leakage under the highest water pressure shall 

not exceed 0.05 L/s per meter of gasket length. 
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■ Shore hardness     50-60 

■ Minimum elongation     450% 

■ Tensile strength     145 kg/cm2 

■ Water absorption (maximum by weight)     30% 

■ Compaction             70OC x 22 hr 



 

3.6 Lift Beam 

A semi-automatic lift beam shall be provided for lowering and lifting the diversion tunnel 

entrance gate segments into position. After the gate segments are placed, the beam shall be 

retractable and, when the segments need to be lifted, it shall automatically engage the lifting slots 

of the segments. The beam shall be equipped with guide wheels and lifting lugs to engage the 

crane hook. 

3.7 Embedded Instruments 

Gate guides shall be manufactured to full size with precision, set in place and fixed before 

diversion works. They shall be adjusted and installed smoothly at the exact bearing level within 

the tolerances shown in the projects. Embedded instruments shall be designed to be rigid and 

protected against corrosion. All embedded instruments shall be equipped with anchorage bolts 

in sufficient number and size to withstand the acting forces and shall be welded to base plates 

placed in the first-stage concrete. Anchorage bolts shall be threaded and shall have adjustment 

nuts for easy setting. After adjustment of the gate guides, the tolerances between the gate and the 

guides shall be checked before casting the second-stage concrete. 

Gasket bearing surfaces shall be stainless steel. 

3.8 Corrosion Protection and Paint Application 

The gates shall be painted against corrosion in accordance with the requirements given in the 

General Technical Specifications section. 

No paint shall be applied to corrosion-resistant surfaces such as stainless-steel sealing surfaces 

and threaded surfaces. 

3.9 Workshop Assembly and Test 

For welds made in the workshop, ultrasonic and/or magnetic particle tests shall be applied on at 

least 30% of the total weld length, or radiographic inspection shall be performed in accordance 

with the Administration’s instructions. 

All welds made on site shall be subjected to radiographic or ultrasonic testing in accordance with 

the relevant provisions of the ASME Code. 

4 COFFERDAM GATES 

4.1 Scope of Work 

The Contractor shall prepare all detail projects, supply the necessary materials, perform 

manufacturing works, transportation, installation, and supply all equipment necessary for 

installation and adjustment of embedded instruments, and supply all accessories including a 

lifting beam required for commissioning after installation is completed, for cofferdam gates and 

their guides to be used at the energy intake structure, spillway, and all other structures. 
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Where applicable, all steel structures such as ladders, railings, and metal slot covers, as well as 

other accessories directly related to any main equipment specified in this specification, shall also 

be part of the supply. 

4.2 Spillway Cofferdam Gates 

Spillway cofferdams shall be used to close the radial gate inlets for maintenance and repair of 

the radial gates. All cofferdam segments shall be interchangeable with each other and therefore 

shall be identical in all respects. 

4.3 Operating Conditions 

Cofferdam gates shall be lowered and lifted under balanced pressure by mobile crane. 

Balanced pressure condition shall be achieved by opening the gate slightly. For gates 

manufactured in multiple parts, it shall be achieved by opening the uppermost part slightly. 

The gate parts shall be centered over each other by means of pins. 

The lift beam shall be double hooked to provide balanced lifting and lowering. 

Cofferdam gates shall, as far as possible, be kept suspended in the radial gate slots above the 

normal reservoir water level. 

4.4 Design 

The gates shall be designed in accordance with DIN 19705 “Hydraulic Steel Structures; 

Proposals for Design, Construction and Erection” (or an equivalent standard). 

The design calculations of the gates shall comply with DIN 19704 “Hydraulic Steel Structures”. 

In the design of the gate, the project load shall consider the dead weight of the gate, hydrostatic 

load, debris load, wave load, buoyancy force of water, operational effects, wind load, 

hydrodynamic load, and earthquake effects. 

Stress analysis shall be made for each structural element and connection, taking into account the 

critical loading condition, and in accordance with the permissible stress values specified in DIN 

19704. 

4.5 Production Conditions 

The gates shall be welded steel construction with horizontal girders and vertical supporting 

members. If necessary, the gates may be manufactured in segments. The horizontal girders shall 

transmit the horizontal water load to the downstream embedded guide supports through the 

vertical supports and rollers. The gate segments shall be designed in a form to minimize the 

effect of the water jet occurring during lowering and to reduce downward-acting suction forces. 

