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3.2 Section 2 - Particular Design & Process Requirements

3.2.1 Introduction

The Contracting Authority Process Requirements presented hereinafter are to be read in conjunction with the section 1 of Volume III, of these Tender Documents, comprising the General Provisions for the tendered Works in accordance with the Conditions of Contract.

Tenderers design proposals shall be in line with the DWA/ATV standards or equivalent internationally accepted standards and shall in particular consider the following design requirements for the main process units of the WWTP. 

3.2.2 Design Parameters

3.2.2.1 Scope of Works

The scope of works for the Leskovac WWTP project is as follows :

Part 1 – Municipal Contract (for information only)
The municipality is responsible for the following contracts:

· Provision of electricity supply – to be completed before the EUD Contractor starts on site

· Provision of water supply - to be completed before the EUD Contractor starts on site

· Completion of main gravity sewer to the WWTP (under construction)

· Construction of the WWTP bypass and treated effluent discharge line (under construction)

The activities under Part 1 do not form part of the scope of works for the present EUD tender

Part 2 – EUD Contract

This contract will be procured through the EUD using PRAG and EuropeAid conditions of contract on the basis of a design & build approach.
The contractor shall prepare a preliminary design for all the plant including the sludge processes (see Part 3), such as to comply with all conditions already obtained and in particular the water conditions. The preliminary design will have to be reviewed by a Republican Review Committee and the Contractor will be expected to amend his preliminary design to satisfy the requirements of the review committee. On obtaining the review approval, the preliminary design will be submitted by the Beneficiary to the Ministry of Planning, Construction and Environment to obtain a Location Permit. 

Upon obtaining of the Location Permit, the Contractor shall prepare his detailed design to cover the portion of the plant belonging to Part 2, for Phase I and Phase II, up to the effluent discharge into the South Morava River. Detailed design shall also be required for those optional elements that may be included in Phase I. 

The scope of the construction works included in the present EUD Tender is generally limited to construction Phase I, but some elements of Phase II must be constructed as well, as indicated in the overview table below as well as in description of the individual process compoments. 

For the water line of the plant, the boundary limits for construction will be the upstream inlet manhole and downstream connection to the bypass /effluent pipeline (to be constructed by a different contractor) to the Morava River. For the sludge line, the scope of the construction works for Part 2 shall cover the sludge treatment process up to and including sludge dewatering. Sludge digestion is not part of the scope of works and belongs to Part 3.  

For optional elements, the Contractor shall provide a price for the requested process element and the Contracting Authority shall decide at a later moment in time, whether the Contractor may proceed with the procurement and construction of these elements.
EUD Contract Interfaces

· Electricity – Low voltage connection in the main electricity substation / transformer station under Part 1
· SCADA – main electricity substation, local substation & control centre boiler house (sludge digestion tank, boiler etc) to be built by a different contractor under Part 1

· Wastewater – Inlet manhole & connection to final effluent bypass line to be built by a different contractor under Part 1
· Blending tank transfer pump – Downstream of blending tank transfer pump and upstream of digestor to be built by a different contractor under Part 3 
· Sludge dewatering units – Upstream of unit and downstream of digested sludge gravity thickener

· Supernatant storage tank – Upstream of supernatant storage tank and downstream of anaerobic digester to be built by a different contractor under Part 3

· Coordination with the Sludge Contract (Part 3) will be essential at the outlet from the thickening tanks and at the Sludge Control Centre for SCADA.

Part 3 Complementary Contract (for information only)
The following information presented for Part 3 is for information only. The EUD Contractor shall include Part 3 in his preliminary design for the obtaining of the Location Permit. However the detailed design and construction of Part 3 shall be entirely outside the scope of work of the EUD Contract.

For the realisation of Part 3, which mainly comprises the sludge processing and anaerobic digestion elements, an complementary Contract shall be launched. The Contracting Authority will be the City of Leskovac and a separate design & build type contract is proposed for Part 3. 

Table 1: Overview Table for Leskovac
	Description
	Construction Phase I
	Construction Phase II

	“Yes” = included in scope of EUD Contract
	Design(*)
	Construction
	Design(*)
	Construction

	Electricity supply & main substation
	No (Part 1)
	No (Part 1)
	No (Part 1)
	No (Part 1)

	Water supply
	No (Part 1)
	No (Part 1)
	No (Part 1)
	No (Part 1)

	Coarse screens
	Yes
	Yes
	Yes
	Yes 

	Inlet pump station
	Yes
	Yes
	Yes
	Yes 

	Fine screens
	Yes
	Yes
	Yes
	Yes 

	Grit & grease chamber
	Yes
	Yes
	Yes
	Yes

	Flow metering  & characteristics
	Yes
	Yes
	Yes
	No

	Storm retention /compensation tank
	Yes
	Yes
	Yes
	Yes

	Flow division to primary tanks
	Yes
	Yes
	Yes
	Yes 
(civil works only)

	Primary settling tanks
	Yes
	Yes
	Yes
	No

	Primary settling tank desludging and transfer pumps
	Yes
	Yes
	Yes
	Yes

(civil works only)

	Flow division to anaerobic bio-P/ activated sludge tank
	Yes
	Yes
	Yes
	Yes 
(civil works only)

	Anaerobic bio-P tank
	No (Part 3)
	No (Part 3)
	No (Part 3)
	No (Part 3)

	Activated sludge tank with N removal
	Yes
	Yes
	Yes
	No

	N removal internal recycle pumps as necessary
	Yes
	Yes
	Yes
	No

	Aeration equipment
	Yes
	Yes
	Yes
	No

	Blower house with local sub-station & control centre
	Yes
	Yes
	Yes
	Yes 
(civil works only)

	Flow division to the final settlement tanks
	Yes
	Yes
	Yes
	Yes 
(civil works only)

	Chemical precipitation of phosphorus 
	No (Part 3)
	No (Part 3)
	No (Part 3)
	No (Part 3)

	Final settlement tanks
	Yes
	Yes
	Yes
	No

	Effluent discharge, flow measurement & quality monitoring
	Yes
	Yes
	Yes
	Yes 
(civil works only)

	Washwater and fire fighting system
	Yes
	Yes
	Yes
	No

	Washwater treatment
	Yes
	Optional
	Yes
	No

	Return activated sludge pumping station
	Yes
	Yes
	Yes
	Yes 
(civil works only)

	Waste activated sludge pumping station
	Yes
	Yes
	Yes
	Yes 
(civil works only)

	Primary sludge gravity thickener and transfer pump
	Yes
	Yes
	Yes
	Yes

	Waste activated sludge mechanical thickener
	Yes
	Yes
	No (Part 3)
	No (Part 3)

	Waste activated sludge storage and transfer pumps
	Yes
	Yes
	No (Part 3)
	No (Part 3)

	Thickened waste activated sludge storage and transfer pumps
	Yes
	Yes
	No (Part 3)
	No (Part 3)

	Blended thickened sludge storage and transfer pumps
	Yes
	Yes
	No (Part 3)
	No (Part 3)

	Anaerobic digestion tanks
	No (Part 3)
	No (Part 3)
	No (Part 3)
	No (Part 3)

	Gas system, storage & flare
	No (Part 3)
	No (Part 3)
	No (Part 3)
	No (Part 3)

	Boiler house, local substation & control centre
	No (Part 3)
	No (Part 3)
	No (Part 3)
	No (Part 3)

	Gravity digested sludge thickener/storage and transfer pumps
	No (Part 3)
	No (Part 3)
	No (Part 3)
	No (Part 3)

	Sludge dewatering
	Yes
	Yes
	No (Part 3)
	No (Part 3)

	Dewatered sludge storage
	Yes
	Yes
	Yes
	Yes

	Sludge stabilisation with lime dosing
	Yes
	Optional
	No
	No

	Dewatered sludge storage facility and transport
	Yes
	Optional
	No
	No

	Supernatant storage & pumping station
	Yes
	Yes
	Yes
	No

	Sludge house
	Yes
	Yes
	Yes
	Yes

	Interconnecting pipework and cabling
	Yes
	Yes
	Yes
	Yes

	Electrical system for whole plant including interface with sludge processing
	Yes
	Yes
	Yes
	No

	Emergency Generator
	Yes
	Optional
	Yes
	No

	SCADA for whole plant including interface with sludge processing
	Yes
	Yes
	Yes
	No

	Final effluent outlet
	No (Part 1)
	No (Part 1)
	No (Part 1)
	No (Part 1)


(*) Design refers to detailed design ; preliminary design needs to be done for Part 1, 2 and 3

3.2.2.2 Hydraulic load

Flow projection for the WWTP shall be as presented on Figure 1
Figure 1
Flow Projection for the WWTP
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Projection updated 2010 based on actualized connection rates
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For the hydraulic calculation of the facilities within WWTP, the following flows shall be considered as basic design criteria.

Table 2: Hydraulic Loads
	Description
	Units
	Phase I
	Phase II

	Average daily dry weather flow
	l/s
	240
	310

	Average daily dry weather flow
	m3/day
	20,740
	26,800

	Maximum daily dry weather flow
	l/s
	310
	410

	Maximum daily dry weather flow
	m3/day
	26,800
	35,500

	Peak hour dry weather flow
	l/s
	490
	640

	Peak hour dry weather flow
	m3/hour
	1,764
	2,304

	Peak hour wet weather flow (normal)
	l/s
	1,000
	1,300

	Peak hour wet weather flow (normal)
	m3/hour
	3,600
	4,680

	Peak hour wet weather flow (extraordinary)
	l/s
	1,500
	1,500

	Peak hour wet weather flow (extraordinary)
	m3/hour
	4,800
	4,800


The Contractor shall design Phase II in accordance with the above-mentioned design flows. However, the treatment line of the plant shall accommodate only the loads up to the peak hour dry weather flows. The rest shall be diverted to the retention basin.
3.2.2.3 Population equivalent

Population Equivalents are calculated on the basis of connected population, population growth projections for the next 30 years, as well as current and foreseen industrial pollution.


Table 3: Population Projections
	Project horizon
	Phase I
	Phase II

	Population equivalents
	86,000
	129,000


3.2.2.4 Industrial pollution

Industrial wastewater to be discharged into the municipal sewerage system is regulated by the Decision on the technical and sanitary conditions for wastewater discharge into the public sewerage. 
The Beneficiary takes the risk of any undefined industrial pollutants in the raw wastewater above the specified loads in this document.

3.2.2.5 WWTP loading

Projected loading for the WWTP shall be as presented on Figure 2.

Figure 2
Projected Loading for the WWTP
	


Relevant loads for sizing of the WWTP are determined on the basis of connected inhabitants and maximum allowable industrial loads, resulting in the values presented in the following table.
Table 4: WWTP Loads
	Loads
	Units
	Phase I
	Phase II

	TSS
	kg/day
	6,020
	9,030

	BOD5
	kg/day
	5,160
	7,740

	COD
	kg/day
	10,320
	15,480

	TKN
	kg/day
	946
	1,419

	TP
	kg/day
	155
	232

	Population equivalents
	-
	86,000
	129,000


The influent concentrations of the WWTP, are derived from the daily dry weather flow as follows.
Table 5: Wastewater Concentrations
	Concentration (C0, QDW)
	Units
	Phase I
	Phase II

	TSS
	mg/l
	295
	340

	BOD5
	mg/l
	250
	290

	COD
	mg/l
	500
	580

	TKN
	mg/l
	46
	53

	TP
	mg/l
	7.5
	8.7


The wastewater characteristics correspond to the average characteristics of the municipal sewage with low industrial contribution. However, apart from those pollutant loadings, in the design the Contractor shall consider possible variations of wastewater characteristics (flows, concentrations and proportions of substrate/nutrients, etc.).

The process water from the sludge treatment causes additional hydraulic and organic load of the wastewater treatment process. The quantity of this load depends on the sludge treatment process chosen, and it shall be taken into account for dimensioning of the equipment and facilities. Wastewater temperature of 12°C shall be considered as the design temperature for nitrification/denitrification process.

3.2.2.6 Effluent quality

The recipient of the effluent from the WWTP is the Southern Morava River. The effluent standards shall comply with the Council Directive 91/271/EC and 98/15/EEC amending 91/271/EEC on the discharge from wastewater treatment plants. Provision of space for biological or chemical phosphorous removal, which shall be built as part of Phase II, has to be foreseen.

Table 6: Required Effluent Quality
	Parameters
	Units
	Maximum allowable concentration

	TSS
	mg/l
	35

	BOD5
	mg/l
	25

	CODl
	mg/l
	125

	TKN
	mg/l
	10

	TPl 

	mg/l
	1


3.2.3 Wastewater and Sludge Treatment Concept

The treatment concept for the Leskovac shall be based on advanced wastewater treatment technology for carbon and in nitrogen removal, taking also into consideration the addition of phosphorous removal units in Phase II. 

Upon completion of all three parts of the plant, the wastewater treatment line shall include primary sedimentation, single-stage activated sludge process comprising carbon removal with intermittent or pre-applied denitrification, as well as chemical phosphorus removal only, or biological + chemical phosphorus removal.

The sludge line shall include sludge thickening, anaerobic sludge stabilization, dewatering biogas collection and treatment and energy recovery.
Based on this concept the following treatment plant elements can be identified:
· Connection from the main city gravity sewer to the WWTP;

· Wastewater lifting pumping station;

· Screening facilities;

· Grit and grease removal chambers;

· Primary settling tanks;

· Biological phosphorous removal;
· Biological nitrification/denitrification tanks;

· Final settling tanks; 

· Sludge recycling and excess sludge pumping stations;

· Blower station;

· Primary sludge thickening facility;

· Excess sludge thickening facility;

· Storage tank for thickened excess sludge;

· Thickened sludge blending tank;
· Anaerobic digesters with local sub/distribution and control centre;
· Gravity post-thickener;
· Sludge dewatering house with local sub/distribution and control centre;
· Biogas storage tank and flare;

· Boiler plant;
· All interconnecting piping and other hydraulic connections;

· Administration and control building;

· Access roads and landscaping;

· Stand-by diesel generator.

3.2.4 Design Requirements

Tenderers are required to prepare complete technical design (preliminary design and detailed design) for all project elements as specified in the Tender (see Overview Table 1)
Technical design shall be in line with the DWA/ATV standards or equivalent internationally accepted standards and shall include both construction phases I and II.

The Contractor shall base his design on the design criteria described hereafter which are the minimum requirements. The Contractor may propose higher or more strict criteria as he deems necessary. The number of process units is indicative. However, the overall design concept as described above must be maintained and no variant solutions are accepted.
3.2.4.1 Preliminary Wastewater Treatment Facilities

New mechanical treatment facilities shall include the following process units:

· Connection to the main city gravity sewer;

· Mechanical coarse screens; 

· Lifting pump station;

· Inlet wastewater distribution chamber;

· Influent flow measurement and influent quality measurement (automatic sample taker); 

· Fine screen structure including operational automatic screens and a by-pass unit;

· Aerated grit chamber, incl. grit classifier and grease and scum collection and removal;

· Within fine screen house-building power sub-distribution, blower station for the grit chamber and local process control;

· Power supply and connection to the main control centre;

· Related infrastructure connections;

· Interconnecting pipework and cabling

The preliminary treatment facilities shall be provided with a power sub-distribution and local process control system which shall be located in the screen house and which shall be interlocked with the new WWTP process control (main control centre).

3.2.4.1.1 Connection to Main City Sewer

Wastewater from the Project Area shall be transferred to the WWTP Leskovac through the main city gravity sewer.

The main city gravity sewer shall transport to the WWTP location all collected communal wastewaters, as well as pre-treated industrial effluents from the Project Area (town of Leskovac and its suburbs).

General layout of the downstream part of the Leskovac wastewater system
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Also, since the sewerage system in Leskovac is of so called combined type (collects both wastewater and stormwater discharge), the main city gravity sewer partially transfers stomwater discharge, i.e. its most polluted part, called first flush, up to the above specified maximum wet-weather flows.

The maximum design capacity of the city main gravity sewer (for pipe flowing full) is in the range of 1.400 to 1.500 l/s, meaning that this is the maximum flow that can reach the WWTP location.

In accordance with the available as-built documentation obtained from the beneficiary, the main city gravity sewer is of DN1.200, its average grade is 1.3 m/km, pipe material is HDPE, and its invert elevation in the connection point is 212,98 masl. These data are to be considered as tentative, while the Contractor must verify exact as built status at the connection point by means of topographic survey, or by other means, as required.

In the connection point there should be a side overflow weir that shall be able (depending on water level in the recipient) to transfer excessive discharge to the by-pass line. Design capacity of the by-pass line (which is out of the scope of this tender) shall be equivalent to the design capacity of the incoming main city gravity sewer.

3.2.4.1.2 Coarse Screen Installation 

In the inlet section of the wastewater lifting pumping station shall incorporate automatic coarse screens that shall remove coarse debris transported with incoming wastewater. The screens shall be equipped with cleaning mechanism – racks that shall operate automatically, based on differential head on the screen. The screenings after simple straining shall be automatically deposited into a 1m3 container for which a spare shall be provided.
This section shall comprise a receiving and distribution channel with installation channels for the screen units and effluent channel to the wastewater lifting pumping station. Raw sewage shall be introduced into the receiving and distribution channel and then evenly distributed into the individual installation chambers/channels of the screens. The screens shall be for open channel installation.

The channels are to be designed as open concrete channels of monolithic design with installation platforms. Isolating channel gates upstream and downstream of the screens as well as a complete covering with inspection manholes, access ladder and service platform with lifting devices for heavy equipment shall be provided. All channels shall be profiled in such a way that sedimentation of coarse matters is prevented. Sufficient flushing facilities (technical water) shall be provided.

The civil works for coarse screen section shall be constructed and equipped for Phase II.
Table 7: Design parameters for coarse screen section
	Design Horizon
	Units
	Phase II

	Population Equivalent
	
	129,000

	Maximum daily dry weather flow
	l/s
	410

	
	m³/d
	35,500

	Peak dry weather flow
	l/s
	640

	
	m3/h
	2,305

	Peak wet-weather flow
	l/s
	1,500

	
	m3/h
	5,400


Table 8: Basic technical requirements for coarse screen section
	Technical feature
	Units
	Value, description

	Number of screens
	
	n=2

	Type of screens
	
	Climber screen/grab-bar type, reciprocating /step screen or equivalent

	Clear bar spacing
	mm
	50

	Flow velocity:

1) upstream of screen

2) between bars
	m/s
	≥ 0.5

≤ 1.2

	Number of conveyors
	
	1 per screen line

	Type of conveyor
	
	Screw or belt conveyor

	Screening press
	
	1 per screen line

	Type of press
	
	Screw press with spray mechanism and feed pipe

	Number of containers
	
	n + 2

	Size of container
	m3
	1


3.2.4.1.3 Inlet Pumping Station 

The inlet Pumping Station shall be constructed and fully equipped for the Phase II design capacity, i.e. for the ultimate design horizon.

The Pumping Station shall be equipped with submersible wastewater pumps transferring incoming wastewater into the wastewater inlet/distribution chamber. The Pumping Station shall be equipped state of the art switchboards and frequency converters for at least 2pumps. There should be a minimum of 3 operational pumps of equal characteristics in the Pumping Station delivering its full design capacity, plus one additional stand-by pump (of the same characteristics) that can be activated at any time in case one of operational pumps is out of order, being maintained, or similar.

Tenderers shall make their own provisions in order to verify all boundary conditions of importance for positioning and design of the Pumping Station, in particular as built status of the incoming main gravity sewers.

The inlet Pumping Station shall be able to transfer the maximum design wet weather flow to the plant inlet/distribution chamber. The following table includes basic design criteria for the inlet Pumping Station.

Table 9: Inlet Pumping Station – basic design criteria
	Design Horizon
	Unit
	Phase II

	Population Equivalent
	
	129,000

	Maximum daily dry weather flow
	l/s
	410

	
	m³/d
	35,500

	Peak dry weather flow
	l/s
	640

	
	m3/h
	2,305

	Peak wet-weather flow
	l/s
	1,500

	
	m3/h
	5,400

	Required head at the discharge side
	m
	Water level in the inlet/distribution chamber sufficient to ensure gravitational flow through the WWTP for its ultimate design capacity, and for the prescribed boundary conditions in the recipient (water level 217.50 masl)

	Type of pumps
	
	Wastewater, submersible

	Number of pumps
	pcs
	Minimum 3 + 1


Operation control of the pumps shall be by means of frequency converters (FC) in relation to hydraulic conditions at the inlet, and in relation to the WWTP requirements. Individual pumps shall be switched “ON/OFF”, depending on operational requirements, in case of pump failure and also in order to equalize hours of operation hours of individual pumps an automatic changeover “Duty/Standby” shall be provided. Water level measurement in the wet-well shall be established as a continuous ultrasonic measurement (or equal), with transmission to the local PLC. In addition, each pump shall have its individual dry-run protection system. The local PLC shall be interlocked with the main operation control of the plant.