For lateral guiding, each gate panel shall be equipped with two guide rollers on each side. All 

rollers shall be equipped with self-lubricating bronze bearings. 
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4.6  Sealing Gaskets 

Sealing gaskets shall be of the best quality natural or synthetic rubber 

and shall possess the following physical 

properties. 

 

■ Shore hardness             50-60 

■ Minimum elongation             450% 

■ Tensile strength             145 kg/cm2 

■ Water absorption (maximum by weight)       30% 

■ Compaction             70OC x 22 hr 

Sealing gaskets shall be adjustable from the downstream side. On the gate, the tolerances of the 

supporting surfaces where the gasket will be placed and of the groove surfaces in the embedded 

gasket frame shall not exceed ±1.5 mm. 

At any point of the gasket, the maximum water leakage under the highest water pressure shall 

not exceed 0.05 L/s per meter of gasket length. 

All bolts in contact with the gasket and sealing clamping strips shall be stainless steel. 

4.7 Lift Beam 

A semi-automatic lift beam shall be provided for lowering and lifting the cofferdam gate 

segments into position. After the segments are placed, the beam shall be retractable and, when 

the segments need to be lifted, it shall automatically engage the lifting lugs of the segments. The 

beam shall be equipped with guide wheels and lifting lugs to engage the crane hook. The lift 

beam shall be double hooked. The two hooks shall be mechanically interconnected to operate 

simultaneously. All rotating parts of the lift beam shall be of stainless steel or chrome-plated 

steel, with self-lubricating bushings. 

Fixed guide rollers shall be placed on both sides of the gate at suitable intervals to prevent 

jamming of the lift beam during operation. 

4.8 Embedded Instruments 

Gate guides shall be manufactured to full size with precision, set in place and fixed. They shall 

be adjusted and installed smoothly at the exact bearing level within the tolerances shown in the 

projects. Embedded instruments shall be designed to be rigid and protected against corrosion. 

All embedded instruments shall be equipped with anchorage bolts in sufficient number and size 

to withstand the acting forces and shall be welded to base plates placed in the first-stage concrete. 

Anchorage bolts shall be threaded and shall have adjustment nuts for easy setting. After 

adjustment of the gate guides, the tolerances between the gate and the guides shall be checked 

before casting the second-stage concrete. 

Sealing contact surfaces shall be stainless steel. 
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4.9 Corrosion Protection and Paint Application 

The gates shall be painted against corrosion in accordance with the requirements given in the 

General Technical Specifications section. 

4.10 Workshop Assembly and Tests 

The gates shall be completely pre-assembled in the workshop in the horizontal position. 

The Contractor shall prepare the complete shop detail and manufacturing projects, the material 

list, and the test procedure. These documents shall show all necessary dimensions and joint 

details. 

Embedded instruments shall be checked for compatibility with each other. The gasket bearing 

surfaces on the gate segments shall be inspected. 

For welds made in the workshop, ultrasonic and/or magnetic particle tests shall be applied on at 

least 30% of the total weld length, or radiographic inspection shall be performed in accordance 

with the Administration’s instructions. 

All welds made on site shall be subjected to radiographic or ultrasonic testing in accordance with 

the relevant provisions of the ASME Code. 

5 ENERGY INTAKE STRUCTURE COFFERDAM GATES 

The cofferdams of the energy intake structure shall be used to enable maintenance and repair of 

the energy intake structure service gate. 

5.1 Operating Conditions 

Cofferdam gates shall be lowered and lifted under balanced pressure by the traveling bridge 

crane or gantry crane located at the energy intake structure, or by a mobile crane. The balanced 

pressure condition shall be achieved by opening the gate slightly. For gates manufactured in 

multiple parts, it shall be achieved by opening the uppermost part slightly. 

The gate parts shall be centered over each other by means of pins. 

The lift beam shall be double hooked to provide balanced lifting and lowering. 

Cofferdam gates shall, as far as possible, be kept suspended in the gate slots above the normal 

reservoir water level. 

5.2 Additional Provisions 

Additional provisions shall comply with the General Technical Specifications and the 

requirements specified in Article 4 for Spillway Cofferdam Gates. 
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6 ENERGY INTAKE STRUCTURE SERVICE GATES 

The service gates of the energy intake structure shall be used for emergency closure in case of 

danger, or during maintenance, inspection and repair of downstream equipment such as the 

penstock and turbine equipment. 

6.1 Scope of Work 

The Contractor shall prepare all detail projects for the service gates of the energy intake structure 

and their guides, supply the necessary materials, perform manufacturing works and 

transportation, and supply all equipment necessary for installation and adjustment of embedded 

instruments, as well as all accessories required for commissioning upon completion of 

installation. The operating equipment is within the scope. 

Where applicable, all steel structures such as ladders, railings, and metal slot covers, as well as 

other accessories directly related to any main equipment specified in this specification, shall also 

be part of the supply. 

6.2 Operating Conditions 

Under normal conditions, the gate shall be operated under balanced pressure by mechanical or 

hydraulic operating equipment. Pressure balancing shall be achieved by a by-pass system or by 

opening the gate slightly. In emergency operation, the gate shall be closed against the flow under 

unbalanced pressure conditions in the shortest possible time. Emergency closure shall be 

performed only by remote control from the control panel in the powerhouse building. In 

emergency closure, the gate shall close by its own weight, and concrete weight shall be used if 

necessary. The operating equipment shall function only as a brake. 

6.3 Design 

The gates shall be designed in accordance with DIN 19705 “Hydraulic Steel Structures; 

Proposals for Design, Construction and Erection” (or an equivalent standard). 

The design calculation of the gates shall comply with DIN 19704 “Hydraulic Steel Structures”. 

In the design of the gate, the project load shall consider, where necessary, the dead weight of the 

gate, hydrostatic load, debris load, wave load, buoyancy force of water, operational effects, wind 

load, hydrodynamic load, earthquake effects, variations in hydrostatic thrust due to water flow, 

and increases in the above-mentioned loads due to vibration. 
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6.4 Production Conditions 

The gates shall be welded steel construction with horizontal girders and vertical support 

members. The horizontal girders shall transmit the horizontal water load to the downstream 

embedded guide supports through the vertical supports and rollers. The gate body shall be 

watertight and have sufficient strength to withstand the maximum pressure. Walkways and guide 

rollers shall be mounted on the gate body to facilitate lowering and lifting. The running surfaces 

of the rollers and other moving parts shall be stainless steel. 

Guide rollers shall be mounted on both sides at suitable intervals to allow operation without 

jamming. The bearings of the roller shafts shall be self-lubricating bronze bearings. 

The gate shall be designed and manufactured to close by its own weight. Closure under weight 

shall exceed by at least 25% the maximum friction and hydraulic forces opposing the force. 

The gate shall be designed to minimize the effect of the water jet formed during lowering and to 

reduce downward-acting suction forces. 

If balanced pressure conditions are provided by a by-pass system, a valve and pipe of such 

diameter shall be selected as to fill the water in the most suitable time. The valve shall be of 

conical type. The valve, to be placed on the axis passing through the center of gravity of the gate 

body, shall be opened by slightly raising the operating equipment. The valve shall have an inlet 

shape that will not cause cavitation. A grating with 5 cm spacing shall be mounted at the valve 

inlet. 

A suspension device shall be provided for maintenance and repair of the gate. The suspension 

device shall have a locking system to prevent emergency closure during maintenance. 

The suspension device shall be of such structure as to facilitate maintenance of the gate and to 

prevent movement of the gate body during this time. 

6.5 Mechanical Operating Equipment 

The operating equipment shall be mounted at the upper part of the intake structure. It shall be of 

the two-drum type with rope winding and shall consist of the following equipment. 

■ Electric engine with magnetic brake 

■ Hydraulic brake 

■ Gear system 

■ Drum 

■ Wire rope 

■ Conveyor platform 

In normal operation, the power produced by the electric motors shall be reduced as required by 

the gearbox system and transmitted to the drum through the transmission elements. 

In emergency closure, the gate shall be made to close by its own weight. The closing speed shall 

be controlled by a brake device mounted on the gear system. 
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The gear system shall be oil-bath type. The hydraulic brake system controlling the lowering 

speed of the gate shall be equipped with a solenoid valve and a discharge control valve. 

For gates whose balanced pressure condition is provided by a by-pass system, opening of the by-

pass valve shall be ensured by a separate push-button switch, and after the valve is opened, a 

limit switch and a time relay shall be provided to prevent opening of the gate until balanced 

pressure is achieved. 

There shall be a device to prevent opening of the gate under pressure. A system indicating that 

balanced pressure conditions have been achieved shall be provided. 

Push-button switches controlling, by local operation on the control panel, the lifting, open, closed 

and stop positions shall be provided, and the gate shall stop automatically when it reaches the 

upper or lower limit. 

The operating equipment shall be provided with a hand-operated device to be used when the 

power is cut. This device shall have a system that disengages the electric motor. In manual 

operation, the lever force shall not exceed 10 kg. 