Apart from the regular power supply, in case of power cut, the inlet Pumping Station shall have provision of stand-by power supply by means of a stand-by generator set that shall provide power supply required for the pumping station full operational capacity.

Apart from the regular power supply, in case of power cut, the inlet Pumping Station shall have provision of stand-by power supply by means of a stand-by generator set that shall provide power supply required for the pumping station full operational capacity.
3.2.4.1.4 Inlet/distribution chamber

The inlet pumping station transfers wastewater to the inlet/distribution chamber. The inlet/distribution chamber transfers further wastewater to the WWTP, up to its prescribed design capacity, and also diverts portion of incoming mixed wastewater-stormwater flow to a stormwater retention tank.

The maximum hydraulic loading that can be transferred from the inlet/distribution chamber to the WWTP shall correspond to the prescribed maximum dry weather flow. All flows exceeding the maximum hydraulic loading of the plant shall be diverted to the stormwater retention tank that shall temporarily accommodate a part of stormwater discharge, and actually balance inflow from the inlet Pumping Station and wastewater transfer to the plant.

Wastewater transfer to the WWTP shall be conducted by means of a variable level sharp-edged weir that shall control wastewater inflow to the plant, and prevent plant overloading.

Continuous water level measurement (ultrasonic type, or other equivalent) shall be provided in the inlet/distribution chamber, and a head on the abovementioned plant inlet weir shall be effectively used for plant inflow measurements. Design of the inflow from the Pumping Station to the inlet/distribution chamber and the chamber itself shall ensure adequate energy dissipation, i.e. favourable hydraulic conditions required for precise water level measurements.  The WWTP inlet weir shall be of variable level, sharp-crested type, with sufficient free board downstream (min 0.1m) that shall prevent any downstream hindrance.

The inlet/distribution chamber shall also include overflow weir towards the stormwater retention tank that shall divert wastewater/stormwater flows in excess of the plant maximal hydraulic loading to the stormwater retention tank. This overflow weir and a link to the retention tank shall be sized for the maximum wet-weather flow. 
Table 10: Inlet/Distribution Chamber – basic design requirements
	Design Horizon
	Unit
	Phase II

	Population Equivalent
	
	129,000

	Maximum daily dry weather flow – to WWTP
	l/s
	410

	
	m³/d
	35,500

	Maximum hydraulic loading of WWTP = Peak dry weather flow
	l/s
	640

	
	m3/h
	2,305

	Peak wet-weather flow – maximum possible transfer to stormwater retention tank
	l/s
	1,500

	
	m3/h
	5,400

	Elevation of the WWTP inlet weir
	masl
	Water level in the inlet/distribution chamber sufficient to ensure gravitational flow through the WWTP for its ultimate design capacity, and for the prescribed boundary conditions in the recipient (water level 217,50 masl)


3.2.4.1.5 Fine Screen Structure 

Fine Screens shall be installed in a separate structure just downstream of the wastewater inlet/distribution chamber and upstream of great and grease removal chambers.

The fine screen section shall be designed and constructed for Phase II.
Table 11: Design parameters for fine screen section
	Design Horizon
	Units
	Phase I
	Phase II

	Population Equivalent
	
	86,000
	129,000

	Maximum daily dry weather flow
	l/s
	310
	410

	
	m³/d
	26,800
	35,500

	Peak dry weather flow
	l/s
	490
	640

	
	m3/h
	1,764
	2,305

	Number of screens
	
	two duty fine screen and one stand-by with manual coarse screen
	two duty fine screen and one stand-by with manual coarse screen


Table 12: Basic technical requirements for fine screen section 
	Technical feature
	Units
	Value, description

	Type of screens
	
	Climber screen/grab-bar type, reciprocating /step screen, wedge wire drum screen, or equivalent

	Clear bar spacing
	mm
	6

	Flow velocity:

1) upstream of screen

2) between bars
	m/s
	≥ 0.5

≤ 1.2

	Screenings production
	l/PExm
	20 - 35


	Compaction factor
	%
	50

	Number of conveyors
	
	1 per screen line

	Type of conveyor
	
	Screw or belt conveyor

	Screening press
	
	1 per screen line

	Type of press
	
	Screw press with spray mechanism and feed pipe


	Number of containers
	
	n + 2

	Size of container
	m3
	1


Removal of screenings shall be arranged by means of automatically operated fine screens with appurtenant screenings conveyance and dewatering installed in the new screen structure.

The Fine Screen structure shall accommodate fine screens and ancillary equipment, and a blower room for compressed air supply of the Grit Chambers. In addition, the Fine Screen structure shall allow for solid waste treatment and storage area (screenings and grit), and the local power sub-distribution and control room.

The screen section shall comprise a receiving and distribution channel with installation channels for the screen units and effluent channel to the Grit Chambers. Incoming wastewater shall be directed into the receiving and distribution channel, evenly distributed into the individual installation chambers/channels of the screens. The screens shall be for open channel installation. There shall be two operational screens plus one manual stand-by screen.

The channels are to be designed as open concrete channels of monolithic design with installation platforms inside the screen house. Isolating channel gates upstream and downstream of the screens as well as a complete covering with inspection manholes, access ladder and service platform with lifting devices for heavy equipment shall be provided. All channels shall be profiled in such a way that sedimentation of coarse matters is prevented. Sufficient flushing facilities (service water) shall be provided.

The channels shall be designed such that the duty screens can be bypassed on complete failure of the screens or of the power supply system.

Screenings shall be discharged into screw conveyors with spraying/washout device for conveyance into subsequent screening presses, which may feed screenings containers, alternating. 

Operation control of the screens shall be realized as a water level difference control with secondary timer-control for each individual unit that shall be considered by the local PLC. Under normal operational conditions automatic operation of the screens will be controlled by continuous measurement of the upstream and downstream water level in the installation channel. Depending on preset values for the water level difference control discontinuous operation of the cleaning mechanism shall be initiated. In addition, in case of failure or under low flow conditions the secondary timer control shall initiate regular cleaning of the screens. Operation of the screenings conveying system shall be synchronized.

The solid waste treatment and storage area shall consider space requirements for arrangement of the screenings containers as well as for the grit classifier and containers, and the scum treatment facilities. A work safe and approved transportation system for the containers, i.e. rail-system or container carriers, shall be provided.

The special environmental conditions of raw sewerage treatment require construction of the concrete works with sulphate resistant concrete; finishing of floors and walls with ceramic tiles up to 2.0 meters above finished floor level; completion of all internal steel works (ladders, platforms, a.s.o.) shall be in stainless steel grade W 1.4571 (BS 320 S 31); completion of all internal pipe work shall be in stainless steel grade W 1.4571 (BS 320 S 31) or polyethylene (HDPE). With regard on possible emissions of hydrogen sulphide (H2S), bad odours and classification of the operation room as Ex-zone Ex1. It shall be made sure for sufficient ventilation of the screen house.

The third operational section of the fine screen structure shall comprise a blower room for arrangement of at least n+1 blowers (rotary piston blowers) for grit chamber aeration: n=2. The blower room shall have sufficient size for installation of the blowers, local switchboards and compressed air pipework. It shall have sufficient natural lighting and ventilation; access shall be separate, from outside, only.

Low-voltage power supply and operation control of the mechanical treatment facilities shall be arranged in a separate control room located in the fine screen structure. It shall have sufficient size for installation of the required number of control cabinets for the individual electric drives, feeder and measuring cabinets of the local sub-distribution as well as control boards for PLC and measuring instruments. The local PLC shall be interlocked with the main operation control of the plant. It shall have sufficient natural lighting and ventilation; access shall be separately, from outside, only.

3.2.4.1.6 Influent Flow and Quality Measurement

The Influent Flow and Quality Measurement facilities shall be designed and constructed for Phase II. Influent flow control shall be arranged in the wastewater inlet/distribution chamber, on the WWTP inlet weir, by means of water level (head on weir) measurements (control inflow indication) and also on a flowmeter to be installed in a flowmeter chamber on a connecting line between the aerated grit chambers and primary settling tanks. Control of pH-value and temperature shall be located in the inlet/distribution chamber. Additionally, an automatic sample-taker shall be installed. Basic design requirements are set in the following table.


Table 13: Influent Flow and Quality Measurement
	Description
	Units
	Phase I
	Phase II

	Average daily dry weather flow
	l/s
	240
	310

	Average daily dry weather flow
	m3/day
	20,740
	26,800

	Maximum daily dry weather flow
	l/s
	310
	410

	Maximum daily dry weather flow
	m3/day
	26,800
	35,500

	Peak hour dry weather flow
	l/s
	490
	640

	Peak hour dry weather flow
	m3/hour
	1,764
	2,304

	Peak hour wet weather flow
	l/s
	1,000
	1,300

	Peak hour wet weather flow
	m3/hour
	3,600
	4,680


Measuring devices shall be microprocessor-controlled with temperature compensation, provided within a weatherproof housing, with local display and remote transmission to the PLC/operation control centre.

Online monitoring instruments for continuous measurement of certain influent quality parameters such as ph/conductivity/ temperature a.s.o., shall be applied. 

An automatic sampler shall be provided with arrangements to take flow proportional 2-hour-composite or 24-hour-composite samples.

 All signals shall be processed by the control centre (PLC-control-system) of the primary treatment facilities at the screen house and shall be furthermore transmitted to the main operation control centre of the plant.

3.2.4.1.7 Stormwater Compensation Tank

The stormwater retention/compensation tank shall be built next to the inlet pumping station and inlet distribution chamber. Since major section of the existing Leskovac wastewater collection system is of so called combined type (collection of wastewater and stormwater runoff in a singe system) the stormwater compensation tank is introduced in order to accommodate most polluted portion of collected stormwater and to balance incoming flow of mixed wastewater and stormwater and further transfer of untreated wastewater to the plant. It also contributes to optimizing hydraulic loadings and therefore sizing of the wastewater treatment plant and the maximum inflows to the plant is limited to the peak hourly dry weather flows.

Complete influent is brought to the inlet pumping station and then pumped over to the wastewater inlet/distribution chamber. In the inlet distribution chamber there shall be two controllable sharp-crested weirs; one to the wastewater treatment plant and the other to the stormwater compensation tank. Only the maximum flow equivalent to the peak hourly dry weather flow shall be allowed to the plant, while excessive flow that occurs during rainy episodes shall be diverted and retained in the stormwater compensation tank. From the stormwater compensation tank there shall be a return pipe through which water shall be gradually and controllably discharged back to the inlet pumping station. 
The return pipe shall be equipped with an adequate regulating valve and a flowmeter. Actual discharge in the return pipe shall be measured on the flowmeter and controlled by the regulating valve. Return discharge shall be related to the current overall inflow to the WWTP site and current WWTP operational capacity, but bearing in mind that the maximum hydraulic loading to the WWTP process line is equivalent to the prescribed peak dry weather flow.

A cleaning system shall also be provided to wash down the tanks after use and reduce risks of odours.
In order to prevent settling and septic conditions in the storm tank, horizontal wall-mounted mixers shall be installed in the stormwater compensation tank.

Table 14: Basic features of planned stormwater compensation tank
	Description
	Phase I
	Phase II

	Nominal wet-weather flow to the tank (normal differential flow)
	490
	l/s
	640
	l/s

	Volume of the tank
	5,000
	m3
	5,000
	m3

	Retention time
	2.8
	h
	2.0
	h

	Maximum wet-weather flow to the tank (emergency differential flow when the plant is out of operation)
	1,500
	l/s
	1,500
	l/s

	Water depth in the tank
	5
	m
	5
	m

	Emergency overflow weir capacity
	1,500
	l/s
	1,500
	l/s

	Specific energy input (min.)
	10
	W/m3

	Type of mixer
	Submersible, horizontal, wall mounted

	Cleaning device
	Tipping buckets system, or equivalent


It is of utmost importance to ensure the overflow weir capacity, and its elevation so that the maximum emergency wet-weather flow of 1,500 l/s can be transferred through the by pass line, to the main outlet even for the prescribed high water level in the recipient of 217.5masl.

The stormwater retention tank shall be fully constructed and equipped for Phase II.
3.2.4.1.8 Aerated Grit Chamber 

The Grit Chambers shall be designed and constructed for Phase II. For grit and grease removal longitudinal aerated grit chambers with lateral grease traps and travelling suction scraper bridges shall be applied.

Table 15: Design Criteria for Aerated Grit Chamber

	Criteria
	Phase I
	Phase II

	Design peak flow
	490
	l/s
	640
	l/s

	Number of operational units 
	2
	2

	Type 
	Aerated longitudinal DIN 19551-3 or equal

	Type of sand/scum removal
	Scraper bridge or suction scraper

	Separation efficiency
	≥ 95 % for Ø 0.25 mm

	Minimum retention time at peak flow
	≥ 300

Or separation of particles >0.25mm with 95% efficiency
	s

	Flow velocity, horizontal
	0.2
	m/s

	Grease trap surface load, qA
	≤ 25
	m/h

	Width/depth ratio
	0.8
	

	Length of the chamber
	14 to max. 50
	m

	Cross section area
	2-15
	m2

	Specific air requirement
	0.5-1.3
	Nm3/(m3∙h)

	Diffuser depth
	0.7 x water depth
	m

	No. of blowers
	2+1
	

	Type of blowers
	Rotary piston blower

	Number of sand pumps
	2+1
	

	Type of pump/impeller
	Submersible/vortex
	

	Capacity
	Corresponding to grit removal system plus 10 %
	m3h

	Number of scum pumps
	2+1
	

	Capacity
	Corresponding to scum removal system plus 10 %
	m3/h

	Tpe of pump/impeller
	Submersible/vortex
	

	No. of Grit classifier
	1
	

	Specific sand production
	5
	l/PE/a

	No of grit containers
	n+1
	

	Volume of grit container
	1
	m3

	Specific grease production
	0.005 – 0.03
Average 0,006 
	l/PE/day


The Grit Chambers shall be designed as parallel operated twin-chambers. The grit chambers shall be constructed as concrete buildings in monolithic design with peripheral grease chambers, in- and effluent chamber, sand and scum pumping station. Isolating channel gates in the influent and effluent sections of the grit chambers shall be considered. Inspection manholes, access ladders and service platforms with lifting devices for heavy equipment, and coverings shall be provided accordingly. All channels shall be profiled in such a way that sedimentation of coarse matters will be prevented. Moreover sufficient flushing facilities (service water) shall be considered.

The aeration system of the grit chambers shall comprise horizontally installed tube aerators, blowers and air distribution pipework, c/w. all required fittings and armatures. The blowers are to be installed in a separate blower room. It shall have sufficient size for installation of the blowers, local switchboards and compressed air pipework with natural lighting and ventilation.

Travelling service bridges for discontinuous sand and scum removal shall be installed. Scraper blades shall apply sand removal from the bottom sand trap into sand hoppers at the grit chambers head. Height adjustable scum blades shall be provided for the grease traps in order to remove scum layers into grease pits at the front side of the tanks. Scrapers and scum blades are to be assembled at the travelling service bridges. Alternatively, sand removal shall be considered by submersible pumps which discharge the sand from the bottom sand trap into a lateral concrete effluent channel, which conveys the flow into a sand pumping station at the front side of the tanks.

Optionally, the sand removal system shall be designed for application of a twin-type suction scrape system comprising travelling bridges with suction pump.

A grit classifier shall be provided for sand washing and dewatering, which shall be installed in the solid waste treatment and storage area of the screen house. Classified grit shall be feed into grit containers, which shall be provided in a sufficient number. 

Conveyance of the sand-water mixture from the sand hoppers or the sand pumping station at the grit chambers into the grit classifier shall be applied by air-lift pumps or submersible pumps. Submersible pumps to be applied for sand conveyance shall be in special, abrasive resistant design of pump-body and impeller. 

Separated scum and grease shall be discontinuously discharged from the grease pits at the grit chambers by submersible pumps. The liquid phase shall be returned to the wastewater flow, the solids shall be disposed together with the screenings. The scum treatment facilities shall be located inside the screen house, too.

Operation control of the travelling scraper bridge shall be realized by means of a PLC unit with timer control of the operation sequences, installed in a local switchboard, which is assembled onto the bridge with power supply via a motorized cable reel. The operation of the grit and scum discharging systems, incl. grit classifier and screen, shall be synchronized accordingly.

Completion of all submerged metal parts and pipework shall be in stainless steel grade W 1.4571 (BS 320 S 31); completion of all connecting pipework and shall be in polyethylene (HDPE). 

3.2.5 Primary Sedimentation

Parallel operated, circular horizontally flown sedimentation tanks with rotating scraper bridges shall be applied for removal of solid matters and scum. The scope of the construction works and equipment shall be for Phase I.
Table 16: Design Criteria for Primary Sedimentation Tanks

	Description
	Phase I
	Phase II

	Peak flow 
	490
	l/s
	640
	l/s

	Number of operational tanks
	2
	3

	Type of tank
	Circular, centre feed

	Type of removal system
	Rotating scraper bridge

	Surface load
	2.5-4
	m3/m2h

	Retention time (Qmax)
	0.5 – 1.5 

or as required by process design
	h

	Depth of tank
	3
	m

	Flow velocity, horizontal
	≤ 0,3
	m/s

	Type of effluent weir
	DIN 19558 Form B

	Specific primary sludge production
	30-40
	g/PE/d

	Dry solids content
	3-5
	%

	Treatment efficiency

BOD5 reduction

COD reduction

TKN reduction

Phosphorous  reduction

TSS reduction
	≤ 25

≤ 25

≤ 10

≤ 10

≤ 55
	%

%

%

%

%

	Number of sludge pumps per tank
	n + 1
	

	Capacity
	as required
	m3/h

	Type of pump
	positive displacement
	

	Number of scum pumps
	n + 1
	

	Capacity
	as required
	m3/h


The Primary Sedimentation Tanks (PST) shall be designed and constructed as parallel operated circular concrete basins with horizontal flow, which shall be provided with rotating scraper bridges with systems for bottom sludge removal and scum removal. The wastewater shall be fed into the centre distribution well of the clarifier from the distribution chamber. The distribution well shall be integrated in the centre machine bearing support structure. The wastewater will horizontally flow from the centre structure to the peripheral effluent spillway.

Bottom sludge shall be continuously removed by a scraper blade assembly, which forms the shape of a logarithmic spiral. The scraper mechanism shall be designed as dragged scraper blades with lifting gear. The scum removal system comprises skimming troughs with manually operated scum discharge flaps, one of them with integrated pump sump. Floating materials and scum will be conducted to the pump sump and from there pumped by a submersible pump through the central bearing into the scum discharge pipe. Furthermore the scraper bridges shall be provided with antifoam measures comprising a spraying mechanism with pressurized service water supply, distribution pipework with spray nozzles, which shall be assembled under the scraper bridge.

Clear water discharge shall be achieved via peripheral effluent channels with v-notched overflow weirs at both wall crests and a scum baffle at the inner circle.

Inspection manholes, access ladders and service platforms with lifting devices for heavy equipment, and coverings shall be provided accordingly.

A separate primary sludge pumping station shall be constructed close to the PST’s. Primary Sludge (PS) discharge shall take place by direct removal of the sludge from the individual sludge hoppers via the connection siphon pipes and positive displacement pumps, directly into the primary sludge thickeners. At least n + 1 pumps shall be provided for each PST considering discontinuous and alternating sludge removal from the individual sludge hoppers of each tank. Scum shall be discontinuously discharged from a separate pumping pit by submersible pumps/alternatively piped to the scum/grease pit of the grit chambers and pre-treated analogously. 

Completion of all internal steel works (ladders, platforms, a.s.o.) shall be in stainless steel grade W 1.4571 (BS 320 S 31); completion of all internal pipe work and submerged parts shall be shall be in stainless steel grade W 1.4571 (BS 320 S 31) or polyethylene (HDPE). With regard on possible emissions of methane in the pump room and classification of the pump room as Ex-zone Ex1. It shall be made sure for sufficient ventilation.

The PS pumping station shall have a sufficient size for installation of the pumps, local switchboards, suction and pressure sludge pipework with natural lighting and ventilation. Sludge pipework; c/w. fittings and armatures, and service water connections. Lifting devices for heavy equipment, and coverings shall be provided accordingly.

Operation control of the scraper bridge shall be realized by means of a PLC unit with timer control of the operation sequences, installed in a local switchboard, which is assembled onto the bridge. Power supply shall be via a motorized cable reel. Operation control of the PS pumping station shall be synchronized in accordance to the operational conditions and requirements of the WWTP and the filling level of the primary sludge thickeners.