The drum shall be manufactured of steel as a welded construction and grooves shall be machined 

on the drum for rope winding. Wire ropes shall be stainless steel. The end of the rope shall be 

anchored to the drum in a secure manner by a suitable method. There shall be at least three extra 

turns on the drum. After installation, the ropes shall be thoroughly cleaned and lubricated. 

All gears shall be precisely machined. Exposed gears shall be covered with guards. Rotating 

parts shall be manufactured from material with adequate strength and shall have a suitable 

lubrication system. 

A level indicator with sufficient accuracy showing the position of the gate shall be provided. 

The electric motor shall be a direct-on-line, three-phase, AC, 380 V, 50 Hz, continuous-duty 

induction motor and shall be housed in a waterproof enclosure. Its capacity shall exceed 120% 

of the maximum operating force, and the starting torque shall exceed 200% of the rated torque. 

Operation of the electric motor shall not be affected even when the terminal voltage varies 

simultaneously and in the same direction by ±10% and the frequency by ±5%. 

Brake capacity shall exceed 200% of the motor’s nominal full-load torque. The brake shall 

automatically engage when the motor power supply is cut and disengage when power is supplied 

to the motor. The brake shall be resistant to all climatic conditions. 

Electrical transmission cables shall be the best type suitable for the required current capacity. 

Cables shall be placed in conduits and necessary precautions shall be taken to prevent damage. 

All equipment shall be connected to the grounding system. 

6.6 Control Panel 

All joints, doors and ventilation openings of the control panel shall be dust and water tight. An 

electric heater shall be placed inside the control panel to prevent humidity. The cabling system 

inside the control panel shall comply with the latest technology. All cables shall be collected in 

terminal boxes for easy connection with external cables. 
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There shall be insulation barriers between terminal boxes. Each terminal box shall have 

identification labels and two spare terminals. In no case shall more than two outgoing lines be 

connected to one terminal. 

There shall be a lighting system in the control panel and the operating equipment. 

Color coding of cables shall comply with the latest edition of the relevant standards. 

Except for unavoidable special cases, conductors shall never be joined by soldering. 

6.7 Local Control 

The local control panel shall be placed in the most suitable location in the service room. 

Lowering, lifting, and stopping operations shall be carried out from the local control. 

The local control panel shall be of outdoor type, lockable and openable from the front, self-

supporting, and manufactured from steel plates. 

The local control panel shall contain at minimum the following elements: 

■ Circuit breaker 

■ Magnetic contactor 

■ Protective relay switch 

■ Voltmeter and ampermeter 

■ Push-button opening, closing, and stop switches 

■ Change-over switch for emergency closure 

■ Change-over switch for by-pass valve 

■ Operating indicators (running, remote control, local control, fully open, fully 

closed, in park position, opening, closing, emergency closure, stop, and other required indicators) 

 

■ Level indicator 

■ Lighting 

■ Terminals for remote control connection 

6.8 Remote Control 

All equipment required for emergency closure of the gate shall be installed on the remote control 

panel. The gate shall be closed in emergency only from the control room in the powerhouse 

building. The remote-control panel shall be the same as the local control panel. 

6.9 Hydraulic Operating Equipment 

All hydraulic cylinders shall be compatible with the requirements of the intended operating 

equipment and shall comply with ASME Section VIII, Boilers and Pressure Vessels, Division 1.  
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Cylinders shall be single-acting type for tensile forces or double-acting type for tensile and 

compressive forces, as specified for each application. The large side of the single-acting type 

shall have the capacity to accommodate the required hydraulic oil under all operating conditions. 

Cylinders and their accessories shall be sufficient for the maximum forces specified for each gate 

installation and resistant to other effects that may occur during operation. 

Cylinder bodies shall be manufactured seamlessly by hot drawing from heat-treated material and 

machined in one piece. If manufacture of a cylinder body of the required length in one piece is 

not economical, the cylinder body may be manufactured as one piece by welding together 

separate tubes with full penetration welds, inspected by non-destructive tests, and subsequently 

treated. 

The cylinder construction shall consist of a top cover and a bottom plate bolted to the cylinder 

body. Bolts shall be pre-stressed so that the top cover or bottom plate will not move under 

hydraulic oil pressure and/or load. 

Sealing gaskets shall be of the best quality in accordance with the latest technology. 

The guides in the cylinder head and piston shall ensure smooth movement of the piston relative 

to the inner diameter of the cylinder body. Lateral forces shall be considered in the cylinder 

design. 

The piston rod packing shall be of V-type set seals and shall be replaceable without completely 

removing the piston from the cylinder body. The piston rod material shall be carbon steel or 

stainless steel suitable for structural integrity, with the piston rod surface coated with ceramic or 

hard chrome. 

The supplier of the hydraulic power system shall have documented proven records showing 

successful supply of cylinders with ceramic-coated piston rods having at least 5 years of 

operating history. 

The ceramic coating shall have the following characteristics: 

Surface preparation, primer spraying, and top coat application shall be carried out continuously 

in a single process. During the process, no entry into the cabin at different stages shall be 

permitted and the process shall not be interrupted. 

The coating process shall be fully automatic to ensure continuity of quality. An automatic control 

system shall be available to continuously record the following parameters: 

■ Gas flow 

■ Electroplasma power 

■ Powder feed 

■ Powder feed carrier gas 

■ Revolutions per minute of the rod relative to longitudinal feeding of the gun 

The coating shall be applied in an air-conditioned area (fully enclosed and exhaust-controlled) 

to ensure that unmelted particles and/or powder content do not exceed 1%. 

The coating shall be homogeneous, continuous, impermeable, and non-conductive. 

No use of sealing gaskets shall be permitted. 

The coating shall be resistant to corrosion for at least 1000 hours according to DIN 50021 ESS. 

Surface roughness Ra 0.1–0.3 µm. 
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Hardness 800–1000 Hv0.2. 

Minimum coating thickness 150 µm. 

Control points (in accordance with DIN 17440) shall be provided at suitable positions on all 

cylinders for leakage, oil sampling, inspection, and checking of oil pressures. 

A manifold control block shall be mounted on the cylinder head. 

Static and dynamic tests shall be performed in the presence of the Administration or its appointed 

representative, under a pressure equal to 1.5 times the maximum design pressure. 

An instruction manual in Turkish, explaining maintenance, repair, disassembly, and reassembly 

procedures, including drawings and parts list, shall be prepared. 

The hydraulic oil to be used for cleaning and initial filling shall be supplied by the Contractor. 

6.10 Hydraulic Power Units 

Each gate shall be operated with a hydraulic power unit. The power unit shall be equipped with 

two hydraulic valves and motor pump sets, each of which operates the respective gate. In 

emergency cases, one pump shall be able to operate in place of the other. 

For gates of the same type, the hydraulic power unit may be common. In common power units, 

each pump set shall have the capacity to lift two gates simultaneously. 

Unless otherwise stated in the special technical specifications and contract, the set shall have the 

capacity to lift a pair of gates at a speed of 0.5 m/min. The gates shall be closed by their own 

weight, and the closing speed shall be controlled by the Hydraulic Power Unit. The closing speed 

shall be approximately 5 m/min. During the closing operation, a decelerating device shall be 

provided at the end of the stroke to ensure smooth closing. 

The hydraulic servomotor shall be supported by a steel beam fixed with anchorage bolts to the 

concrete at the top of the slot. The lower end of the servomotor shall be equipped with self-

aligning spherical plain bearings of maintenance-free type operating on stainless steel shafts 

(ASTM A276 or DIN EN 10088). 

The spherical bearings shall be maintenance-free and provide the servomotor with the required 

freedom of movement. The bearings shall be protected by stainless steel flanges with sealing 

gaskets to prevent water and dirt from entering. 

The piston rod shall be designed by applying a permissible stress factor of 3.5 times the yield 

point of the material from which it is manufactured. 

The pipes between the cylinder and the hydraulic power unit shall be stainless steel hydraulic 

pipes in accordance with DIN 17458. 

In case of sudden pressure drop (pipe burst, etc.) in oil pipes, the safety valves at the lower end 

of the hydraulic cylinders shall prevent free fall of the gate. 

The gate shall be equipped with a column-type position indicator system together with a 

sufficient number of limit switches to check the gate position when commanded. 
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Since small oil leakages are inevitable, oil pressure will decrease, and the gate will descend from 

the fully open position. When this descent reaches 10 cm, the hydraulic lifting unit shall operate 

the piston to return the gate to the fully open position and set it to stand-by mode. If, under any 

circumstances, the gate descends 15 cm from the stand-by position, an alarm shall be triggered. 

A properly mounted transmitter shall provide signal and feedback for satisfactory performance 

of the gate. 

The oil reservoir capacity shall be at least 150% of the total working volume of the cylinders of 

two gates. The reservoir sizing shall be in accordance with DIN 19704. 

For emergency situations and small cylinder movements, a hand pump shall be mounted on the 

reservoir side panel and shall be ready to assist the hydraulic system. 