For flexible process selection it shall be possible to bypass each or all of the primary sedimentation tanks and therefore the distribution chamber for the primary tanks shall be arranged appropriately. 
3.2.6 Secondary & Advanced Wastewater Treatment Facilities

The facilities for secondary & advanced wastewater treatment shall be constructed and equipped for Phase I. The construction must include provisions that allow the required extensions in Phase II. 
The Contractor’s Proposal shall comprise, but not limited to, the following process units:

· Activated Sludge Tank (AST);

· Blower Station with power sub-distribution and local process control;

· Final Sedimentation Tank (FST);

· Return Sludge Pumping Station;

· Excess Sludge Pump Station;

· Effluent Quality Measurement;

· Technical Water Supply System and Effluent Flow Measurement

· Related pipelines infrastructure connections

· Power supply and connection to main control centre;

· Related infrastructure connections;

· Interconnecting pipework & cabling

In addition to carbon and nitrogen removal the Contractor shall propose phosphorous removal technology.

The Contractor shall provide space in accordance with proposed phosphorous removal technology to be constructed during Phase II.atment facilities shall be provided with local power sub-distribution and local process control system that will be located in the blower house and shall be interlocked with the new WWTP process control (main control centre).

3.2.6.1 Activated Sludge Tank (AST) 

The Activated Sludge Tanks (AST) shall be designed and constructed for Phase I. Provisions for extension in Phase II shall be made.

Removal of the organic loads shall take place in accordance to the activated sludge system for effluent standards as specified in this Tender Document. Advanced wastewater treatment concerning additional nitrogen (N) removal shall be constructed together with the secondary treatment facilities.

The process of intermittent or pre-denitrification shall be applied. Phosphorous removal facilities shall be constructed in Phase II, but the AST shall have provisions for their future connection.
The AST shall be designed for the following loads and design criteria under consideration of respective pre-treatment efficiencies and internal re-loads from sludge water recycling.
Table 17: Design Criteria for Activated Sludge Tanks

	Description
	Phase I
	Phase II

	Design flow
	310
	l/s
	410
	l/s

	Number of units
	2
	lanes
	3
	lanes

	Inlet BOD5
	3,870
	kg/d
	5,805
	kg/d

	Inlet TSS
	3,010
	kg/d
	4,515
	kg/d

	Inlet TKN
	851
	kg/d
	1,277
	kg/d

	Inlet P
	140
	kg/d
	209
	kg/d

	Effluent BOD5 
	518.5
	kg/d
	670
	kg/d

	Effluent TSS
	726
	kg/d
	938
	kg/d

	Effluent N
	207
	kg/d
	268
	kg/d

	Effluent P
	106
	kg/d
	26.8
	kg/d

	Design Criteria
	
	

	VD/VNT 
	0.3 – 0.5
	

	Re-loads from sludge water

BOD5-reload

COD- reload

Ammonia (Ntot)

Phosphorous (Ptot)

Total Suspended Solids, TSS
	≥ 5

≥ 5

≥ 5

≥ 5

≥ 5
	%

%

%

%

	Design temperature
	12
	°C

	Minimum sludge age
	10 - 13
	d

	MLSS
	3 - 4
	kg/m3

	Specific sludge production
	≈ 35
	g/PE/d

	Oxygen Supply
	
	

	Type of aeration
	Fine bubble
	

	Type of aerators
	Disk/membrane
	

	Diffuser depth
	≤ 6.0


	m

	Dissolved O2 content required
	2
	mg/l

	Design temperature
	12
	°C

	Peak factors for max C/max. N loads
	DWA A131
	

	Specific oxygen consumption for carbon removal
	1.07 -1.2
	kg O2/kg BOD5

	Minimum acid capacity
	1.5
	mmol/l

	Altitude of WWTP
	215
	m.a.s.l

	α-value



	0.5 – 0.6
	

	Oxygen yield

- membrane aerators
	≤ 20
	g O2/m3N/ m

	Type of blower
	Rotary Piston/Turbo Blower

variable speed
	

	Number of blowers
	n+1
	

	Number of DO meters per AST
	2 minimum
	

	AST Mixing
	
	

	Specific energy imput
	8 - 13
	W/m3

	Horizontal flow velocity
	0.3
	m/s

	Type of mixer
	Submersible
	


The Activated Sludge Tanks (AST) shall be constructed as parallel operated longitudinal concrete basins with horizontal flow. 

An effluent weir with scum baffle at the lower end of the AST shall allow for the flow of the biologically treated wastewater into the Final Sedimentation Tanks (FST). 

Oxygen supply shall be realized by a two-line system of compressed air. For compressed air aeration an aeration system comprising non-clogging membrane aerators, compressed air supply and distribution pipe work with blowers for compressed air generation are to be provided. A sufficient number of disc aerators which are to be installed on a certain number of aerator panels, shall be distributed over the bottom surface in such a way that an area-covering arrangement of the aerators can be made sure. Aerator panels shall be provided with a drain system and shall be connected to the supply pipe work individually via separate shut-off devices. A blower station for compressed air generation shall be constructed close to the AST. At least two DO-meters (dissolved oxygen content measurement) for continuous monitoring of the content of dissolved oxygen inside the AST volume shall be provided for each basin. Operational control of the aeration systems of the individual basins shall be achieved by control of the blower capacity in accordance to the measuring value against a pre-set standard value. Therefore the electric motors of the blowers shall be provided with frequency converters.

Adequate mixing of the AST volume shall be made sure through continuous energy intake due to fine bubble aeration or, in case of intermittent aeration, with installation of submersible mixers from the slow motion “Banana” type.

Operation control of the denitrification process shall be achieved by means of a combined Redox/DO control using an automatic controller. On-line measurements are required for each individual basin. 

Special attention has to be paid in the design regarding the change of any pipework under the aeration tanks for removal/maintenance.

Low-voltage power supply and operation control shall be arranged in the adjacent blower house. The local PLC shall be interlocked with the main operation control of the plant. 
For situation with complete failure of the mains electricity supply and where standby electricity supply has to be used the aeration system shall limit aeration to that equivalent to average dry weather flow.
3.2.6.2 Phosphorous removal

The facilities for Phosphorous removal shall be designed on the level of preliminary design. A chemical phosphorous removal process shall be proposed, while biological phosphorus removal, enhanced with chemical precipitation shall also be allowed.

Phosphorus removal is not included in Phase I, but provisions for space and connections must be made for future construction of P removal in Phase II.

The chemical dosing facilities for phosphorous precipitation shall be provided and designed for the following loads and design criteria under consideration of respective pre-treatment efficiencies and internal re-load from sludge recycling.
Table 18: Design Loads and Criteria for Phosphorus Precipitation
	Description
	Phase I
	Phase II

	Design flow
	310
	l/s
	410
	l/s

	Number of units
	2
	
	3
	

	Inlet P
	140
	kg/d
	209
	kg/d

	Effluent P
	106
	kg/d
	26.8
	kg/d

	Re-loads from sludge water

BOD5-reload

COD- reload

Ammonia (Ntot)

Phosphorous (Ptot)

Total Suspended Solids, TSS
	≥ 5

≥ 5

≥ 5

≥ 5

≥ 5
	%

%

%

%

	P incorporated in activated sludge
	0.01
	kg/kg

	Precipitant
	FeCl3 or equal
	

	Storage time for FeCl3 tank
	month
	1


Storage and dosing facilities shall be located in the Blower House. Operation control of the dosing process shall be flow/proportional with preset dosing rates of the manually adjustable dosing pumps.

Biological phosphorous removal shall take place in anaerobic mixing tanks located upstream nitrification/denitrification tank. Anaerobic mixing tanks shall be dimensioned for a minimum contact time of 0.5 to 0.75 hours, referred to a maximum dry weather flow and the return sludge flow.

Provision of space for future biological and chemical phosphorous removal shall be foreseen in accordance with the following design criteria.
Table 19: Design Loads and Criteria for Biological Phosphorus Removal
	Description
	Phase I
	Phase II

	Design flow (including recycled flow)
	620
	l/s
	820
	l/s

	Number of units
	2
	
	3
	

	Inlet P
	140
	kg/d
	209
	kg/d

	Effluent P
	104
	kg/d
	26.8
	kg/d

	Re-loads from sludge water

BOD5-reload

COD- reload

Ammonia (Ntot)

Phosphorous (Ptot)

Total Suspended Solids, TSS
	≥ 5

≥ 5

≥ 5

≥ 5

≥ 5
	%

%

%

%

	P incorporated in activated sludge
	0.01
	kg/kg

	Contact time
	0.5 – 0.75
	h

	Depth of water, m
	6
	m

	Mixing requirement
	8-13
	W/m3

	Type of mixer
	Submersible
	


3.2.6.3 Blower Station 

The Blower Station shall be designed and constructed and equipped for Phase I. However the civil structures shall be constructed for Phase II.
The Blower Station shall be built adjacent to the AST. In case of pre-applied Denitrification at least n + 1 blowers per AST shall be provided, whereas one blower per aeration basin shall operate with frequency converter. For the process of intermittent Denitrification n + 1 blowers per AST shall be provided.

The blower house shall consider two sections for the installation of the blowers with ancillary equipment and local control panels, and the local power sub-distribution and control room. 

The blower room shall be designed in such a way that the requirements for noise control and working security will be fully meet. Therefore each blower shall be provided with a sound protection hood. Access to blowers and components (such as valves and local control panels) shall be secure and unhindered. The blower room shall be provided with an overhead crane for installation and service requirements. With regard on the waste heat production of the blowers sufficient ventilation and natural lighting shall be made sure.

Low-voltage power supply and operation control of the secondary treatment facilities shall be arranged in a separate control room located at the blower house. It shall have sufficient size for installation of the required number of control cabinets for the individual electric drives, feeder and measuring / marshalling cabinets of the local sub-distribution as well as control boards for PLC and measuring instruments. The local PLC shall be interlocked with the main operation control of the plant. It shall have sufficient natural lighting and ventilation with access from the blower room and from outside.

Future installation of dosing equipment for chemical phosphorus removal shall be allowed for in the design of the blower station or other convenient location depending on the design of the Contractor.
3.2.6.4 Final Sedimentation Tank

The Final Sedimentation Tanks (FST) shall be designed and constructed for Phase I.
Table 20: Design Criteria for Final Sedimentation Tanks

	Description
	Phase I
	Phase II

	Peak flow 
	490
	l/s
	640
	l/s

	Surface load
	≤1.4
	m3/m2h
	1.4
	m3/m2h

	Number of units, Phase II
	2
	
	3
	

	Type of removal system
	Scraper bridge
	

	Indicative sludge volume index, ISV
	120

Or as per Contractor’s design
	ml/g

	Dry solids concentration, MLSS in AST
	3.5 - 4.5
	kg/m3

	Sludge volume surface loading, qSV
	≤ 500
	l/(m2 x h)

	Diluted sludge volume, VSV
	≤ 600
	ml/l

	Return sludge rate, RV
	Adjustable as per DWA A-131 
	


	Indicative Thickening time, tE (Qmax)
	2.0 

Or as per Contractor’s design
	h

	Depth of tank in 2/3R
	≥ 3.5
	m

	Diameter of tank
	≥ 20.0
	m

	Type of effluent weir
	DIN 19558 Form B
	

	Specific sludge production
	≈ 35
	kg/kg

g DS/PE/d

	Dry solids content
	0.7 – 1.0
	%



The Final Sedimentation Tanks (FST) shall be designed and constructed as parallel operated circular concrete basins with horizontal flow, which shall be provided with rotating scraper bridges with systems for bottom sludge removal and scum removal. 

The mixture of biologically treated wastewater and MLSS shall be fed into the centre distribution well of the clarifier from the distribution chamber by inverted siphon pipe. The distribution well shall be integrated in the centre machine bearing support structure. The wastewater-MLSS mixture will horizontally flow from the centre structure to the peripheral effluent spillway. Due to the reduction of the flow velocity readily settable solids and floating materials will be separated from the effluent by gravity.

Bottom sludge shall be continuously removed by a scraper blade assembly, which forms the shape of a logarithmic spiral. The scum removal system comprises skimming troughs with manually operated scum discharge flaps, one of them with integrated pump sump. Floating materials and scum will be conducted to the pump sump and from there pumped by a submersible pump through the central bearing into the scum discharge pipe. Furthermore the scraper bridges shall be provided with antifoam measures comprising a spraying mechanism with pressurized service water supply, distribution pipework with spray nozzles, which shall be assembled under the scraper bridge.

Clear water discharge shall be achieved via peripheral effluent channels with v-notched overflow weirs at both wall crests and a scum baffle at the inner circle.

The scraper blades and scum removal system are to be assembled at the rotating bridge. All submerged metal parts shall be executed in stainless steel grade W 1.4571 (BS 320 S 31). Access ladders and service platforms with lifting devices for heavy equipment, and coverings shall be provided accordingly. A separate secondary sludge pumping station shall be newly built close to the FST’s. Continuous sludge withdrawal from the sludge hoppers into the pump sump takes place by hydrostatic pressure. 

Operation control of the rotating scraper bridge shall be realized by means of a PLC unit with timer control of the operation sequences, installed in a local switchboard, which is assembled onto the bridge, with power supply via a central slip ring. 

The effluent system of the FST’s shall be hydraulically uncoupled from the downstream units.

3.2.6.5 Return & Excess Sludge Pumping Station

The Return & Excess Sludge Pumping Station shall be designed and constructed and equipped for Phase I. Construction of Civil structures shall be for Phase II.
The secondary sludge, which will be continuously removed biologically treated wastewater by sedimentation, shall be discharged to the new Return & Excess Sludge Pumping Station by gravity. Submersible pumps shall be provided for continuous Return Sludge (RS) conveyance back to the activated sludge system. Excess Sludge (ES) shall be discontinuously withdrawn into the excess sludge thickening facilities.

Table 21: Design Criteria for Return and Excess Sludge Pumping Station

	Description
	Phase I
	Phase II

	Peak flow 
	490
	l/s
	640
	l/s

	Return sludge rate, RV
	Adjustable as per DWA A-131
	

	Dry solids content
	0.7 – 1.0
	%

	Number of RS-pumps per FST
	n + 1
	pcs

	Type of RS-pumps
	N-type impeller pumps
	

	Specific sludge production
	≈ 35
	kg/kg

g DS/PExd

	Dry solids content
	0.7 – 1.0
	%

	Number of ES-pumps
	n + 1
	pcs.

	Type of ES-pumps
	N-type impeller pumps
	


The Pumping Station shall comprise a common pump sump, which shall be fed by inverted siphon pipes from the individual FST’s. Each feeder pipe shall be provided with a magnetic inductive flow measurement device (EFM) with remote control and transmission to the central operation control of the plant for process supervision. 

Return Sludge, as the major part of the separated secondary sludge, shall be continuously returned back into the activated sludge system in order to keep a constantly high concentration of microorganisms within the system. Submersible pumps with a low rotation speed shall be applied, which feed the RS back to the primary Sedimentation Tanks distribution chamber or directly into the AST, alternatively.

The RS-pumps shall be provided with frequency converters (FC) for pump capacity control. Operation control of the RS-pumps shall be initiated flow-proportional to the influent wastewater flow and processed in accordance to the requirements (operation conditions) of the AST.

Excess Sludge as the minor part of the separated secondary sludge represents the growth of biomass that depends on the operational conditions of the plant. It shall be discontinuously removed from the system and shall be feed to the sludge treatment facilities, i.e. into the primary sludge thickening facilities by submersible pumps, one per each FST. Excess sludge conveyance shall be initiated timer controlled, in accordance to the MLSS content in the AST’s, which shall be determined by day-to-day laboratory analysis. 

The pump sump shall be profiled in such a way that sedimentation of coarse matters will be prevented. Moreover sufficient flushing facilities (service water) shall be considered. The special environmental conditions require completion of all internal steel works (ladders, platforms, a.s.o.) shall be in stainless steel grade W 1.4571 (BS 320 S 31); completion of all internal pipe work shall be in stainless steel grade W 1.4571 (BS 320 S 31) or polyethylene (HDPE).

Low-voltage power supply and operation control shall be arranged in the adjacent blower house. Remote signals of all relevant data as well as of operation signals (manual/auto/failure) of all main electric drives shall be stored and transmitted into the PLC-system. The local PLC shall be interlocked with the main operation control of the plant.

3.2.6.6 Effluent Quality Measurement

The Effluent Quality Measurement Station shall be designed and constructed and equipped for Phase I. Construction of civil structures shall be for Phase II.
Monitoring of the purified wastewater quality shall be applied in accordance to the National legislative requirements and Urban Wastewater Directive 91/271/EEC at the effluent manhole, before discharging the effluent flow into the channel.

It shall be built in separate chambers or in a single chamber, with effluent flow measurement and a technical water supply system.

The effluent manhole shall comprise an influent section for connection of the effluent sewers from the FST’s with a diverting overflow wall, which separates the manhole into an influent & effluent section. A complete overflow into the tail-water-shaft of the manhole shall be applied at the discharge point of the treated wastewater from the manhole to the receiving water by gravity. 

For laboratory analysis & monitoring of the purified sewerage effluent an automatic sampling station in a closed cubicle for installation of 12 sample bottles with automatic probe pump, probe distribution in order to complete composite samples, incl. sufficient frost protection and ventilation, shall be installed on a service platform close to the effluent manhole. 

3.2.6.7 Effluent Discharge Flow measurement Chamber

The Contractor shall design and construct discharge chamber where the technical water supply system will be installed before the effluent flow measurement system.

3.2.7 Sludge Treatment

The sludge thickening facilities shall be sized in the preliminary design for Phase II, comprising but not limited to the following process units:

· Sludge house

· Gravity Thickener PS (Primary Sludge);

· Mechanical Thickener (Excess Sludge) with excess sludge storage/ homogenization tank;

· Thickened Primary and Excess Sludge Pumping Stations;

· Blending Tank for Thickened Primary and Excess Sludges;

· Blended Sludge pumping Station
· Sludge dewatering units

· Power supply and connection to main control centre;

· Related infrastructure connections;

· Interconnecting pipework & cabling

Eventually the plant shall also have sludge digestion, gas handling, CHP units and appurtenances but the detailed design and construction of the components belong to Part 3 and or not included in the scope of works of the Contract under Part 2. Nevertheless these elements shall have been covered by the Contractor at the level of preliminary design.

3.2.7.1 Primary Sludge Thickening

A gravity Thickener shall be applied for thickening of primary sludge, produced in primary settling tanks. The tanks shall be constructed for the Phase II.
Raw primary sludge (PS) shall be fed into a centre feed well of the gravity thickener by PS pumping station from the individual sludge hoppers of the PST’s.

Thickened sludge shall be discharged by pumping station for thickened primary sludge. The pumping station shall be comprised of individual groups of manually adjustable eccentric (positive displacement) pumps. Each group shall serve one digester (not part of this contract) or a dewatering unit, whereas each duty pump (or group of duty pumps) shall be provided with at least one standby unit. 

Table 22: Design Criteria for Primary Sludge Thickening
	Parameter
	Value
	Unit

	Number of units
	2 (for Phase II)
	

	Type 
	Gravity Thickener

	Type of removal system
	Picket Fence Rake

	Specific primary sludge production 
	≤ 40

	kg/kg

g DS/PExd

	Dry solids content of PS
	3-4
	%

	Final dry solids content of thickened PS
	approx. 5.0
	%

	Retention time
	1.5
	d

	Dry solids load, qDS
	≤ 50
	kg/m2 x d

	Surface load, qA
	≤ 1.5
	m/h

	Depth of tank
	≥ 4.0
	m

	Number of thickened sludge pumps
	n+1
	

	Type of pumps
	positive displacement
	


The thickeners shall be designed and constructed as circular concrete basin and shall be provided with a picket fence stirrer and scraper mechanism for bottom sludge removal into a central sludge hopper and scum removal system. 

Primary sludge shall be directly fed into the centre distribution cylinder, which is assembled below the concrete installation bridge spanning the circular tank. The stirring arrangement shall comprise two wings which are attached with raking rods, covering the whole tank depth up to the sludge level and which are assembled to a rotating centre tube. Due to continuous, slow motioning rotation of the stirrer vertical drainage channels will be opened in the sludge volume, which facilitates the separation of sludge water from the dry solids. Sludge water is drained up to the fluid level and will be withdrawn into the peripheral effluent channel with v-notched overflow and scum baffle. A bottom scraper blade assembly and sludge hopper scraper, which are assembled to a rotating centre tube, shall continuously remove thickened sludge into the centre sludge hopper. The thickened sludge will then settle on the tank bottom. 

All submerged metal parts shall be executed in stainless steel grade W 1.4571 (BS 320 S 31). Inspection manholes, access ladders and service platforms with lifting devices for heavy equipment, and coverings shall be provided accordingly.