The tank shall be made of carbon steel, equipped with a front panel (on top of the tank) and a 

removable cover bolted to the main tank. The tank shall be placed inclined and shall have a 

clearance of 300 mm between its bottom and the floor. The tank shall be completely closed and 

shall have an air vent for moisture removal and a baffle plate separating suction and return lines. 

Before installation of the power unit, the tank shall be tested for leakage by one of the methods: 

dry penetration with foaming liquid or pressurized air. 

The distance between suction and return lines shall be as far as possible, the pipe ends shall be 

cut at 45° and terminated at least 50 mm above the bottom, designed for optimum flow. 

To avoid excessive pressure losses, the manufacturer shall pay great attention in the selection of 

hydraulic elements and in the manufacturing of oil pipes. Especially sharp elbows and deformed 

pipes shall not be used in the equipment. 

The following equipment shall be mounted on the tank in a manner accessible for maintenance 

and repair: drainage valve, cleaning opening, oil level indicator, float breaker, and all hydraulic 

elements mounted on the cover. 

Pressure gauges, pressure switches, discharge control valves and other equipment, which must 

be visible and accessible, shall be mounted on the control panel. Pressure gauges shall have 

approximately 100 mm diameter gauge faces, be mounted flush, and comply with DIN 16007. 

Positive displacement piston or gear pumps shall be provided. The pumps shall have the capacity 

to discharge against a pressure equal to 150% of the calculated maximum operating pressure. 

The operating pressure shall be adjusted at the relief valve next to the pump. 

Pump pressure relief valves shall be sized to pass the full pump capacity. 

All electric valves shall be solenoid operated, 240 V, 50 Hz AC wet-pin type, finger-operated, 

with rubber-headed solenoid type push surfaces. 

Hydraulic units shall be provided with magnetic suction filters and pressure filters with electric 

and visible clogging indicators. All filters shall be equipped with by-pass. The cleanliness level 

of the oil shall be maintained at least in compliance with NAS 1638 class 8 as a minimum 

requirement. 

The nominal flow capacity of the filter shall be at least three times the operating flow. Filters 

shall be installed at the most suitable location to facilitate replacement of filter elements. 
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All components of the hydraulic power unit shall be mounted in a manner that allows easy 

replacement without dismantling pipes or other equipment. 

6.11 Hydraulic Pipes 

All hydraulic pipes shall be suitable for an oil pressure equal to 150% of the maximum operating 

pressure and shall comply with DIN 17458 or ASTM A312. 

Fittings shall be selected for an oil pressure equal to 150% of the maximum operating pressure 

and shall comply with DIN 2353 for compression type or ASME B16.11 for socket-weld type. 

Pipe flanges shall be forged steel flanges complying with ISO 2084 or welding neck type flanges 

complying with ASME B16.5. 

6.12 Commissioning Tests 

After installation and before use, each gate system shall be tested for dimensions, alignment and 

smooth operation. Before any test, all parts shall be properly lubricated, and mechanical and 

structural connections shall be carefully inspected.  

The fully assembled gates shall be observed during operation to check proper alignment of all 

moving parts and for vibration. Continuity of circuits and all lubrication points shall also be 

inspected. 

All hydraulic equipment, servomotors, hydraulic power units and pipes shall be subjected to a 

pressure test at 150% of maximum operating pressure, at 20°C, for a period of 30 minutes. 

Commissioning tests shall include at minimum the following procedures: 

■ Checking of gate sealing gaskets with feeler gauge 

■ Measurement of operating speeds 

■ Leakage inspection of closed gate 

■ Checking of operating pressure of hydraulic system 

■ Checking of manual operation of hydraulic oil unit 

■ Checking of movement limits 

■ Checking of motor power consumption 

■ Checking of temperature rise in motors, bearings, etc. 

■ Checking whether the operation is generally satisfactory. 
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6.13 Spare Parts 

The following spare parts shall also be supplied (for each completely assembled gate unless 

otherwise stated): 

■ One set of rubber seals for each gate, together with 10% installation 

reinforcement. 

■ One complete guide cylinder 

■ One bearing or cylinder for each type used 

■ One complete set of servomotor bearings 

■ Two solenoid-operated electric valves for each type used 

■ Two pressure switches for each type used 

■ One position detector for each type used 

■ One complete and fully assembled pump with engine unit 

■ One set of servomotor gaskets and packing 

■ One set of motor contactors 

■ Two limit switches for each type used 

■ One set of relays for each type used 

■ One set of fuses and signal lamps for each type used 

6.14 Additional Provisions 

Additional provisions shall comply with the General Technical Specifications and the 

requirements specified in Article 4 for Spillway Cofferdam Gates. 

7 SUCTION PIPE GATES 

Suction pipe gates shall be used to shut off the suction pipe from the downstream side in order 

to allow inspection or maintenance works of the turbine equipment and the suction pipe. 

7.1 Scope of Work 

The Contractor shall provide all detailed designs for the suction pipe gates and their guides, the 

supply of necessary materials, manufacturing works, transportation, installation, and the 

equipment required for the installation and adjustment of embedded parts in concrete, together 

with all accessories including the lift beam, in order to commission the installation upon 

completion. 

Where applicable, all steel structures such as ladders, railings, and metal slot covers, as well as 

other accessories directly related to any main equipment specified in this specification, shall also 

be part of the supply. 

All accessories and equipment required to render the installation operational shall be provided 

even if not included in the supply list. 
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7.2 Operating Conditions 

The gates shall be used for inspection, repair and maintenance works when the units are not in 

operation. 

After the gate is closed, the water inside the suction pipe shall be discharged through the drainage 

system. 

Each gate shall normally be kept suspended inside one of the relevant slots. However, whenever 

maintenance of the suction pipe is required, the gate shall be placed in position to cut off the 

water flow from the downstream side. These closing and opening operations shall be carried out 

under balanced water load conditions. This condition shall be established before opening by the 

use of a by-pass valve installed on the gate or on the structure. Balanced pressure conditions may 

be achieved by opening the gate slightly. 

Each gate panel shall be a welded structure consisting of a face plate, main horizontal girders, 

vertical girders, and face plate stiffeners. The thicknesses of all structural parts shall be sufficient 

to meet the stress and project criteria. Drainage holes shall be provided on the main girders to 

allow drainage of water during lifting. 

Sealing gaskets shall be located on the upstream side of the gate body. 

Operation of the gates shall be performed by a lifting beam using a monorail crane, gantry crane, 

fixed lifting device or mobile crane. The gate slot on the operation platform shall be closed with 

steel cover plates. 

7.3 Additional Provisions 

Additional provisions shall comply with the General Technical Specifications and the 

requirements specified in Article 4 for Spillway Cofferdam Gates. 

8 SPILLWAY RADIAL GATES 

8.1 General Information 

Radial gates shall be used to lower the reservoir level when required, for flood control, and for 

the discharge of surplus water. 

The spillway shall be equipped with radial gates. Cofferdams shall be provided to allow 

maintenance of the gates without lowering the reservoir level when required. 

8.2 Scope of Supply 

The Contractor shall prepare all detail projects for the suction pipe gates and their guides, supply 

the necessary materials, carry out manufacturing works, transportation, installation, and supply 

all equipment necessary for installation and adjustment of embedded instruments, and supply all 

accessories including a lifting beam required for commissioning after installation is completed. 

Where applicable, all steel structures such as ladders, railings, and metal slot covers, as well as 

other accessories directly related to any main equipment specified in this specification, shall also 

be part of the supply. 
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All accessories and equipment required to render the installation operational shall be provided 

even if not included in the supply list. 

8.3 Operating Conditions 

Radial gates shall normally remain in the closed position. Radial gates shall operate under 

unbalanced, full flow conditions corresponding to the normal operating level. 

Radial gates shall be opened by means of the operating equipment specified under this section 

and shall be closed by their own weight. The gates shall also be capable of being held in any 

intermediate position without the use of any mechanical device other than the specified operating 

equipment. 

In flood conditions, the water level shall never exceed the top level of the gates; therefore, 

measures shall be taken to ensure that the gates remain at least partially open until the flood is 

under control. 

The required operating force shall be 20% greater than the value calculated taking into account 

all relevant weights, friction, and hydraulic losses.  

8.4 Production Conditions 

 The gate body plate shall be a welded structure composed of a curved surface plate, main vertical 

and horizontal girders, surface plate stiffeners, closed box-type arms, and hinge shafts. The 

thicknesses of all structural parts shall be sufficient to meet the stress and project criteria. 

Drainage holes shall be provided on the horizontal girders. 

The arms on the gate shall distribute the hydraulic load to the shafts. The shaft shall consist of a 

stainless-steel shaft and a self-lubricating (or equivalent) bearing system. The arms shall be 

bolted to the main structure and welded to the shafts. Field joints of the gate arms shall be made 

with suitable high-quality bolts. On the arms, there shall be walkways and railings from the shell 

plate to the hinge shaft. On the downstream side of the gate body, ladders shall be provided for 

sealing inspection and other maintenance works. 