The suction pipe from the PS-feeding pumps of the sludge digestion plant shall complete thickened sludge withdrawal from the centre sludge hopper of the primary thickener. The supernatant shall be conveyed by gravity into the supernatant pumping station of the WWTP.

Thickened primary sludge shall be delivered by positive displacement pumps into a blending tank, where blending and homogenization with thickened excess sludge takes place.

The primary thickening facilities shall be provided with a local power sub-distribution and local process control system which shall be located at the adjacent operation building and which shall be interlocked with the new WWTP process control (main control centre).

Operation control shall be realized by means of a PLC unit with timer control of the operation sequences, installed in a local switchboard, which is assembled onto the installation bridge. 

3.2.7.2 Excess sludge Thickening

Excess Sludge (ES) will be discontinuously discharged from the return & excess sludge pumping station into a homogenization and storage tank at the sludge thickening facilities. The facilities shall be constructed for Phase I. The excess sludge storage tank shall be used for synchronisation of the excess sludge discharge cycles of the activated sludge system and the operation time of the mechanical thickening facilities. 

Table 23: Design Criteria for Excess Sludge Thickening
	Parameter
	Value
	Unit

	Type
	Mechanical (gravity-Belt) thickener
	Mechanical (gravity-Belt) thickener

	Number of storage tanks
	2
	

	Specific excess sludge production 
	≈ 35
	g DS/PExd

	Dry solids content of ES
	0.7 - 1
	%

	Discharge cycles (ES from AST)
	7
	d/w

	Volume of storage tanks
	2 day storage
	

	Agitator in homogenization tank
	submersible
	

	Number of mechanical thickeners
	1+1
	

	Effective belt width
	1 - 3
	m

	Hydraulic loading rate
	7 - 47
	l/s

	Outlet solids concentration
	5 - 7
	%

	Solids loading rate
	200-600
	kg/m/h

	Polymer requirement
	3 - 7
	kg/mgDS

	Polymer preparation and dosing system
	n+1
	complete

	Agitator in homogenization tank
	submersible
	

	Volume of storage tank
	2 day storage
	

	Dry solids content of thickened ES
	≥ 5.0
	%

	Type of pumps
	positive displacement
	


The ES storage tank shall be provided with agitator for intermittent operation as well as height adjustable supernatant discharge device. 

Surplus sludge shall be fed into the tanks by pressure pipes from the ES-pumping station. The sludge volume shall be mixed and homogenized discontinuously in intervals in order to prevent compaction of sludge on the tank bottom. The Sludge shall be conditioned with polymer and fed into a feed/distribution box, where the sludge is distributed evenly across the width of the moving belt.

The Mechanical sludge thickening facility shall comprise sludge thickening machine with sludge feeding pumps, equipment for automatic preparation and dosing of polyelectrolyte with dosing pumps and in-line mixers, and local switchboards. Each dewatering machine shall be provided n + 1 feed pumps from the positive displacement type and its own dosing station. 

Excess sludge shall be fed to the mechanical thickening machines by individual suction and pressure pipework. Each suction pipe shall be equipped with an inductive flow measurement device (EFM) for continuous sludge flow measurement with registration, remote transmission, and operation control of the sludge thickening process. 

Eccentric (positive displacement) dosing pumps with (FC) shall be provided for dosing of organic polymer for sludge conditioning. Polyelectrolyte dosing control shall be flow proportional against a preset standard ratio, which depends on the particular sludge characteristics and which shall be determined during trial operation.

Filtrate shall be piped by gravity into the supernatant pumping station of the WWTP.

The sludge thickening facilities shall be located in an operation building that shall be comprised of two sections for the installation of the machinery with ancillary equipment and local control panels, and the local power sub-distribution and control room. The operation room shall be designed in such a way that all requirements for noise/odour control and working security are fulfilled. Access to the machines, pumps and components (such as valves and local control panels) shall be secure and unhindered. The operation room shall be provided with a crane hoist for installation and service requirements. With regard on the humid environment in the operation room sufficient heating, ventilation and natural lighting shall be provided.

Low-voltage power supply and operation control of the mechanical dewatering facilities shall be arranged in a separate control room. It shall have sufficient size for installation of the required number of control cabinets for the individual electric drives, feeder and measuring cabinets of the local sub-distribution as well as control boards for PLC and measuring instruments. The local PLC shall be interlocked with the main operation control of the plant. It shall have sufficient natural lighting and ventilation with access from outside, only.

Thickened sludge shall be collected and transferred into blending tank capacity with storage capacity for minimum of 2 days peak production, providing homogenized inflow of primary and excess sludge for anaerobic digesters. Blending tank shall be equipped with an emergency overflow, connected by gravity line to the internal sewerage pumping station. 
As long as that the digesters are not constructed, the thickened sludge from the blending tank shall be transferred directly to the dewatering units.

Blended and homogenized thickened sludge shall be fed into the anaerobic digesting plant by eccentric (positive displacement) pumps, which shall be arranged as separate pumping station.

Each digester shall be served with its own pumping station/group with at least n + 1 pumps.

The pumping station shall be comprised of manually adjustable eccentric (positive displacement) pumps. 

The pressure pipes are to be connected to the individual heat exchangers of the digesters via inline mixers and shall be provided with inductive flow measurement devices (EFM) for continuous sludge flow measurement as well as pH-value and temperature measurement with registration, remote transmission, and operation control of the digestion process.

All piping shall be executed in stainless steel grade W 1.4571 (BS 320 S 31) or HDPE/Polypropylene pipes. Inspection manholes, access ladders and service platforms with lifting devices for heavy equipment, and coverings shall be provided accordingly.

The pumping station shall be located in the service building of the sludge digestion plant. Low-voltage power supply and operation control of the raw sludge pumping station shall be interconnected with the central power supply and operation control of the sludge digestion plant. 

Power supply and operation control (PLC control with timer control) of the operation sequences shall be provided. 

3.2.7.3 Mechanical Sludge Dewatering

Mechanical Sludge Dewatering Facilities shall be designed for dewatering of digested sludge for the Phase II design capacity, while for Phase I it shall be used to dewater non-digested thickened sludge.
The sludge dewatering facilities shall be designed for 5 days per week operation in two shifts.  

The building shall be designed and constructed for the final Phase II, while the equipment shall be installed for Phase I only. This facility comprises all necessary structures and installations for the sludge dewatering and return of the drained water to the distribution chamber of Primary Sedimentation Tanks.

It shall comprise but not limited to the following process units:

· Mechanical Sludge Dewatering;

· Sludge Storage Area;

· Leachate Pumping Station;

· Power supply and connection to main control centre;

· Related infrastructure connections;

· Interconnecting pipework & cabling

The sludge dewatering plant shall be provided with the local power supply and operation control which shall be interlocked with the new WWTP process control (main control centre).

Sludge shall be fed from the secondary thickeners according to the operation cycles of the sludge dewatering facilities. 

Table 24: Preliminary Design Criteria for Mechanical Sludge Dewatering
	Parameter
	Value
	Unit

	Type
	Belt press or decanter
	

	Specific digested sludge production
	≈ 50
	g DS/PExd

	Dry solids content of thickened DS
	approx. 5.0
	%

	Number of units
	n + 1
	

	Operation time, weekly
	5
	d/w

	Operation time, daily
	≤ 2 x 8
	h/d

	Final dry solids content of thickened DS
	22-28
	%

	Power requirement (without pumps)
	≤ 250
	W/m3

	Number of feed-pumps
	n + 1 per unit
	

	Type of pumps
	positive displacement
	

	Flocculation agent
	Organic polymer
	

	Dosing solution
	0.1
	%

	Specific quantity of flocculation agent
	3 - 7
	g/kg DS

	Number of polymer preparation and dosing units
	n+1
	

	Number of containers
	n + 2
	

	Size of container
	3/5
	m3


The Mechanical Sludge Dewatering Facilities shall comprise sludge dewatering machines with sludge feeding pumps, the dosing stations for polyelectrolyte with dosing pumps and in-line mixers, and local switchboards. Each dewatering machine shall be provided n + 1 feed pumps from the positive displacement type and its own dosing station. 

Digested and thickened sludge shall be fed from the secondary thickener/s to the mechanical dewatering machines by individual suction and pressure pipework. Each suction pipe shall be equipped with an inductive flow measurement device (EFM) for continuous sludge flow measurement with registration, remote transmission, and operation control of the sludge thickening process. 

The feeding pumps shall be equipped with frequency converters (FC) in order to adjust the flow rates to the operational requirements. Mechanical sludge dewatering takes place under addition of organic flocculent; therefore eccentric (positive displacement) dosing pumps with (FC) shall be provided. Polyelectrolyte dosing control shall be flow proportional against a preset standard ratio, which depends on the particular sludge characteristics and which shall be determined during trial operation.

Dewatered sludge cake shall be withdrawn from the machine discharge device into containers for sludge cake disposal. 

Filtrate shall be piped by gravity into the supernatant pumping station of the WWTP.

All piping shall be executed in stainless steel grade W 1.4571 (BS 320 S 31) or HDPE/Polypropylene pipes. Inspection manholes, access ladders and service platforms with lifting devices for heavy equipment, and coverings shall be provided accordingly.

The sludge dewatering facilities shall be located in an operation building that shall be comprised of two sections for the installation of the machinery with ancillary equipment and local control panels, and the local power sub-distribution and control room. The operation room shall be designed in such a way that all requirements for noise/odour control and working security are fulfilled. Access to the machines, pumps and components (such as valves and local control panels) shall be secure and unhindered. The operation room shall be provided with a crane hoist for installation and service requirements. With regard on the humid environment in the operation room sufficient heating, ventilation and natural lighting shall be provided.

Low-voltage power supply and operation control of the mechanical dewatering facilities shall be arranged in a separate control room. It shall have sufficient size for installation of the required number of control cabinets for the individual electric drives, feeder and measuring cabinets of the local sub-distribution as well as control boards for PLC and measuring instruments. The local PLC shall be interlocked with the main operation control of the plant. It shall have sufficient natural lighting and ventilation with access from outside, only.

3.2.7.4 Optional Facilities

The Contractor may be required to design and construct additional processes and facilities over and above the processes indicated above which are within the scope of the Tender. However the Contracting Authority reserves the right to instruct the Contractor to include one or more of these additional optional facilities within the Contract, instead of leaving them for the final Phase II. The Tenderer shall therefore provide a price for the facility or process as described hereafter.
3.2.7.4.1 Facility for Sludge Stabilisation with Lime Addition (Optional)

As a temporary measure in the case that construction of the sludge digestion facility is delayed, a lime addition facility may be necessary. The Contractor shall design and construct this facility to include all delivery, storage, transport, dosing, mixing, discharge equipment as well as any necessary extension to the sludge or any other building to be built for other processes. The facility shall be designed for Phase I.
3.2.7.4.2 Sludge Storage Building (Optional)
Emergency covered sludge storage sufficient for 30 days shall be provided for dewatered sludge. The structure shall consist of three sections each with a concrete floor with 2 m high blockwork walls on three sides and open on the third side for access by a front loader. The structure shall be covered to protect the dewatered sludge from rain and shall have a clearance of 4 m.

3.2.7.4.3 Sludge Transporter (Optional)

One tractor with two tipping trailers for transport of sludge fully registered for using public roads shall be provided. Each trailer shall have a minimum capacity of 6 cubic metres of sludge and equipped with a system for covering the trailer during transportation. The tractor shall be of sufficient power to pull the fully loaded trailers and shall be capable of operating on rough ground as well as on forest tracks. A front loader attachment shall also be provided.
3.2.7.5 Further Sludge Treatment Units (under Part 3)
General Observation: The following sludge treatment elements are not part of the scope of the EUD Contract, neither for detailed design nor for construction. The description is provided for information only. The Contractor shall only cover these aspects at the level of preliminary design. The design and construction of the works shall be carried out under Part 3, through a complementary funded Project 

3.2.7.5.1 Sludge Digestion (part 3)
The digesters for anaerobic sludge stabilisation shall be sized for Phase II, comprising but not limited to the following process units:

· Anaerobic Digester;

· Secondary Sludge Thickener;

· Power supply and connection to main control centre;

· Related infrastructure connections;

· Interconnecting pipework & cabling

· Gasholder, gas treatment system, flare 

· CHP unit

The sludge digestion plant shall include the digesters with pipe cellar, and machinery house which shall be provided with the central power supply and operation control, and which shall be interlocked with the new WWTP process control (main control centre).

Thickened raw sludge shall be fed from the raw sludge pumping station directly into the digested sludge recirculation system of the digesters.

Anaerobic sludge stabilisation shall be designed and operated in accordance to the process of “intensified, alkaline, mesophilic anaerobic sludge digestion”, for continuous heating of the raw and recirculation sludge, and digester mixing by gas injection. Alternatively vertically installed, slow motion submersible mixers corresponding to an egg-shaped design of the digester tank can be applied.

The biogas produced in digestion shall be stored in a gasholder.  A biogas holder shall ensure daily balance of produced biogas. The covers for gas holders shall be designed to ensure that the cover is rightly balanced during the lift position and is not tilted unduly under the conditions of wind load. 

Before storage the biogas shall condensate in a condensation separation pit of sufficient capacity, but at least 90% water removal. The collector gas pipe towards the gasholder tanks shall be equipped with a gas flow meter. A gas flare has to be designed with sufficient capacity to consume the total flow of produced biogas. The sludge shall be mixed in the digesters by gas pipes, for this a compressor shall be installed to recirculate the biogas from the gas holder to the sludge digestion.

Gas safety equipment such as pressure relief valve, check valve, drip/sediment trap and flare shall be provided. 

The biogas produced is compressed before being transformed into energy. Minimal gas treatment is required to operate our CHP units that are specifically designed and built for corrosive gas types.

 A biogas engine (CHP unit) is foreseen to generate electricity from the biogas. The capacity of the engine shall be sufficiently designed to use all the produced biogas. All equipment and provisions should be installed to use the heat from the engine to heat the sludge for digestion and connection to central heating for buildings. The gas engine shall be fully fitted and equipped to also run on natural gas. The gas engine should automatically switch to natural gas when the gasholder indicator level commands to do so and vice versa. The gas engine will, be designed as a fully synchronisable unit with the other gas engine generator set. Two synchronisable gas engine generator sets should be designed (1 duty and 1 stand-by).  A connection to the national gas system including pressure regulator shall be provided and put into operation. 

A building between the digesters shall be of sufficient size to house the gas engine cooling water heat exchangers, chemical dosing apparatus for ferric chloride dosing to the digesters, pumps, gas recycling equipment etc. etc.

The energy for heating shall be taken from the gas engine with a hot water circuit. To start up the sludge digestion extra heating (boiler) with natural gas shall be foreseen. The mixing of the sludge in the tank shall be done with gas pipes with recycled biogas.

Table 25: Preliminary Design Criteria for Sludge Digestion
	Parameter
	Value
	Unit

	Specific primary sludge production
	≤ 40
	g DS/PExd

	Dry solids content of thickened PS
	approx. 5
	%

	Specific excess sludge production
	≈ 35
	g DS/PExd

	Dry solids content of thickened ES
	≥ 5
	%

	Number of digesters
	n
	

	Retention time, tR
	20
	d

	Dry solids load
	≤ 2.5 – 3.0
	kg oDS/m3/d

	Digester sludge temperature
	35 - 37
	°C

	Digester mixing, specific energy input
	≥ 1.5
	W/m3

	Efficiency of digestion
	50 % reduction of organic DS
	

	Raw sludge temperature, approx.
	8 - 15
	°C

	Air temperature, approx.
	-20 … +40
	

	Heat loss/dissipation of digester
	≤ 1.2
	°C

	Heat demand/requirement
	≤ 50
	W/m2xK

	Number of heat exchangers
	1 per digester
	W/m3

	Recirculation volume
	4-5 fold of raw sludge rate and min. 3 times of digester volume/day
	

	Number of recirculation pumps
	(n+1) per digester
	

	Type of RC-pumps
	Centrifugal, dry installed, N-type impeller pumps
	

	Gas production
	400 ≥ q ≤ 450
	l/kg oDS

	Specific power content
	≤ 6.5
	kWh/m3N


At least two parallel-operated digesters, c/w. heating and recirculation system, digester mixing system and equipment for sludge and digester gas withdrawal, shall be designed. 

Each digester shall be provided with independent installations, i.e. it shall have one separate heat exchanger per digester, n + 1 recirculation pumps, separate feeding, recirculation and discharge pipework. (Nevertheless the pipework shall be connected in such a way that crosswise operation is possible (ground- and head-pipe)).

The digester feeding system shall include one in-line mixer for homogenous mixing of the thickened raw sludge from the raw sludge pumping station, one heat exchanger and feeding pipes up to the digester’s head, per each digester. The recirculation system shall be comprised of the digested sludge suction pipework, which enables withdrawal of digested sludge form at least three different zones, and recirculation pumps with pressure pipes to the heat exchanger. The RC suction and pressure pipes shall be provided with inductive flow measurement devices (EFM) and temperature measurement, furthermore one pH-value measurement device shall be equipped, per each digester. All instruments shall be with registration, remote transmission for operation control of the digestion process.

Internal piping of the digester shall comprise suction and pressure pipework for connection of the recirculation and feeding system as well as the interior standpipe and sludge discharge pipe, and the exterior sludge and scum downpipe. The digesters shall be equipped with sufficient scum discharge device. Supernatant shall be fully mixed with the sludge and shall not be withdrawn.

The digester mixing system shall be provided in accordance to the design of the digester (flat bottom or egg-shaped). It shall be designed in such a way that sedimentation of sludge can be, fully and permanently avoided. Mixing by external pumps will not be accepted.

Each digester shall be provided with hot water “counterflow tube in tube type” heat exchangers that shall be supplied with heat water from a central hot water boiler plant or, preferably from the boiler plant or CHP units. 

The boiler plant shall be provided as primary heat producer and shall be dimensioned in accordance to the total heat requirement of the WWTP (administration and operation buildings) and sludge treatment facilities under consideration of the local climatic conditions and regulations. The CHP units and the boiler plant shall supply one common distributor to which all consumers shall be connected. Operation of the heating system shall be temperature and pressure controlled.

Materials and equipment shall comply with the overall design requirements of this Tender Documents; all automated valves shall be provided with pneumatic drives or Ex-proof actuators, only!

All piping shall be in stainless steel grade W 1.4571 (BS 320 S 31) or HDPE/Polypropylene pipes. Inspection manholes, access ladders and service platforms with lifting devices for heavy equipment, and coverings shall be provided accordingly.

The sludge digestion plant shall include the digester/s with pipe cellar, and service building which shall be provided with the central power supply and operation control of the sludge digestion plant and which shall be interlocked with the new WWTP process control (main control centre).

All operation rooms shall be designed in such a way that all the requirements for noise/odour control and working security will be fulfilled. Access to the machines, pumps and components (such as valves and local control panels) shall be secure and unhindered. The operation rooms shall be provided with lifting devices for installation and service requirements, where required. With regard on the humid environment in the operation room sufficient heating, ventilation and natural lighting shall be provided.

Low-voltage power supply and operation control of the digestion plant shall be arranged in a separate control room. It shall have sufficient size for installation of the required number of control cabinets for the individual electric drives, feeder and measuring cabinets of the local sub-distribution as well as control boards for PLC and measuring instruments. The local PLC shall be interlocked with the main operation control of the plant. It shall have sufficient natural lighting and ventilation with access from outside, only.

All measurements necessary for efficient operation of the sludge digestion shall be installed. This includes adjustable temperature measurement and sufficient mixing with recycled biogas. Heating during start up shall take place with a separate boiler on natural gas with a warm water circuit. When extra heating is necessary after start up biogas shall be used for the boiler.  

3.2.7.5.2 Secondary Sludge Thickener (Part 3)
The new Secondary Thickeners for thickening of digested sludge shall be designed by the Bidder. Equipment supply as well as construction and installation services shall be quoted optionally.

Digested sludge (DS) shall be fed form the digesters by displacement, directly into the thickeners.

Table 26: Preliminary Design Criteria for Digested Sludge Thickening
	Parameter
	Value
	Unit

	Type
	Gravity thickener
	

	Specific digested sludge production
	≤ 50
	g DS/PExd

	Dry solids content of DS
	3 - 5
	%

	Number of tanks
	n
	

	Final dry solids content of thickened DS
	approx. 5.0
	%

	Type of tank
	DIN 19552-3 or equal
	

	Type of removal system
	Picket Fence Rake
	

	Retention time, tR
	3-5
	d

	Dry solids load, qDS
	≤ 50
	kg/m2 x d

	Surface load, qA
	≤ 1.5
	m/h

	Depth of tank
	≥ 4.4
	m

	Type of effluent weir
	DIN 19558 Form B
	


At least one Secondary Thickener shall be designed and constructed as circular concrete basin in accordance to the design requirements as specified before.