The gate weight shall be transmitted through the face plate to the sill beam, ensuring pre-loading 

of the bottom sealing gasket. 

Hinge pedestals and heads shall be made of welded steel construction or cast steel. 

Each pedestal shall consist of a fastening lug, anti-rotation device, adjustment and lifting screws, 

and guiding bearings to facilitate the movement and removal of the support and pin. Each head 

shall be equipped with a self-lubricating bearing. After final adjustments, the hinge pedestal shall 

be bolted to the hinge girder. 

Hinge pins shall be forged of heat-treated carbon steel or equivalent material, surface-coated 

with 50 microns of chrome, machined, and fitted. 

Carbon steel support structures shall carry the shaft loads and transmit them to the concrete 

pedestals. The bases of these structures shall have sufficient bearing areas to keep concrete 

stresses below permissible values. 
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Anchorages shall be anchored into the pier concrete on both sides of the gate to resist all forces 

transmitted from the gate arms. Anchorages shall be of such design that they distribute the load 

uniformly and firmly over the entire concrete area. 

The hinge and hinge girder shall not be embedded in concrete. 

Prestressed rods shall be designed to the highest quality; their quantity, quality, size, 

manufacturing, installation and other details shall be subject to the approval of the 

Administration. 

8.5 Gate Seals 

Gate sealing gaskets shall be made of the best quality natural or synthetic rubber and shall be 

connected to the face plate with stainless steel gasket clamping strips and stainless-steel bolts 

and nuts. Bolt spacing shall be maximum 100 mm at the sides and 200 mm at the bottom. 

Side gaskets shall be of “L” type profile and the bottom sill gasket shall be of flat rectangular 

profile. 

Gaskets shall be installed in such a way as to obtain sufficient pre-pressure to ensure effective 

performance. 

8.6 Side Guides 

Each gate panel shall have at least three (3) guide rollers on each side to provide smooth 

operation at all intermediate positions, and at least two of these rollers shall remain in the groove 

when the gate is fully open. The rollers shall be carbon steel wheels mounted on stainless steel 

shafts and self-lubricating bushings. These rollers shall allow the gate to move laterally by a 

maximum of 5 mm. 

8.7 Embedded Instruments 

Embedded instruments of the radial gates shall consist of two main elements: sill beam and side 

guide/sealing rails. 

The side guide/sealing rails shall extend up to the maximum groove level as shown in the 

technical data paragraph. The surfaces of these rails shall serve both as side guides and for 

sealing. 

The side rail surfaces on which rollers and gaskets operate shall be made of stainless steel with 

hardness greater than that of the roller contact surface. All plates used to stiffen the side rails 

(embedded in concrete) shall be made of carbon steel. The sill beam shall be a carbon steel girder 

covered with stainless steel plate and shall extend across the entire width of the gate. 

The concrete surface shall be aligned with the steel surfaces as closely as possible. All sealing 

gaskets shall operate on stainless steel surfaces. 

The minimum thickness of embedded stainless-steel parts (after machining) shall be 5 mm. For 

carbon steel parts, no minimum thickness is required provided that satisfactory performance is 

ensured. 
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8.8 Suspension Devices 

For each gate, one set of suspension devices shall hold the gate in open position for maintenance 

purposes. 

These devices shall be made of carbon steel and shall have an axial shaft made of stainless steel. 

The device shall be designed and manufactured to be operated by one person. 

8.9 Operation Equipment 

The operation equipment shall comply with Articles 4.5 and 4.6. 

8.10 Spare Parts 

Unless otherwise stated, the following spare parts shall also be supplied for each fully assembled 

gate: 

■ One complete set of undrilled gate sealing gaskets (total quantity for all gates) 

■ 10% of installation reinforcements 

■ Two side guide rollers (total quantity for all gates) 

■ One complete set of servomotor bearings 

■ Two electric valves with solenoids of each type used 

■ Two pressure switches of each type used 

■ One position detector of each type used 

■ One complete and fully assembled pump with engine unit 

■ One set of servomotor gaskets and packing 

■ One set of motor contactors 

■ Two limit switches of each type used 

■ One set of relays of each type used 

■ One set of signal lamps and fuses of each type used 

8.11 Additional Provisions 

Additional provisions shall comply with the General Technical Specifications and the 

requirements specified in Article 4 for Spillway Cofferdam Gates and Energy Intake Structure 

Service Gate. 
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