Evidence of the storage capacity of the secondary thickeners shall be made under consideration of the operation cycles of digested sludge withdrawal from the digesters, including synchronization with digester feeding cycles, and the working time of the sludge dewatering facilities. The storage capacity should be sufficient to outlast at least the weekend plus one day! 

The thickener effluent pipework shall be equipped with additional connections for wet-sludge disposal via silo-trailers for agricultural reuse.

3.2.8 Plant Control Requirements

3.2.8.1 Electrical System

Part 1 of the Leskovac WWTP foresees the construction of a MV electrical connection (two lines) and a transformer station with sufficient capacity for the entire WWTP. It is expected that the construction of the transformer station will be constructed before the commencement date. The boundary limits for the EUD Contract will be the low voltage connection to the transformer station. From the transformer station, the low voltage (LV) connection shall feed the main LV distribution centre, which will house the power block facility, the main LV distribution panels and the standby generator. The main LV distribution panels will supply a limited number of local distribution centres to be decided by the Contractor’s design. The local distribution centres will house local distribution panels which will energize consumer units (pumps, blowers, buildings etc). In all distribution centres sufficient spare capacity (minimum 30% additional) shall be provided to allow extension of the system.
It will be desirable to provide for an emergency generator to assure operational continuity in the case of power failure. In principle the water treatment line should be kept in operation while the sludge treatment line may be put in stand-by mode. The standby generator shall have sufficient capacity to maintain the inlet pumping station in full operation even during a storm event and to provide biological treatment for average daily dry weather flow.
The emergency generator is considered as an optional item in this Contract. Space is however foreseen in the main LV distribution centre.

Further details and requirements can be found in Volume 3 Section 5.

3.2.8.2 Instrumentation

For controlling the operation of the plant it is necessary to monitor the various processes and buildings. Instrumentation will therefore be required for different functions and at different locations to measure the progress. These measurements will also be used to provide protective actions, to ensure that the processes are functioning as designed and where control functions are planned to automatically adjust the parameters which determine the operation of the different items of plant and machinery. The specifications for instrumentation are provided in Volume 3, Section 5.
As part of the preliminary design to be submitted for obtaining a Location Permit, the Contractor will need to prepare a full list of the instrumentation to be provided for the whole plant. In the following table, the minimum requirements for instrumentation for the WWTP are provided.
The Table 27 as well as Table 28 from Chapter 3.2.8.3 listed main (process required) Instrumentation, in majority of cases on analogue character. Not Table 27 nor Table 28, nor Process Flow Diagrams given on the Drawings….. Instrumentation aimed for different purposes (operational or protective, called  “Secondary Instrumentation – see Volume 3, Section 5, Chapter 3.5.8 Instrumentation, Subchapter 3.5.8.1: General for more detailed explanations ” is not listed in the given Tables. 
For the instrumentation listed in Tables 27 and 28 Process Connection Requirements are described in Volume 3, Section 4, while Electrical Requirements are given in Volume 3, Section 5.
Table 27: Water Line Instrumentation List

	Functional description
	Service Description and Control Usage (Indication, Control, Registration, Alarm)
	Location

	Level measurement inlet channel
	Level indicator transmitter (I,C,A)
	Inlet channel 

	Level measurement downstream of coarse screen
	Level indicator transmitter (I,A)
	Coarse screen 

	Level measurement in pumping station sump
	Level indicator transmitter (I,C,A)
	Influent pumping station 

	Level switch in pumping station sump
	Level switch  (I,A)
	Influent pumping station 

	Level measurement in inlet/distribution chamber
	Level indicator transmitter (I,A)
	Inlet/distribution chamber

	Level upstream screen
	Level indicator transmitter (I,C,A)
	Fine screen 

	Level downstream screen
	Level indicator transmitter (I,C,A)
	Fine screen 

	Level measurement in stormwater retention tank
	Level indicator transmitter (I,A)
	Stormwater retention tank

	Flow measurement
	Flow indicator transmitter (I,R)
	Stormwater retention tank outlet

	Temperature measurement
	Temperature indicator transmitter (I,R)
	Inlet

	pH measurement
	pH transmitter (I,R)
	Inlet

	In operation sampler
	Autosampler (I)
	Inlet 

	Flow measurement
	Flow indicator transmitter (I,R)
	Connection Grit Chamber - PST

	Pressure indication, Blowers 
	Pressure indicator (I,A)
	Grit Chamber Blowers

	Sludge level primary sedimentation tank 
	Level transmitter (I,C,R)
	Primary Sedimentation Tank 

	Primary sludge sump
	Level indicator transmitter (I,C)
	primary sludge Pumping Station

	Primary sludge sump
	Level switch  (I,A)
	primary sludge Pumping Station

	Flow measurement sludge pumps
	Flow indicator transmitter (I,R,A)
	primary sludge Pumping Station

	O2 measurement
	O2 transmitter (I,C,R,A)
	Nitrification/denitrification tank

	NH4 measurement
	NH4 transmitter (I,R,A)
	Nitrification/denitrification tank

	ORP measurement – Phase II
	ORP transmitter (I,R)
	Bio-P removal tank

	NO3 measurement – Phase II 
	NO3 transmitter (I,R)
	Anoxic tank

	RAS pumping sump
	Level indicator transmitter (I,C,A)
	RAS pumping station sump

	RAS pumping sump
	Level switch  (I,A)
	RAS pumping station sump

	Excess Sludge pumping station sump
	Level indicator transmitter (I,C,A)
	Excess Sludge pumping station sump

	Excess Sludge pumping station sump
	Level switch  (I,A)
	Excess Sludge pumping station sump

	Sludge level Final Sedimentation Tank 
	Level transmitter (I,C,R)
	Final Sedimentation Tank 

	Water sampler
	Autosampler (I)
	Effluent flow measurement

	Flow measurement
	Flow indicator transmitter (I,R)
	Effluent flow measurement

	Air pressure
	Pressure indicator (I,A)
	Aeration blowers 

	Air Flow measurement
	Flow transmitter
	Aeration blowers 

	Scum sump level
	Level indicator (I,A)
	Scum removal pit 

	FeCl3 dosing station Phase II
	Pressure indicator (I,A)
	FeCl3 dosing station

	Storage tank FeCl3 Phase II
	Level measurement (I,A)
	FeCl3 dosing station

	Storage tank FeCl3 Phase II
	Level switch  (I,A)
	FeCl3 dosing station

	FeCl3 dosing station Phase II
	Leak detection (I,A)
	FeCl3 dosing station


3.2.8.3 Sludge line Instrumentation

Although some of the sludge line and the relevant instrumentation is not part of this contract, the Contractor must provide sufficient capacity within the SCADA system to accommodate all instrumentation form the sludge process and still have spare capacity for further extension of the SCADA system. An indicative sludge line instrumentation list for the whole sludge line has been prepared and presented below to assist the Contractor in the design of the system. 
Table 28
Sludge Line Instrumentation List

	Functional description
	Service Description and Control Usage (Indication, Control, Registration, Alarm)
	Location

	Level measurement Primary Sludge 
	Level indicator transmitter (I,C)
	Primary Sludge Primary Thickener

	Level measurement Blending Tank
	Level indicator transmitter (I,A)
	Blending Tank

	Level measurement Belt Thickener
	Level indicator transmitter (I,A)
	Belt Thickener

	Level measurement Thickened Excess sludge 
	Level indicator transmitter (I,A)
	Thickened Excess sludge storage tank

	Level measurement Secondary Thickener
	Level indicator transmitter (I,A)
	Secondary Thickener

	Level measurement in Anaerobic Digester
	Level indicator transmitter (I,A)
	Anaerobic Digester

	Flow measurement
	Flow indicator transmitter (I,R)
	Thickened sludge

	Flow measurement
	Flow indicator transmitter (I,R)
	Sludge Recycling Flow

	Flow measurement
	Flow indicator transmitter (I,R)
	Digested sludge Flow

	Temperature measurement in Anaerobic Digester
	Temperature indicator transmitter (I,C,R)
	Anaerobic Digester

	Temperature measurement digester sludge recycle 
	Temperature indicator transmitter (I,A)
	Digester sludge recirculation

	Temperature measurement digester feeding line
	Temperature indicator transmitter (I,A)
	Digester feeding pipeline

	pH measurement
	Sensor/Transmitter (I,R)
	Digester sludge feeding pipeline

	Temperature measurement 
	Temperature indicator transmitter (I,R)
	Sludge Heating system

	Pressure indication
	Pressure indicator (I,R,A)
	Digester gas

	Pressure indication
	Pressure indicator(I,A)
	Biogas collection pipe

	Pressure indication
	Pressure indicator (I,R,A)
	Biogas Holder

	Pressure indication
	Pressure indicator (I,R,A)
	Booster compressor station

	Pressure indication
	Pressure indicator (I,R)
	Biogas feeding pipe to flare

	CO2 content
	Sensor/Transmitter (I,R)
	Biogas collection pipe

	Condensate level indication
	Level indicator transmitter (I)
	Condensate trap

	Biogas holder position control
	Position control (I,C,R)
	Biogas Holder

	Flow measurement
	Flow indicator transmitter (I,R)
	Biogas collection pipeline

	Flow measurement
	Flow indicator transmitter (I,R)
	Inlet Biogas Holder

	Flow measurement
	Flow indicator transmitter (I,R)
	Inlet Boiler Plant

	Flow measurement
	Flow indicator transmitter (I,R)
	Inlet CHP

	Temperature measurement
	Temperature indicator transmitter (I,R)
	Outlet Boiler Plant

	Temperature measurement
	Temperature indicator transmitter (I,R)
	Inlet/outlet CHP

	Polyelectrolyte preparation and dosing station 
	Pressure indicator (I,A)
	Polyelectrolyte preparation and dosing 

	Polyelectrolyte preparation and dosing station 
	Level switch (I,A)
	Polyelectrolyte preparation and dosing 

	Polyelectrolyte preparation and dosing station 
	Level indicator (I,C)
	Polyelectrolyte preparation and dosing 

	Polyelectrolyte preparation and dosing station 
	Leak detection (I,A)
	Polyelectrolyte preparation and dosing 


3.2.8.4 Plant Control System

Process Control System is realized through System of the Control Computers. (Control Computer System). Control computer system for automatic monitoring and control of the plant are envisaged to impact the system performances as follows: 

· increased reliability of the plant operation,

· optimum conduct of the process,

· decreased exploitation costs of the plant,

· less time required for manual human work.

3.2.8.4.1 Control Modes  
 Control modes in Leskovac WWTP could be classified as follows:
-
by location: (a) locally and (b) remotely
-
by function: (a) manually and (b) automatically
Local-manual control is envisaged for all motor drives within the plant. It is effectuated exclusively in one of the following two modes:
· by keys and switches on the local control cubicles and switchgears ;
· by the key-board of the operational panel of the local programmable controller, if applicable.
The commands are forwarded to the process through the relay contacts for protection and interlocking or through the programmable controllers wherein protection and interlocking are realized by software. This mode of command is applied only in case of putting into operation, testing, repair and damages.

Manual control is within operator's competence. Based on the information from the process, the operator makes a decision and issues an order to execute the command. As rule, a visual control of the process under control should be provided for manual mode.

Local-automatic command is realized through the programmable controllers wherein the conditions of command, interlocking, protection, regulating loop, etc. are met by software. This mode of command is used for control of particular motor drives in the plant. This is the basic mode of command for these motor drives.

In local-automatic control, commands are generated in programmable controller, exclusively on the basis of information from the process.

Remote-manual command is not allowed, expect for some auxiliary functions (such as remote manual switching on / off the outdoor lights…)
The remote-automatic command can be foreseen as basic, for the majority of the drives and other facilities within the plant .In that case. In this mode, the drives / facilities are controlled on the basis of the planned time schedules diagrams (daily, weekly, monthly, seasonal, annual,...). Planning of time schedules diagrams is made on the basis of the expected quality and quantity of raw water, as well as on the basis of the term for expensive and cheap electric power rate. 

Automatic remote control is aimed for the regular work and with all WWTP items healthy. It provides the best coordination in controlling the plant as a technological unit. For more detailed explanation of this hierarchy please refer to the Volume 3, Section 5.
3.2.8.4.2 Monitoring Mode
Monitoring mode can be divided into two main activities:

· Measuring
· Signalling

Measuring is the most important activity within the WWTP whereby status of various equipment as well as the processes are determined through instrumentation installed on the equipments and in the process reactors. These measurements are necessary not only for the purpose of control and for signalling but these measurements are also necessary for recording the operational conditions for later diagnostic.
For the purpose of the optimal conducting of the process, increase of the plant operation reliability and reduction of the operation costs, the measuring equipment for measuring of hydraulic, technological and electrical values is foreseen. The transducers of measuring values have got standardized linear output signals 4-20 mA. All the measurements are to be presented locally on the local indication instruments or the operational panels and remotely on the computer monitors in the control room whereat they are processed and filed. A list of possible instrumentation points have been presented earlier.
All signals from Measuring Transmitters, as well as all other command / response signals from the plant should be connected to the process controllers, distributed all over the WWTP. It is envisaged to be applied distributed control system realised through hierarchy of programmable logic controllers (PLCs).  
Signalling is made independently on the level wherefrom the command is effectuated. All the signals are shown locally on the local control cubicles and switchgears and the displays of the programmable controllers and remotely on the computer monitors in the control room whereat they are processed and filed.  Signalling includes signalling of working and alarm conditions as well as other specific operation modes. 

3.2.8.4.3 Computer Hardware
Control computer system for the waste water treatment plant Leskovac is envisaged to be distributed and consisted of:

· double configuration of professional industrial personal computers and appropriate peripherals, located at the control room,

· Number (to be defined through detailed design) of modular programmable controllers (master controllers) located in particular structures of the plant, Those master controllers own their operating   panels located   at the door of switchyard  and switchgear or marshalling / PLC Panels 

· Number of integrated programmable controllers (slave controllers) located in particular structures of the plant.

Programmable controllers and personal computers are connected into standard network, which allows interchange of necessary information. 
Shared functions of programmable controllers are:
· data acquisition from the process
· data forwarding to computers
· commands forwarding from computers to the process
· automatic control of parts of equipment
· errors self-diagnosis
Basic functions of the control-computer system of CWWTP Leskovac could be summarized as follows:

· acquisition of signals and measurements from the process, their processing and forwarding to the control centre,

· processing the data gained from the process,

· forwarding of commands and settings from the control centre to the equipment,

· providing automatic control of equipment parts,

· resetting of the system operation,

· diagnosis of failures and errors within the control-information system itself.

Basic draft configuration of the control-computer system is shown on the Diagram 1: Control System Hierarchy in Volume 3, Section 5. 
Control Computers are interconnected by local Ethernet network and also connected to the master programmable controllers. Master programmable controllers are connected to operating panels equipped with keyboards and displays, enabling local supervision, process parts visualisation and manual control (as a rule, the manual control is allowed only with visual control of the operator over the process). Slave PLCs are realized as integrated programmable controllers and, having sufficient number of digital and analogue inputs and outputs, replace almost completely the relay automatics in control cubicles, and at the same time enable measurements acquisition. They do not have keyboards and displays and local-manual control is not possible from them, nor process visualisation. 
Communication between control computers and the master controller is provided by the Ethernet network. Communication between the master and slave controllers is provided by standardized local network (for example: RS422 standard). It is achieved by documentary and inspected compatibility of hardware and software.
The system is open to further hardware and software upgrading (in case of alternated operation of the plant or the plant's extension), as well as to the future connection with the superior control centre of the complete Leskovac waterworks. 
Programmable controllers should be thus designed as to receive all the required signals as well as additional 20% reserve for each particular type of signals.
All software errors which might occur during the computers (programmable controllers) operation must be removed by restarting the computer (programmable controller). Computers (programmable controllers) must have backup save of the necessary parameters of the process, thus enabling regular operation upon restarting.
Software should contain emergency procedures to be executed in case of failure of individual parts of equipment, which could result in highly unfavourable consequences to the plant. Besides, there must be a possibility to change the software and add new emergency procedures during the plant exploitation.
The computer system is based on up-to-date industrial personal computers assembled in the control room of the control building. Double configuration of personal computers is controlled by "watch-dog" timer, which, in case of the main computer failure, automatically transfers the control and supervision functions to the supporting computer.
Personal computer functions are the following:
· important data filing,
· acquired data processing,
· alarm monitoring,
· data presentation, by mimic symbols, diagrams, trends and tables,
· printing chronologically registered events and reports,
· supervisory control,
· change and development of the complete software system,
· permanent filing of the most important data.
Industrial version of computers is anticipated as non-stop 24h operation is needed. 
The computers will   have the professional application   program installed for data acquisition, supervision and control (SCADA).   Besides, MS Windows NT is to be installed, containing programs for tables and database processing. Data gained by laboratory measurements are to be entered into computers, and to be processed together with the data gained on-line.

3.2.8.4.4 System and visualization software

The system software of control-information system is based on general purpose software modules adjusted to specific requirements of waste water treatment plant. Organization of system software depends on selection of computer equipment, but generally, it should contain the following elements:
· operating system and system programs,
· programs for creation of application software,
· diagnostic programs.
Operating system and system programs should enable operation of computers and programmable controllers in the network and real time operation. Programs for creation of application software enable creation of SCADA computers and sequent algorithms of programmable controllers. Programs for creation of application software include a communication package, data processing package (trends, statistical calculations, tables, databases, etc.), data filing package, sequence algorithms creation package, etc. Diagnostic programs test all the components of computer and programmable controllers, peripheral devices and communication lines. Test results are to be presented as reports on displays, monitors and printers.

Application system is constituted of interconnected software modules which should enable dialogue between the operator and computers, and provide optimum and reliable operation of plant in normal conditions, as well as undertaking necessary actions in case of emergency. Emergency occurs upon detection of alarm conditions in the process. Alarms are internal variables generated in SCADA system, resulting from: unfavourable digital signals (errors, minimums, maximums, feeding failures, etc.), of high or low analogue values and unfavourable trends.

The following modes of communication between operator and computer are anticipated:

· indication of operating conditions and measurements on monitors and printers;

· indication of alarm conditions on monitors and printers and sound signalling at their occurrence;

· issuing commands by keyboard and mouse.

Information is presented by printer and monitor, and commands are issued by colour monitor, keyboard and mouse. Information is presented by graphical and alphanumerical symbols. The number of required presentations is determined so as to embrace all the plant elements with necessary information. New presentations could be created, if required, at on-line regime of computer operation. All data are saved on hard disk, and the data which need to be permanently preserved are saved on an optical disk and also on backup hard disks. Summary reports are printed at scheduled intervals or upon operator's request.

The following presentations should be created on the monitors:

· mimic schemes,

· trends,

· bar diagrams,

· sheets,

· text reports,

· tables,

· other presentations.

The total of 30 presentations is anticipated

Presentations are created as mask-shaped with fixed contents and with parts to be refreshed by momentary data gained from the process. Basic fields which must be shown on each presentation are the following:

· field of consumer information on the name of presentation and actual date and time,

· presentation field (graphical presentation, sheets, tables, text reports),

· consumer information field sent to the operator by the computer,

· further warnings to consumer of the presence of alarm.

Mimic Presentations. Mimic presentations include parts of the plant together with structures, pipelines and equipment in them. They consist of static background and dynamic presentation of measured and computed values, equipment conditions, alarm, etc. Digital and analogue values monitoring is achieved by setup sample times (changeable). On these presentations, at convenient spots, there are switches for control of corresponding parts of equipment. Commands which are not available to the operator at the moment must remain visible on the presentation, but coded by a colour different from the available commands. In order to decrease the possibility of entering a false command, parts of equipment can be controlled only from presentations containing those parts of equipment. Operating conditions of parts of equipment are coded by colour, and alarm conditions are coded by colour and blinking which terminates upon operator's confirmation of alarm. Besides the symbolic marks of technological consumers, these presentations also contain alphanumerical symbols for indication of local, remote, manual and automatic operation, minimum and maximum technological and hydraulic values, etc.
Trends. Trends are presentations of analogue values in graphical form as maximum, minimum or mean value in a determined time range.
Bar Diagrams. Bar diagrams are graphical presentations of measurements and statistics data from the process. 
Sheets.. Sheets are intended for providing detail information on alarms, measurements, signalizations, and commands. All the sheets share the same form. The sequence number of the signal is followed by the location and the moment of the signal occurrence.
Text Reports. Application software enables the operator (dispatcher and analyst) to create text reports upon request. 
Schedules. Schedules are intended for remote definition and changing of parameters of plant elements such as:
· measured ranges of analogue values;
· referent values of regulation loops;
· duration of particular technological processes.
Other Presentations. Other presentations include block schemes of the system and its parts such as hydraulic system, computer system, etc.
Data Presentation on Printers. For reports printing, A4 format printers are anticipated. The reports may be:
· spontaneous,
· upon request.
Spontaneous reports include automatic printing of events such as alarms, particular conditions of equipment, operator manipulations, etc. The report contains the structure and the part of equipment to which the event refers, time of its occurrence and its description.
Reports upon consumers' request include printing of graphical and text reports, sheets and shift reports.
3.2.9 Additional Design and Construction Requirements

The following design requirements are to be considered for the infrastructure.

3.2.9.1 Requirements for Buildings

3.2.9.1.1 Administration building with laboratory

The administration building shall be designed in accordance to the local & national architecture and shall be constructed with all necessary landscaping & gardening, access road and parking area for at least 10 cars. It shall be furnished with all required electrical and sanitary house installations, incl. heating, ventilation and air conditioning in all office rooms, in accordance with national regulations and state of the art standards. 

The total usable area required is 200m2 and ceiling to floor clearance shall be 3m. This, as well all other buildings (and facilities if necessary) should be completely installed with inner infrastructure: water supply, sewerage, adequate HVAC system and electrical systems, which include auxiliary power supply system (LV installation for general usage (power outlets, inner lightening, fixed consumers’ connection boxes (for boilers, air conditioners, ventilators…)), general computer network, telephone network, fire protection, intrusion protection (in accordance with requirements as given in Volume 3, Section 5), fire protection sensor network… Electrical system would have proper earthing, enabling safe voltage touch protection required for TN-C-S system. The need for lightning protection system would be checked by calculation and proper system constructed, if necessary. 
Administration Facility to consist of the following and should be fully furnished throughout: 

· General office to accommodate 5 personnel,

· Manager’s Office

· Main Control Room/ SCADA office

· Kitchen

· Reception area 

· Laboratory with equipment

· Toilets and shower

1. General Offices to include the following:

a) 5nr telephone connections

b) 5nr desks(1.4mx0.8m) and chairs

c) 5nr steel filing cabinets with 4 drawers (lockable)

d) 2nr cupboards (lockable steel)

e) Notice Board 1.5m x 0.9m

f) White Board 1.5mx0.9m

g) Fire extinguisher (powder type)

2. Manager’s Office to include the following

h) 1 desk 1.5mx0.9m and chair

i) 1 conference table 1.5m x 2.0m

j) 1 side table 1.0 x 0.8m

k) 1nr steel filing cabinet with 4 drawers (lockable)

l) 5 chairs

m) Notice Board 1.5m x 0.9m

n) White Board 1.5m x 0.9m

o) Telephone 

p) Fire extinguisher (powder type)

3. Main Control Room/ SCADA Office to include the following;

q) Workstation to support all computer equipment, displays etc with chair

r) 1 desk 1.5mx0.9m and chair

s) 1 side table 1.0 x 0.8m

t) 2nr steel filing cabinet with 4 drawers (lockable)

u) White Board 1.5m x 0.9m

v) Telephone 

w) Fire extinguisher (powder type)

4. Reception/Secretary area to include the following:

x) 1 desk 1.2m x 0.8m

y) 2 chairs

z) 1 steel filing cabinet with 4 drawers (lockable)

aa) 1 white board 1.5m x 0.8m

ab) telephone/switchboard

5. Kitchen including the following:

ac) 1 double sink, single drainer

ad) 1 cooker (4 elements with oven)

ae) 1 refrigerator 0.5 cu m, with freezer compartment

af) Suitable worktops

ag) Storage cupboards

ah) Dining table and 4 chairs

ai) 1 Fire Extinguishers (powder type)

6. Laboratory office, wet chemistry, instrumentation and microbiology laboratories in separate rooms to include the following facilities:

aj) 5 Lab stools

ak) Desk & chair

al) 2 steel filing cabinet with 4 drawers (lockable)

am) 1 refrigerator 0.5 cu m, with freezer compartment 

an) Chemically resistant work centre

ao) Exhaust hood and ventilation system

ap) Water still

aq) Gas supply

ar) Phipps Bird four-paddle stirrer (for flocculation tests)

as) Centrifuge

at) Calculator

au) Washbasin & sink

av) Telephone

aw) 2nr. Fire extinguishers (powder type)

7. Laboratory equipment is required for the monitoring of treatment plant and incoming sewage. Consumables and reagents sufficient for one year’s operation shall be provided, as described on Table 29, for the following tests:

ax) Acidity

ay) Alkalinity

az) Colour

ba) Conductivity

bb) Ammonia nitrogen

bc) Oil & grease

bd) Biological oxygen demand

be) Chemical oxygen demand

bf) Dissolved oxygen

bg) pH

bh) Nitrate/ nitrite

bi) Organic and acid Hydrolysable Phosphorus

bj) Filterable, residue, non-filterable, volatile solids (TSS, VSS, TS, TVS)

bk) Sludge volume index

8. 2nr. Toilets

9. One shower facility with cleaner’s cubicle

Table 29: General Structural Requirements and Finishes for Administration Building and Laboratory

	Building Element
	Material requirements


	Finishes

	Footings, lintels, roof beams columns
	Reinforced concrete
	Bitumen painted below ground

As walls above ground

	Flooring
	Reinforced Concrete


	Terazzo flooring throughout (except where otherwise specified).

	Walls
	Brickwork or Blockwork
	Externally rendered and painted for blockwork or architectural brick

Internally plastered and painted

Tiled for laboratory

	Insulation
	As per Serbian regulations
	

	Ceilings
	Plastered
	Painted

	Roofs
	Reinforced Concrete/ timber
	Pitch roof with roof tiles as required by architecture

	Doors/door frames
	Internal – softwood

External – Hardwood/ aluminium
	Stained/ plastic coated



	Windows frames
	Wood, Aluminium or PVC
	Stained/ plastic coated

	Glazing
	Double Glazing to BS 544
	

	Painting Works
	External quality ready mixed paints to BS 4800

Internal acrylic paint
	

	Roofing
	Insulation and weather proofing as per Serbian regulations
	

	Toilets
	European toilet with wash basin, hot and cold water, mirror and other fittings

Separate man and woman
	Floor and walls to be fully tiled

	Shower
	Hot/ cold shower mixer with temperature control
	Floor and walls to be fully tiled

	Cleaner’s cubicle
	Slop sink
	Floor and walls to be fully tiled

	Plumbing
	In accordance with Serbian Regulations
	

	Electrical installations
	In accordance with Serbian Regulations and the “Regulations for Electrical Installations”
	


Table 30 : Laboratory Equipment to be provided

	Item
	Volume
	No. Req.

	General Laboratory Basic Equipment
	
	

	Measuring pipettes glass
	1 ml
	10

	Measuring pipettes glass
	2 ml
	10

	Measuring pipettes glass
	5 ml
	10

	Measuring pipettes glass
	10 ml
	20

	Measuring pipettes glass
	20 ml
	3

	Measuring pipettes glass
	 25 ml
	3

	Measuring pipettes glass
	 50 ml
	3

	Suction flask pipettes
	 2 ml
	3

	Suction flask pipettes
	 5 ml
	3

	Suction flask pipettes
	 10 ml 
	3

	Suction flask pipettes
	 20 ml 
	3

	Suction flask pipettes
	 25 ml 
	3

	Full pipettes glass
	 1 ml
	5

	Full pipettes glass
	 2 ml
	5

	Full pipettes glass
	 5 ml
	5

	Full pipettes glass
	 10 ml
	5

	Full pipettes glass
	 20 ml
	3

	Full pipettes glass
	 25 ml
	3

	Full pipettes glass
	 50 ml
	2

	Full pipettes glass
	 100 ml
	3

	Pipettes bulb (ball)
	
	4

	Test glasses (Tubes) 16 x 160 mm - pkg. 100 piece
	
	5

	Test glasses stand for 12 tubes
	
	5

	Feeder machine, complete 
	0 - 30 ml
	4

	Feeder machine, complete 
	0 - 50 ml
	4

	Bottles NS narrow neck - clear glass
	 50 ml
	15

	Bottles NS narrow neck - clear glass
	 100 ml
	15

	Bottles NS narrow neck - clear glass
	 250 ml
	15

	Spatula 18 / 8 , 210 mm long
	 
	5

	Double Spatula 18 / 8 , 210 mm long
	
	5

	Tweezers 18 / 8 , blunt , 115 mm long
	
	2

	Magnetic mixer, with heating 220 Volt
	
	4

	Magnetic mixer stick - 30 mm long
	
	10

	Magnetic mixer stick - 50 mm long
	
	10

	Test tube mixer
	
	2

	Hot plate - 180 mm diameter
	 
	3

	Drip stand - metal (wire)
	
	3

	Glass dishes, low form
	 100 ml
	10

	Glass dishes, low form
	 400 ml
	10

	Glass dishes, low form
	1000 ml
	10

	Glass dishes, low form
	2000 ml
	6

	Erlenmeyer flask, narrow neck
	 300 ml
	20

	Erlenmeyer flask, narrow neck
	 500 ml
	20

	Erlenmeyer flask, large neck
	 300 ml
	20

	Erlenmeyer flask, large neck
	 500 ml
	20

	Brush for funnels
	
	4

	Brush for test glasses
	
	4

	Brush for Erlenmeyer flasks
	
	4

	Brush for glass dishes
	
	4

	Brush for glass dishes
	
	4

	Brush for sedimentation vessels
	
	4

	Balloon with plastic tap
	 10 l
	2

	Balloon with plastic tap
	 60 l
	3

	Narrow neck bottles PE
	 250 ml
	30

	Narrow neck bottles PE
	 500 ml
	30

	Narrow neck bottles PE
	1000 ml
	40

	Large neck bottles PE
	 250 ml
	20

	Large neck bottles PE
	 500 ml
	20

	Large neck bottles PE
	1000 ml
	50

	Measuring (graduated) cylinder, high form
	 10 ml
	10

	Measuring (graduated) cylinder, high form
	 50 ml
	10

	Measuring (graduated) cylinder
	 100 ml
	10

	Measuring (graduated) cylinder, high form
	 250 ml
	10

	Measuring (graduated) cylinder, high form
	1000 ml
	10

	Felt pen - Black
	
	6

	Felt pen - Red
	
	6

	Felt pen - Blue
	
	6

	Distillation apparatus 4 l with reserve vessels
	
	2

	Water Bath (0-100°C)
	 
	1

	Suction Pump
	
	1

	Buchner Funnel
	300 ml
	5

	Manual Sampling 
	
	

	Sampling stick 3.5 m long
	
	3

	Sampling ladle, one piece
	1000 ml
	3

	Sampling ladle, two pieces
	1000 ml
	3

	Basket, metal wire
	
	3

	Transport vessels, plastic
	2000 ml
	12

	Bucket with handle and drain
	 10 l
	10

	Measuring dish, plastic
	1000 ml
	5

	Measuring dish, plastic
	2000 ml
	5

	Water Flow Controlling
	
	

	Colouring agent (pigment) 500ml./UGG yellowish-green
	 500 ml
	1

	Colouring agent pigment 500 ml. RBR blue-red 
	 500 ml
	1

	Temperature Measurement
	
	

	Water - Ladle Thermometer
	
	1

	Substitute Thermometer
	
	2

	Plastic rope 8 m long
	
	2

	Floating Thermometer
	
	2

	Outside Thermometer
	
	2

	Max. Min. Outside Thermometer
	
	2

	Room Thermometer
	
	2

	Pocket Thermometer
	
	2

	Chem. Thermometer 0 – 100°C
	
	2

	Digital Thermometer
	
	2

	Settleable Solids
	
	

	Sedimentation vessels, PVC
	1000 ml
	12

	Sedimentation vessels, glass
	1000 ml
	6

	Intake stand, PVC
	
	3

	Stop watch 120 min.
	
	2

	Viscose cleaning swam
	
	3

	Oil – Detection
	
	

	Oil test paper 320
	
	2

	Putrescibility
	
	

	Methylene blue - Test bottles
	
	10

	Methylene blue - Solution 0.05%
	
	1

	Drip bottles with label Methylene blue
	
	1

	Indicators
	
	

	Universal - Indicator - Paper pH 1 - 12
	
	4

	Substitute package / 3 rolls pH 1 - 12
	
	2

	Special Indicator paper pH 3.5-6.8
	
	2

	Special Indicator paper pH 5. 0 - 8. 0
	
	2

	Special Indicator paper pH 7. 0 - 10. 0
	
	2

	Substitute package / 3 rolls, pH 3.5-6.8
	
	2

	Substitute package / 3 rolls pH 5. 0 - 8. 0
	
	2

	Substitute package / 3 rolls pH 7. 0 - 10. 0 
	
	2

	Test sticks "Hardness"
	
	2

	Test sticks "Ammonium"
	
	2

	Test sticks "Nitrite"
	
	2

	Test sticks "Nitrate"
	
	2

	pH Measurement
	
	

	Portable (Pocket) pH -meter, (pH 96A / Set)
	
	2

	pH – meter, (pH 196 with temperature control digital)
	
	3

	pH – Measuring Chain (E 50 - 1.5)
	
	2

	Measuring pen (TFK 150 - 1.5)
	
	2

	pH – Electrodes, pieces
	
	4

	BOD5 – Measuring Instruments
	
	

	BOD5-Instruments and equipment for Dilution Method.
	
	2

	BOD5 - Measuring instrument manometric, 6 places
	
	3

	BOD5 - Thermostat cupboard 370 l (air incubator)
	
	2

	Allyl urea (ATH)
	
	2

	Feeder – machine for ATH
	
	2

	Oxygen Measuring Instruments (DO-Measurement)
	
	

	Oxygen/Temperature Measuring Instrument (e.g. OXI* 92/Set)
	
	3

	Microprocessor-O2-Measuring Instrument (e.g. OXI* 196)
	
	3

	Oxygen – Electrode (e.g. EO 196-1.5)
	
	6

	Electrical Conductivity (EC) Measuring Instruments
	
	

	Pocket Portable EC - Measuring Instrument (e.g. LF 92/SET)
	
	2

	Sludge Sampling
	
	

	Sludge Siphon up to 12 m depth
	
	2

	Sludge – CO2 - Determination
	
	

	CO2 determination equipment (Richter)
	
	2

	Dry Solids Content
	
	

	Hygrometer, for solid and moisture content ORI* - mat
	
	2

	Aluminium Foil
	
	2

	Foil- Forming equipment 
	
	2

	Sludge – Volatile Solids
	
	

	ORI* - high speed - incinerator
	
	2

	Crucible
	 75 ml
	30

	Crucible pliers 18/8 
	
	3

	Microscopes
	
	

	Microscope Primus monocular, Stage 10 x, 40, 100 objectives
	
	1

	Cross - Table
	
	1

	Microscope binocular with phase contrast - equipment
	
	1

	Cupboard closeable
	
	2

	Covering glasses package /100 piece (Slides)
	
	2

	Covering glass tweezers (Slides)
	
	3

	Drip pipettes with rubber cap
	
	4

	Photometric Determinations
	
	

	Refrigerator 185 l lockable
	
	1

	Dispersing machine
	
	3

	NANOCOLOR* photometer 300 D
	
	3

	NANOCOLOR* thermoreactor R-2T
	
	3

	NANOCOLOR* security box
	
	3

	NANOCOLOR* test tubes Ammonia 50
	
	4

	NANOCOLOR* test tubes COD 160
	
	4

	NANOCOLOR* test tubes COD 40
	
	4

	NANOCOLOR* test tubes COD 1500
	
	4

	NANOCOLOR* test tubes Nitrate 50
	
	4

	NANOCOLOR* test tubes Nitrite 2
	
	4

	NANOCOLOR* test tubes Phosphate 50
	
	4

	NANOCOLOR* test tubes Phosphate 1
	
	4

	Digital flask pipette 1.0-5.0 ml.
	
	3

	Digital flask pipette 0.2-1.0 ml.
	
	3

	Plastic cap for 1.0-5.0 ml. Pipette
	
	3

	Plastic cap for 0.2-1.0 ml. Pipette
	
	3

	Plastic stand for 3 flask pipettes
	
	3

	Total Nitrogen
	
	

	Nitrogen - Sample preparation with Microwave
	
	1


	Instruments
	
	

	Dissolved Oxygen (DO) Meter
	
	3

	· Portable (battery), digital temperature measurements required

· Oxygen measurement range 0-19, 99 mg/l

· Accuracy ± 5% of measured value at constant temp.

· Quick calibration, free of zero current.

· Automatic temperature compensation.

· Automatic atmospheric pressure correction by integrated pressure sensor

· Temp, measurement range - 5 to + 45° C, accuracy ± 0.2°C
	
	

	Spare DD electrodes
	
	5

	· Cable length 5 m.

· Calibration and maintenance kits.
	
	

	Residual Chlorine Comparator
	
	2

	· Range 0 - 3.5 mg/l

· Subdivision 0.1

· To be used with DPD 4 tablets.
	
	

	DPD4 tablets (100 tablets in each pack.)
	pack
	3

	Water Still
	
	2

	· 220 V / 50 Hz.

· Capacity 4 l/h

· Thermostatic cut – off

· Metallic evaporation compartment and condenser.
	
	

	Analytical balance
	
	2

	· Digital, 220 V, suspended pan.

· Range 0-200g, readability 0.1 mg.

· Precision 0.05 mg.

· Built in weights.

· Pan Dia x Box H 9 x 18 cm.
	
	

	Drying Oven 
	
	2

	· 200V, 1200 Watts, max. temp. 250°C.

· Mechanical conversion.

· Sensitivity +0.25 °C

· chamber dimension W = 33 cm, L=36 cm, H=33 cm
	
	

	Filter paper
	
	20

	· GFC, 100 papers in each box.

· Diameter 9 cm.
	
	

	Electric hot plate
	
	2

	· 220 V, 600 Watts.

· Surface area 225 cm²

· Max. temp. 510 °C

· On/Off switch.
	
	

	COD reactor HACH* or equivalent
	
	2

	· 220 V, micro samples, for 16 samples.
	
	

	Reagent Vials for COD Tests to fit a.m. reactor
	
	20

	· Disposable (box with 25 vials)
	 
	 

	Forceps for crucibles (Length 50 cm)
	
	2

	Forceps for crucibles (Length 20 cm)
	
	2

	Markers for crucibles, Heat resistant
	
	5

	BOD Bottles with caps, with sealing water tip.
	 300 ml
	60

	Dessicators
	
	4

	· non - vacuum, D = 300 mm, H = 300 mm

· with porcelain plates
	
	

	Burettes + Container (500 ml)
	
	5

	Volume 25 ml, Subdivision 0.1
	
	

	Burettes + Container (500 ml)
	
	5

	Volume 10 ml, Subdivision 0.1
	
	

	Burettes + Container (500 ml)
	
	5

	· Volume V ml, Subdivision 0.05

· Automatic, Pyrex glass type zero, mark sets in

· automatically, complete with rubber bulb.
	
	

	Beakers (glass)
	1000 ml
	24

	Beakers (glass)
	 500 ml
	24

	Beakers (glass)
	 250 ml
	24

	Beakers (glass)
	 100 ml
	24

	Beakers (transparent plastic)
	1000 ml
	12

	Beakers (transparent plastic)
	 500 ml
	12

	Beakers (transparent plastic)
	 250 ml
	12

	Beakers (transparent plastic)
	 100 ml
	12

	Reagent bottles (Amber glass)
	1000 ml
	12

	Reagent bottles (Amber glass)
	 500 ml
	12

	Reagent bottles (Amber glass)
	 100 ml
	12

	Plastic bottles for washing
	 500 ml
	6

	Glass bottles for dropper
	 100 ml
	12

	Funnels (glass), D = 10 cm, stem = 10 cm.
	
	12

	Filter paper Watman 40/42, (100 filter/packet), Packets
	
	30

	Filter paper Watman, diameter 15 cm, (100 filter/packet), Packets
	
	30


3.2.9.1.2 Workshops  (single storey)

The workshop building shall be designed in accordance to the local & national architecture and shall be constructed with all necessary landscaping & gardening, access road and parking area for at least 3 cars and one heavy goods vehicle. It shall be furnished with all required electrical and sanitary house installations, incl. heating, ventilation and air conditioning in all office rooms, in accordance with national regulations and state of the art standards. The total usable area required is 120m2 and ceiling to floor clearance shall be 3.5m in the workshop area.

Facilities to be provided include the following:

· Mechanical workshop

· Electrical workshop

· Stores

· Office

· Kitchen/ dining area

· Fire protection

· Toilet and shower

· Garage for tractor

10. Office to include the following:

bl) 1nr telephone connections

bm) 2nr desks(1.4mx0.8m) and chairs

bn) 3nr steel filing cabinets with 4 drawers (lockable)

bo) 2nr cupboards (lockable steel)

bp) Notice Board 1.5m x 0.9m

bq) White Board 1.5mx0.9m

br) Fire extinguisher (powder type)

11. Kitchen including the following:

bs) 1 double sink, single drainer

bt) 1 cooker (4 elements with oven)

bu) 1 refrigerator 0.5 cu m, with freezer compartment

bv) Suitable worktops

bw) Storage cupboards

bx) Dining table and 4 chairs

by) 1 Fire Extinguishers (powder type)

12. Store including the following:

bz) Small parts store

ca) Industrial Shelving at different levels

cb) Secure door with lock

cc) 1 Fire extinguisher (powder type)

13. Workshop shall be divided into two separate areas (electrical and mechanical each with a telephone line).
14. Toilets and shower

15. The garage shall be designed for housing the tractor when it is not in use and can be a contiguous part of the workshop.

Table 31: General Structural Requirements and Finishes for Workshop

	Building Element
	Material requirements


	Finishes

	Footings, lintels, roof beams columns
	Reinforced concrete
	Bitumen painted below ground

As walls above ground

	Flooring
	Reinforced Concrete 


	Concrete floated with surface hardener flooring throughout (except where otherwise specified).

	Walls
	Brickwork or Blockwork
	Externally rendered and painted for blockwork or architectural brick 

Internally plastered and painted

	Insulation
	As per Serbian regulations
	

	Ceilings
	Plastered
	Painted

	Roofs
	Reinforced Concrete/ timber 
	Pitch roof with roof tiles as required by architecture

	Doors/door frames
	Internal – Steel

External – Steel roller shutters
	Oil based painted



	Windows frames
	Wood, Aluminium or PVC
	Stained/ plastic coated

	Glazing
	Double Glazing to BS 544 
	

	Painting Works
	External quality ready mixed paints to BS 4800 

Internal acrylic paint
	

	Roofing
	Insulation and weather proofing as per Serbian regulations
	

	Toilets
	European toilet with wash basin, hot and cold water, mirror and other fittings

Separate man and woman 
	Floor and walls to be fully tiled

	Shower
	Hot/ cold shower mixer with temperature control
	Floor and walls to be fully tiled

	Plumbing
	In accordance with Serbian Regulations
	

	Electrical installations
	In accordance with Serbian Regulations and the “Regulations for Electrical Installations” 
	


Equipment for Workshops

Mechanical Workshop shall be equipped with the following

a) 3 stools

b) 1 No. Drilling machine

c) 1 No. Bench Grinding machine

d) 1 No. Bench Press

e) 1 No. Portable Compressor Unit

f) 1 No. Electric Welding Set

g) 1 No. Trolley Jack

h) 4 No. Axle Stands

i) 2 No. Portable shear legs

j) 1 No. Steel topped workbench approx. 4m long x 1m wide and 0.9m high complete with 150mm Engineer’s vice and lockable tool drawer

k) 1 No steel work bench with working surface of wood, 50mm thick with safety back edge with drawers and shelves approx 3m long x 0.7m wide x 0.9m high 

l) 1 No electrical workstation with lockable tool drawer

m) Specialist tools 

n) Hand tools as listed on Table 31.

Drilling Machine

The drilling machine shall be floor mounted, pedestal type with morse taper adapter and chucks for a drilling capacity up to 19mm diameter with a wide range of spindle speeds up to 2900 rpm maximum.  Lower speeds shall be suitable for tapping and reaming in addition to normal operations.

The drilling spindle shall have a minimum movement of 100mm with adjustable spring return.  The design shall also facilitate movement of the head long and around the column.

3 sets of drills 1mm – 19mm and 2 sets of morse tapers 20mm – 50mm shall be supplied.

A chuck guard complete with safety cut-out switch shall be provided to stop the drive motor immediately the guard is opened.  A quick locking direct reading depth stop shall be provided.  A tilting table with positive location at zero shall be provided.  The area of the tilting shall be approximately 280 x 250mm.

Bench Grinding Machine

The bench mounted general purpose grinder shall be fitted with one coarse wheel plus wheel guard on one side and an extension spindle to carry brushes with taper thread adapter for polishers and wire brushes on the other side complete with guard

Bench Press

A general-purpose hydraulically operated bench press shall be complete with adjustable worktable.  It shall be a forged steel body with machined base and ram. If of the fly press type, the machine shall include ball weights. The machine shall be of adequate size to cater for all routine maintenance and repair purposes.

Portable Compressor Unit

The mobile compressor unit powered by electric motor shall be mounted on a two-wheeled trolley.  The air displacement shall be approximately 25 m3/hour; pressure 8.6 bar and the unit shall be complete with air receiver, filters, moisture separator, pressure gauge, 10m delivery hose with connector, etc.

Portable Welding and Cutting Equipment

The mobile set of Oxy-acetylene gas welding and cutting equipment shall be supplied complete with trolley and 3No. replacement bottles of each gas. The set shall be capable of welding mild steel up to 8mm thickness and cutting up to 50mm thickness.

The equipment shall include a 2 stage regulator non-return valve, stop valve and 5 metres length of hose for each gas together with a wide range of welding heating and cutting nozzles.  The nozzles shall be provided in a purpose made steel box complete with spark igniter and nozzle cleaners. 

The trolley shall be a two-wheeled type with solid rubber tyres suitable for lifting by hoist.

The Contractor shall include the supply of 2 No. pairs of goggles, cylinder keys, outfit spanners and regulator spanners, protective gloves and aprons and 20 No. packets each of 1.6mm and 5.0mm. 3.2mm welding rods for mild steel.

The Contractor shall also include for the supply and installation of a steel storage rack for 6No. spare bottles. 

Electric Welding Set

1 No.3 phase 150 Amp electric welding set with a supply of rods for mild steel shall be provided.

Trolley Jack

A 3 tonne capacity trolley jack shall be supplied

Axle Stands

4 No.3 tonne capacity axle stands shall be supplied

Portable Shear Legs

Portable shear legs complete with 2 tonne block and tackle, lifting chains and hooks shall be supplied.

Other Specialist Tools 

The Contractor shall include in his offer all essential specialist tools deemed necessary to operate and maintain the equipment offered for the plant. 

Table 31 : Mechanical Workshop Hand Tools Equipment to be provided
	Position/ Description
	No. Req.

	
	

	
	

	
	

	· 
	

	Tool trolleys lockable
	2

	Tools
	

	Electro-pneumatic-drilling hammer including spare parts, 1000 W
	1

	Hand drillers (2-speed), 600 W, including spare parts.
	2

	Driller SDS-plus-hammer, rawl plug driller (mills) for pneumatic drilling hammer and required drills.
	1 set

	· 3 ( 6 mm, 50 mm working length 

· 2 ( 8 mm, 100 mm working length 

· 1 ( 8 mm, 200 mm working length

· 1 ( 10 mm, 150 mm working length

· 1 ( 12 mm, 200 mm working length

· 1 ( 14 mm, 150 mm working length
	

	Battery operated screw driver 9-18 V with different chucks.
	1

	Universal holder with permanent magnet, rechargeable with charging device.
	1

	Electro-angle Grinder, 210 W, including accessories as follows

· 3 Grinding discs

· 3 stone cutting discs

· 3 Metal cutting discs

· 2 cup wire brush

· 1 hand protector


	1

	
	

	Circular Hand Saw, 1600 W, cutting depth minimum 65 mm with accessories:

· 1 saw blade with point teething, chrome.

· 1 Saw blade with wolf teething
	1

	
	

	Jig saw with blades pro/set 5s

· 1 x T 101 B

· 1 x T 119 A

· 1 x T 119 BO

· 1 x T 101 A

· 1 x T 127 D

· 1 X T 118 G

· 1 x stress tearing protector

· 1 x coolant container
	1 set

	· 
	

	Double - Ring - spanner cranked (angulate) 

6 x 7, 8 x 9, 10 x 11

12 x 13, 14 x 15, 16 x 17

18 x19, 20 x 22, 21 x 23

24 x 27, 25 x 28, 30 x 32
	3 sets

	
	

	Double- ring Spanner Cranked 
sizes: 30 – 40
	1 set

	Pull-Ring- Spanner Set
Sizes: 24-46
	1 set

	Open-ended spanner 
sizes: 6 – 32
	3 sets

	Sockets, ¼” 26-pieces set in steel box
	2 sets

	4, 4.5, 5, 5.5. 6, 7, 8, 9, 10, 11, 13

Screw driver sockets plain slot 4, 5.5

Screw driver sockets cross slot 1, 2.
	

	Sockets ½” 24 -s set in steel box, drives 10-32
accessories: Reversible ratchet with gum handle
	2 sets

	Imbus – screw drivers in steel box
drives
: 5 – 17
	1 set

	Torque wrenches ½” 
½” tool take-up 30-150 Nm and Automatic quick release
	1 set

	Torque wrenches 3/8”, 30--50 Nm.
	1 set

	Adjustable wrenches 
	3 sets

	Hook wrench for C- and B-tubes (hoses)
	5

	Square drive socket 
	2

	Band wrench
	1

	Spark plug wrench, 21 mm 
	1

	Cross wrench
	1

	Joint handle 1/2 L cm, 600 mm 
	1

	Screw driver set, 6s
	2 sets

	Screw driver chrome-vanadium 
sizes: 4, 5, 7, 9, 12 mm with hexagonal key sets
	3 sets

	Cross slot screw drivers- set, chrome-vanadium
sizes: 1, 2, 3, 4 mm
with hexagonal set
	3 sets

	Hexagonal key set 
sizes: 2, 2.5, 3, 4, 5, 6, 7, 8, 10.
	1 set

	Spiral (screw) driller, tips, sortiment HSS : 0.5 –  10 mm
	2

	Mallet 100 g
	2

	Mallet 50 g
	2

	Mallet 1000 g
	1

	Mallet 1500 g
	1

	Builder’s hammer 200 g , wood handle 
	2

	Builder’s hammer 400 g, wood handle 
	2

	Builder’s hammer 500 g, wood handle 
	2

	Measuring Tools
	

	Spirit level 1 m long, aluminium
	1

	Spirit level 2 m long, aluminium
	1

	Calliper clamp 3 different ranges 300/210/100 mm
	3 sets

	Angle measuring tool 0-180( 
	1

	Pens, 20s 
	1 set

	Precise micrometer 
	2

	Steel scale, 1 m long 
	1

	File sets different lengths 200 mm, 300 m, 120 mm, 145 mm
	5 sets

	Punch set in steel box, sizes: 2, 3, 4, 5, 6, 8, 10
	2 sets

	Aligning (drift) punch set 
	2 sets

	Punch and chisel sets, sizes: 126 x 18.5
	1 set

	Punch and chisel sets, sizes: 250 x 28
	1 set

	Tap and Die Nut Sets
	

	Standard Tap and die sets (metric)
	1 set

	Bearing/ Wheel and Puller
	

	Standard bearing puller set including following parts:
	1 set

	· 1 two jaw spread width 80 mm

· 1 two jaw spread width 160 mm

· 1 two jaw spread width 250 mm

· 8 inside removal spread width 12-70 mm

2 counter stay:

· 1 pulling chuck spread width 5-32 mm

· 1 special puller spread width 55 mm 
	

	3 jaws with 3 different sizes
	3

	Removal clamp
	2

	Other tools and Instruments
	

	Pinch and pointed end crow bars, 1.0 m long
	2

	Metal shovels with wood handle.
	10

	Shovels for sand.
	10

	Street Brooms with handle (stick)
	10

	Hand broom and sweeping shovels 
	10

	Water broom with stick 
	10

	Rubber buckets, 10 l
	3

	Spades fork
	3

	Felling axes, 800 g with handle 
	1

	Axe, 1.6 kg with handle 
	1

	General purpose hand saws 
	2

	Filling knives - set with different blades
Width: 30, 50, and 70 mm
	5

	Gypsum beaker, gum (rubber)
	2

	Wire brushes, steel, 4 rows 
	5

	Drum opening tool for oil drums 
	1

	Ladder
	

	Stand ladder, double sided system 5 steps, aluminium
	2

	Platform ladder, height ( 2.00 m aluminium
	1

	Safety Tools / Equipment
	

	Portable oxygen deficiency monitor with all accessories 
	1

	Dangerous gases detector with alarm, for H2S gas monitoring including 1 NiCd supply unit and 
1 recharging device. 
	1

	Warning lamp for openings including battery and charging unit.
	4

	Safety belts 
	3

	Slide – chuck
	2

	Safety belts, 20 m long 
	11

	Tripod, light weight aluminium with telescopic legs 
	2

	Rescue stick 
	10

	Self-reeling fall arrester 
	2

	Safety hand lamps / safety inspection lamps
with 10 m long cable
	2

	Battery operated 
Hand flood lights with NiCd and charging unit
	2

	Cable reels, steel with power outlet sockets, for 50 m cable, 220 volt 
	4

	As above for 380 volt - cables 
	4

	canal / sewer mirror
	1

	Rubber (dritex) trousers universal sizes 
	2

	Halogen flood light, 220 volt with tripod adjustable 0.5 to 2 m.
	1

	Halogen flood light, 24 volt with adjustable tripod 
	1

	High impact goggles for eye protection 
	4

	Ear defenders for ear protection (headphone type) 
	10

	Gas masks / respirators for protection against A, B and C gases and Vapours.
	3

	First aid plaster kits according to DIN 13169 type E
	3

	Life preserves with all accessories as specified
	12

	Cleaning Equipment
	

	Hot water industrial pressure washers 
	2

	· Water flow rate: 500 - 1200 l/h

· Working pressure 30-150 bars 

· Capacity 6.9 kW

· Fuel container 25 l

· Chemical tank 2 x 20 l

including accessories 
	

	Multi-purpose vacuum cleaner/ wet and dry vacuum cleaner 
	1

	· Air volume: 55 l/sec.

· Vacuum: 220 m bar

· Capacity: 60 l 

· Motor: 1000 W

including accessories.
	

	Very high speed portable blower/cleaner > 500 W (230 volt), including all necessary accessories.
	2

	Wet/ Dry vacs , vacuum cleaner
Adjustable height and mobile chassis
	1

	Spare parts / accessories for all cleaners 
	1 set


Electrical workshop shall be equipped with the following:
1. Electrical & Electronic workstation with chair for testing and maintenance of electrical and electronic devices with soldering & desoldering station:

· Main Supply Units (mains switch, earthed socket outlets both in the front and inside the panel, thermal overload and fault current protections, and earth terminal screw

· Power Supply Modules (variable and constant AC & DC supplies, isolated supply outlets, variable 3-phase AC supplies and 3-phase connections.

· Measuring equipment (panel - digital multimeter, oscilloscope, function generator / frequency counter)

· Soldering Equipment (soldering / desoldering station with fume extraction equipment, vision systems, and preheaters 

· Fittings (drawer units, steel shelves, pick-up boxes, swivel stands, CPU and keyboard shelves, tool holders, chair)

· Insulating mat with following dimensions: 3 m length x 1 m width x 8 mm thick

2. Workbench table 1.5mx1.5mx 0.9m high, with Work Surface with bolted machinist’s wise with 2 drawers, bottom shelf and cantilever shelf

· Bench base holder for drilling machine, spring loaded, for vertical drilling, complete with adjustable holding bracket for workpiece

· Desk holder for soldering - iron, 100 W adjustable, with 1 kg solder (60 % Sn) 

3. Pegboard  equipped with: 

· 1 Set of double-ended ring wrench, straight, (18 pcs. 6 - 40 mm)

· 1 Set of double-ended open-jaw wrench, (18 pcs. 6 - 40 mm)

· 1 Pair of pliers, diagonal cutting, 160 mm

· 1 Pair of pliers, flat-nose, 160 mm

· 1 Pair of pliers, round-nose, 160 mm

· 1 Auto-Grip plier 8"

· 1 Insulation stripper - multi wire section type

· 1 Set of Crimping Tools 0.75 – 95 mm2 

· 1 Forceps, 150 mm

· 1 Screwdriver, 0.5x3.0x75 mm, isolated up to 1,000 V

· 1 Screwdriver, 0.8x5.5x125 mm, isolated up to 1,000 V

· 1 Screwdriver, 1.0x7.0x150 mm, isolated up to 1,000 V

· 1 Screwdriver for cross-port, size 1, isolated up to 1,000 V

· 1 Screwdriver for cross-port, size 2, isolated up to 1,000 V

· 1 Screwdriver for cross-port, size 3, isolated up to 1,000 V

· 1 Hammer, 200 grams

· 1 Hammer, 500 grams

· 1 Hammer, 1,000 grams

· 1 Knife, stainless (for electricians)

· 1 Set of files (6 pcs. flat, circular, semi-circular, two sizes each)

· Digital-multimeter for direct and alternating voltage and current, ranges as follows:

Direct voltage
:
0-120 mV ... 1,000 V

Alternating voltage
:
0-3 ... 1,000 V

Direct current
:
0-60 mA ... 30 A

Alternating current
:
0-60 mA ... 30 A

Impedance
:

0-0.05 ohms ...1 Mohms

Accuracy class
:
1.5 ohms / 2.5 ohms

4. Electrical tools in canvas tool bag:

· Set of open end wrenches

· Set of combinations wrenches 

· Set of offset ring wrenches

· Set of 1/4" socket wrenches

· Waterpump box joint pliers 

· Pipe wrench 45°, Swedish pattern

· Utility knife set

· Voltage tester 220 - 250 V

· Measuring tape 8m

· Club & Locksmiths` hammer set

· Carpenters` pincers

· Alu - spirit level

· Shape tin snips

· 1 Electrical hand hold drilling machine 230 VAC, 800 W, electronic speed control, reversible, complete with accessories and plastic carrying case

· 1 Set of drills 1 mm up to 15 mm, HSS quality, complete in metal box

· Cordless tool set: Driver / Impact Driver / Flashlight with Xenon bulb. Powered by lithium-Ion 12 V battery with charger. 0-2000 RPM Variable-speed, torque clutch settings

· 1 side-cutting pliers, one diagonal-cutting pliers, two long-nose pliers, one pump pliers, one  crimping/cutting tool, ,

· 1 cable cutter, 2 wire strippers/cutters, two adjustable wrenches, 

· Three keystone-tip screwdrivers sets, three cabinet-tip screwdrivers sets, two phillips-tip screwdriver sets , one wire-bending screwdriver,

· 1 square-recess tip screwdriver, one conduit-fitting & reaming screwdriver, one 12-piece hex-key set, seven nut drivers, , one cable splicer's kit

· 2 pairs of isolating gloves and protective eyewear, 

· 1 Current Clamp Meter 0-200A, 50Hz, 2000VAC

· 1 Voltage detector, measuring range 12 ... 750 V

· 1 Rotation indicator 

· 1 Live Wire Detector / Stud Finder

· 1 Soldering -iron, 16 W, 

· one power-return rule, one fish tape, one shoulder strap, one 10-pocket tool bag.

5. Special tools for electricians:

· 1 Electronic signal calibrator for producing and measuring signals 0-25 mA and 0-15 V, battery-operated, with digital monitor, complete with connecting wires and leather case

· 1 simulation set for simulating the correctness of 32 digital inputs

· 1 simulation set for simulating the correctness of 16 digital outputs

· 1 Stabilized voltage source 0-60VDC, 5A

· 1 Electronic digital clip-on multimeter for AVO AC measuring with sensor and adapter to measure temperature, complete with connection wires and leather case

· 1 Electronic digital test instrument to verify the protective measures as per DIN VDE 0100 part 600 including 3 connection wires, 3 safety connecting clamps, probe cable fitted with plug of the type that fits into the wall outlet sockets, universal probe batteries, manual and leather case, suitable for following tests and measurements:

Insulation resistance 0-100 MOhm

Earthing resistance 0-10 kOhm

Loop resistance 0-200 Ohm

Low resistance meter 0-20 Ohm

Voltage sequence meter

RCD tester 0-300mA

Leakage current tester

Mains voltage

Mains frequency

Protected against wrong operation

3.2.9.1.3 Screens Building

The screens building shall be designed in accordance to the local & national architecture and shall be constructed with all necessary landscaping, access road. It shall be furnished with all required electrical and sanitary house installations, incl. heating, ventilation, in accordance with national regulations and state of the art standards. The total usable area required shall be as required by the installation and ceiling to floor clearance shall be 3.5m minimum.

Indicative facilities to be provided include the following:

· Stores

· Screens, screening handling with compactor and bagging unit

· Grit washer & classifier

· Local control centre

· Telephone

· Wash basin

· Technical water

· Fire protection

· Other facilities depending on the Contractor’s design

Table 32: General Structural Requirements and Finishes for Screen House

	Building Element
	Material requirements


	Finishes

	Footings, lintels, roof beams columns
	Reinforced concrete
	Bitumen painted below ground

As walls above ground

	Flooring
	Reinforced Concrete 


	Tiled flooring throughout (except where otherwise specified).

	Walls
	Brickwork or Blockwork
	Externally rendered and painted for blockwork or architectural brick 

Internally plastered and painted

	Insulation
	As per Serbian regulations
	

	Ceilings
	Plastered
	Acrilic Painted

	Roofs
	Reinforced Concrete/ timber 
	Pitch roof with roof tiles as required by architecture

	Doors/door frames
	Internal – Steel

External – Steel roller shutters
	Oil based painted

	Windows frames
	Wood, Aluminium or PVC
	Stained/ plastic coated

	Glazing
	Double Glazing to BS 544 
	

	Painting Works
	External quality ready mixed paints to BS 4800 

Internal acrylic paint
	

	Roofing
	Insulation and weather proofing as per Serbian regulations
	

	Plumbing
	In accordance with Serbian Regulations
	

	Electrical installations
	In accordance with Serbian Regulations and the “Regulations for Electrical Installations” 
	


3.2.9.1.4 Blower House

The sludge building shall be designed in accordance to the local & national architecture and shall be constructed with all necessary landscaping, access road. It shall be furnished with all required electrical and sanitary house installations, incl. heating, ventilation, in accordance with national regulations and state of the art standards. 

The total usable area required shall be as required by the installation and ceiling to floor clearance shall be 3.5m minimum.

Indicative facilities to be provided include the following:

· Stores

· Local electricity distribution panel

· Local control centre

· Fire protection

· Telephone

· Other facilities depending on the Contractor’s design

Table 33: General Structural Requirements and Finishes for the Blower House

	Building Element
	Material requirements


	Finishes

	Footings, lintels, roof beams columns
	Reinforced concrete
	Bitumen painted below ground

As walls above ground

	Flooring
	Reinforced Concrete 


	Concrete flooring with surface hardener throughout (except where otherwise specified).

	Walls
	Brickwork or Blockwork
	Externally rendered and painted for blockwork or architectural brick 

Internally plastered and painted

	Insulation
	As per Serbian regulations
	

	Ceilings
	Plastered
	Acrylic painted

	Roofs
	Reinforced Concrete/ timber 
	Pitch roof with roof tiles as required by architecture

	Doors/door frames
	Internal – Steel

External – Steel
	Oil based painted

	Windows frames
	Wood, Aluminium or PVC
	Stained/ plastic coated

	Glazing
	Double Glazing to BS 544 
	

	Painting Works
	External quality ready mixed paints to BS 4800 

Internal acrylic paint
	

	Roofing
	Insulation and weather proofing as per Serbian regulations
	

	Plumbing
	In accordance with Serbian Regulations
	

	Electrical installations
	In accordance with Serbian Regulations and the “Regulations for Electrical Installations” 
	


3.2.9.1.5 Sludge Building

The sludge building shall be designed in accordance to the local & national architecture and shall be constructed with all necessary landscaping, access road. It shall be furnished with all required electrical and sanitary house installations, incl. heating, ventilation, in accordance with national regulations and state of the art standards.

The total usable area required shall be as required by the installation and ceiling to floor clearance shall be 3.5m.

Indicative facilities to be provided include the following:

· Stores – 10m3

· Office – 15m3

· Mechanical thickening

· Mechanical dewatering

· Polyelectrolyte preparation & dosing

· Chemical storage

· Local control centre

· Toilets and shower

· Fire protection

· Other facilities depending on the Contractor’s design

Office to include the following:

cd) 1nr telephone connection

ce) 2nr desks(1.4mx0.8m) and chairs

cf) 2nr steel filing cabinets with 4 drawers (lockable)

cg) 2nr cupboards (lockable steel)

ch) Notice Board 1.5m x 0.9m

ci) White Board 1.5mx0.9m

cj) Fire extinguisher (powder type)

Table 34: General Structural Requirements and Finishes for the Sludge House

	Building Element
	Material requirements


	Finishes

	Footings, lintels, roof beams columns
	Reinforced concrete
	Bitumen painted below ground

As walls above ground

	Flooring
	Reinforced Concrete 


	Tiled flooring throughout (except where otherwise specified).

	Walls
	Brickwork or Blockwork
	Externally rendered and painted for blockwork or architectural brick 

Internally plastered and painted

	Insulation
	As per Serbian regulations
	

	Ceilings
	Plastered
	Acrylic painted

	Roofs
	Reinforced Concrete/ timber 
	Pitch roof with roof tiles as required by architecture

	Doors/door frames
	Internal – softwood

External – Hardwood/ aluminium

External – Steel roller shutter


	Stained/ plastic coated 

Oil based painted



	Windows frames
	Wood, Aluminium or PVC
	Stained/ plastic coated

	Glazing
	Double Glazing to BS 544 
	

	Painting Works
	External quality ready mixed paints to BS 4800 

Internal acrylic paint
	

	Roofing
	Insulation and weather proofing as per Serbian regulations
	

	Toilets
	European toilet with wash basin, hot and cold water, mirror and other fittings

Separate man and woman 
	Floor and walls to be fully tiled

	Shower
	Hot/ cold shower mixer with temperature control
	Floor and walls to be fully tiled

	Plumbing
	In accordance with Serbian Regulations
	

	Electrical installations
	In accordance with Serbian Regulations and the “Regulations for Electrical Installations” 
	


3.2.9.2 On-site Water and Drainage systems

3.2.9.2.1 Site Potable Water & Sewerage System

An internal potable water and sewerage system shall be provided to serve all the various buildings which will be built under this contract as well as other structures which will be built under different contracts. 

The Contractor shall be in coordination with the other contractors to ensure that potable water can be provided at the following buildings whether they are to be built under this contract or not.

· Administration building

· Workshop

· Screen house

· Blower house

· Sludge house

The design of the system shall ensure that a minimum pressure of 1 bar is available inside each building. Booster pumps shall be provided should mains pressure be insufficient.

The sewerage system shall discharge to the inlet works and where necessary small package pump stations shall be provided.

3.2.9.2.2 Technical Water and Firefighting System

An internal system for distribution of technical water shall be provided for firefighting and washdown purposes. 

Hydrants with nominal diameter of 100mm shall be provided at convenient locations which can serve both purposes. The location of hydrants shall be such that a 20m hose can reach every process tank including those which are not in this contract. 
In cases where technical water may be necessary inside buildings a building connection equipped with a shut off valve shall be provided. 

External firefighting system shall conform to the requirements of Serbian Regulation or local firefighting departments.

Water for the system shall be drawn from the treated effluent sewer and sterilised by UV disinfection prior to storage. The filling system shall be capable of filling the storage tank in 8 hours.

The volume of storage to be provided shall be sufficient for fire flows of 20l/s for a period of 2 hours unless local regulations have stricter requirements. Covered storage shall be provided to prevent the growth of algae.

The system shall be pressurised by a pumped system equipped with a variable frequency drive and capable of delivering 20l/s at a pressure of 1 bar at the extremity of the system. The pipe network shall be arranged on a ring system to improve reliability and security.

The pipe system shall be colour coded to indicate technical water transport.

3.2.9.3 Site Requirements

3.2.9.3.1 Permanent Fencing and Gate

The site shall be surrounded by a permanent anti-intruder 2.5m high galvanized chain link fence with an outward arm of height 0.5m at 45 degree with 3 strands of barbed wire.  Permanent fencing shall comply with the relevant provisions of BS 1722 and the requirements of Volume 3, Section 3.

A motorized galvanized vehicle gate shall be provided at the entrance with operation from a guard house. The design of the gate shall be compatible with the design of the fence.

3.2.9.3.2 Guardhouse

The guardhouse shall have a usable area of  6m2 and ceiling to floor clearance shall be 3m.

The facilities to be provided shall consist of the following and should be fully furnished throughout: -

· Space to accommodate 2 personnel

· 1 desk 1.5mx0.9m and 2 chairs

· Telephone
Table 35: General Structural Requirements and Finishes for Guardhouse

	Building Element
	Material requirements


	Finishes

	Footings, lintels, roof beams columns
	Reinforced concrete
	Bitumen painted below ground

As walls above ground

	Flooring
	Reinforced Concrete 


	Terazzo flooring throughout (except where otherwise specified).

	Walls
	Brickwork or Blockwork
	Externally rendered and painted for blockwork or architectural brick 

Internally plastered and painted

	Insulation
	As per Serbian regulations
	

	Ceilings
	Plastered
	Painted

	Roofs
	Reinforced Concrete/ timber 
	Pitch roof with roof tiles as required by architecture

	Doors/door frames
	Internal – softwood

External – Hardwood/ aluminium
	

	Windows frames
	Wood, Aluminium or PVC
	Stained/ plastic coated

	Glazing
	Double Glazing to BS 544 
	

	Painting Works
	External quality ready mixed paints to BS 4800 

Internal acrylic paint
	

	Roofing
	Insulation and weather proofing as per Serbian regulations
	

	Plumbing
	In accordance with Serbian Regulations
	

	Electrical installations
	In accordance with Serbian Regulations and the “Regulations for Electrical Installations” 
	


The main for fire protection announcing unit should be placed in guardhouse.

3.2.9.3.3 Internal Circulation and Access
The design of internal circulation shall be arranged with the following requirements:

· Asphalted vehicular access from the public road to the administrative building, the workshop, blower house, sludge house including the relevant number of parking spaces and areas

· Sufficient space for crane access to the various process units where removal of equipment may be necessary during repairs and maintenance

· Paved pedestrian access to all buildings and process units including sampling locations

· High level access with working platforms (timber or galvanised as appropriate), galvanized steps or ladders and handrails to high level process units whether inside buildings or outdoors
· Where the process units are not included in the contract the road or foot path shall terminate about 5 metres from the intended location of the relevant process unit

3.2.9.3.4 Where the internal circulation is not part of the contract all access (vehicular and pedestrian) shall be in accordance with the preliminary design and up to 5 m away from the process unitLandscaping

The Contractor shall prepare a landscape plan for which a fixed amount has been allowed for in the price schedule. The amount is intended for green landscaping.

3.2.10 Facilities for the Beneficiary and the Supervisor

The future Contractor shall provide the following facilities to the Beneficiary and the Supervisor. None of the mentioned elements shall be transferred to the Beneficiary and the Supervisor and at the end of the Contract all shall be returned to the Contractor.

3.2.10.1 Offices
The Contractor shall design and erect at locations agreed with the Beneficiary and the Supervisor the facilities indicated in the table below.

Table 36: Facilities for the use of the Beneficiary and the Supervisor
	Room
	Size (appr.)
	Furniture

	Fixed Office at WWTP construction site 

Together with necessary circulation space, covered entrance porch and covered parking for three vehicles.

	

	2 No. Offices 
	15 m2 each 
	each: 
2 Desk ≥ 2 m2, with file drawer and drawers, all lockable, incl. keys; 1 low table ≈ 1 m2;
1 chair with rolling casters, 2 chairs;
1 file cabinet, steel, lockable incl. keys, 50 x 150 cm, 50 cm deep;
1 bookshelf, 1 m x 2 m, 30 cm deep;
1 coat rack;

1 waste basket

1 AC/Heater

	1 No. Meeting room 
	20 m2
	1 Desk ≥ 6 m2;
10 armchairs;
2 coat racks

	1 No. Kitchen - tea room 
	6 m2
	1 cupboard;
1 Refrigerator, capacity ≥ 200 l;
2 boilerplates;
1 locker

	2 No. Toilets
	6 m2 each 
	

	1 No. Store
	9 m2
	1 bookshelf, 1 m x 2 m, 30 cm deep;
2 low tables ≈ 1 m2;

1 fire extinguisher, wall mounted and 1 first aid kit


All external doors shall be fitted with a secure lock for which a minimum of six keys shall be provided. All windows shall have glass, anti-mosquito gauze and venetian blinds. Lighting shall be of the fluorescent strip type. All offices shall have at least two grounded electrical sockets, rooms exceeding 10 m2 floor area, having at least one additional socket per 5 m2 of floor area or part thereof. Sufficient air-conditioning shall be provided.

The Contractor shall provide external lighting for the office and arrange for collection and disposal of rubbish. The Contractor shall supply, install and maintain in the offices, equipment and furniture which shall be new, undamaged and complete with all necessary keys.

The Contractor shall supply, install and maintain furniture such as desks, cupboards, drawing tables and plan chests, stools and shelves, etc. in the numbers, trademarks and quality as approved by the Beneficiary and the Supervisor. The Contractor shall arrange direct incoming telephone lines. 

3.2.10.1.1 Equipment

The Contractor shall provide, maintain and at the end the project recover of at least the following main equipment, subject to approval by the Beneficiary and the Supervisor:

· 1 No. 
Car, >100 hp, 4 seats, 4x4, AC, including fuel and maintenance. The fuel usage shall be limited to cover the normal car usage for the supervision of the works. At the start of the Contract, a limit of the expected monthly fuel quantity shall be established between the Supervisor and the Contractor. The Contractor shall not be responsible for the payment of fuel consumption in excess to the established limit.
· 3 No.
AC units of sufficient capacity equal to the gross volume of the room, complete with all supports, electrical and plumbing work;

· 1 No. 
Multifunctional Laser/Printer/Scanner/Fax-Copy size A4 with scale up/down function, minimum 12 pages/min, automatic paper feeding;

· 1 No 
Photocopy machine A3 with scale up/down function, minimum 10 pages / min, automatic paper feeding & sorter function, 3 paper trays;

· 2 No.
Desktop Computers; system specification shall be in accordance with market availability at the time of delivery. 

· 1 No.
A3 Colour printer;
· 1 No.
Document ring binding machine;

· 1 No.
Telephone automatic router;

· 2 No.
Telephone handsets of good quality for internal connection as well as directly to the Contractor’s telephone system.

· The Contractor shall supply consumables, such as fax/photocopy paper (A4/A3 sizes), computer diskettes and CD’s, towels, soap, toilet paper, disinfectant, and cleaning materials as required. The cost of telephone and fax usage shall not be born by the Contactor).
3.2.10.2 Topographical Survey Equipment
Listed below are the principal items of survey equipment to be provided by the Contractor. All equipment shall be as good as new, calibrated and with all necessary carrying containers, etc.:

2 No.
Precise automatic level including tripods (Wild or similar)

1 No.
Total station including tripods, complete with reflectors, poles and brackets (Wild or similar)

2 No.
Metric extending levelling staffs with vertical bubble

2 No.
30 m (enamelled or otherwise protected) steel bands

2 No.
Wet and Dry bulb thermometers

6 No.
3 metre-ranging rods

2 No.
Survey umbrellas with stand

1 No.
Sounding chain 1 x 20 m long

6 No.
5 metre steel tapes

2 No.
Builders’ spirit levels 1000 mm long 

2 No.
Hammers 3 kg each

Supply of pegs, crayons, spray paint, nails and all other items required for setting out and measuring the work.

The Contractor shall provide the services of two Chainmen for the sole use of the Supervisor and the Supervisor for the whole period of Contract.

3.2.11 Process guarantee

3.2.11.1 Introduction

The present Tender requires the Bidder to guarantee that the WWTP shall achieve at all times the requested performance criteria included in this Section. The plant shall comply with the applicable effluent discharge criteria, while staying below an operational costs limit, which shall be guaranteed by the bidder. 
The corresponding guarantee schedule is included in Volume 4 – Section 2 Guarantee Schedule and shall be completed by the Bidder, duly signed and stamped. This schedule shall become part of the Contract.

3.2.11.2 Definitions

 Tests on Completion and Commissioning Period

·  Pre-commissioning and commissioning tests: All civil, mechanical, electrical and control components and related functions are finished, tested dry and wet, found in compliance with the contract conditions and accepted by the Supervisor.

· Trial operation: The technically completed plant starts operation and biomass is built up to design level. This period is under the responsibility of the Contractor.

· At the end of the commissioning period and when stable operation is reached, the works are handed over to the Beneficiary (provisional acceptance certificate)

Defects Liability Period

· The period of 12 months immediately following the date of provisional acceptance, during which Beneficiary operates the plant, while the Contractor is required to remedy defects or faults as instructed by the Supervisor.  At the end of the defects liability period and under the condition that all defects have been successfully remedied the final acceptance certificate shall be issued.

Process and Operational Cost Guarantee Period

· The process and operational cost guarantee period is 12 months starting at the issues of the provisional acceptance certificate. This Guarantee Period runs in parallel with the defects Liability Period. The Contractors pays periodical visits to the plant to monitor the compliance of guarantees and propose remedial actual if required.

3.2.11.3 Process Guarantee Conditions

3.2.11.3.1 Wastewater Treatment

The WWTP shall be designed for the capacity as indicated in the table below.

Table 37: Design Flow and Load Parameters for Process Guarantees

	Parameter
	Unit
	Design Capacity

Phase I

	Flows
	

	Average daily dry weather flow
	l/s
	240

	Maximum daily dry weather flow
	l/s
	310

	 Peak hour dry weather flow
	l/s
	490

	 Peak hour wet weather flow (normal)
	l/s
	1,000

	 Peak hour wet weather flow (extraordinary)
	l/s
	1,500

	Estimation of pollution loads, BOD5
	
	

	Total BOD5 loading
	kg/d
	5,160

	Estimated avrg. Concentration of BOD5 in inlet
	mg/l
	250

	Estimation of pollution loads, COD
	
	

	Total COD loading
	kg/d
	10,320

	Estimated avrg. Concentration of COD in inlet
	mg/l
	500

	Estimation of pollution loads, SS
	

	Total SS loading
	kg/d
	6,020

	Estimated avrg. Concentration of SS in inlet
	mg/l
	295

	Estimation of pollution loads, TKN
	

	Total TKN loading
	kg/d
	946

	Estimated avrg. Concentration of SS in inlet
	mg/l
	46

	Estimation of pollution loads, TP
	

	Total TP loading
	kg/d
	155

	Estimated avrg. Concentration of TP in inlet
	mg/l
	7.5


The Bidder hereby guarantees that the effluent from the plant after the Commissioning Period will meet the effluent standards given in Table 35. 

The process guarantee shall cover the running of the plant under different flows and loads ranging from 100 % to 60% of the design capacity as given in Table 34.
Table 38: Effluent Standards for Process Guarantees

	Parameter
	Unit
	European Directive on Urban Wastewater No 91/271/EEC for discharge to areas designated as sensitive waters
	Required 
Standards

	Biochemical Oxygen Demand @ 20ºC without nitrification
	mg/l
	25
	25

	Chemical Oxygen Demand
	mg/l
	125
	125

	Total Suspended Solids
	mg/l
	35
	35

	Total Kjeldahl Nitrogen
	mg/l
	10
	10

	Total P-PO4
	mg/l
	1
	(*)


(*) Guarantee for phosphorus removal is not required to be declared by the Contractor, because phosphorus removal will only be constructed in a phased manner and is not part of this Contract.
Control of the effluent meeting the standards shall be performed according to the EU Urban Wastewater Directive 91/271/EEC  (Annex I, Table 3).

The corresponding guarantee values shall be declared in Volume IV Section 1.

In the event of incompliance with the declared water treatment guarantee values, penalties shall be applied by the Contracting Authority and /or the Final Beneficiary.

3.2.11.3.2 Sludge Treatment

For the case of the WWTP Leskovac, the guarantee requirements for sludge treatment shall be limited to thickening of primary and waste activated sludge. Further treatment of sludge shall belong to Part 3, to be designed and  constructed under a complementary Contract and will not form part of the scope of works of the EUD Contract.
The performance of the sludge treatment line shall be guaranteed on the basis of the following parameters that shall be declared by the Bidder.

· Percentage of guaranteed dry solid contents of the thickened primary sludge. 

· Percentage of guaranteed dry solid contents of the thickened waste activated sludge. 
· Percentage of guaranteed dry solid contents in the dewatered sludge

· Use of polymer for mechanical thickening and for dewatering
The corresponding guarantee values shall be declared in Volume IV section 2.

In the event of incompliance with the declared guarantee values, penalties shall be applied by the Beneficiary.
3.2.12 Guaranteed Operational Costs

3.2.12.1 Introduction

The Bidders are required to guarantee the operational costs for the technical solution that they are proposing for the Leskovac WWTP.

This is necessary for the bid evaluation with respect to the whole life costs of the plant, which consists of the investment costs and the net present value of 20 years of operational costs. At current discount rates the net present value factor equals to 14, resulting in the following formula:

Whole Life Costs = Investment Costs + 14 * Yearly Operational Costs

The winning bid shall be one that is compliant with the administrative and technical requirements and has the lowest whole life cost.

The principal operational costs to be taken into account are those for electricity, for polymer usage for mechanical sludge thickening, for sludge dewatering as well as for sludge disposal. For the purpose of evaluation simplicity, the costs for personnel, maintenance of civil and electromechanical works, depreciation, etc, are not considered in the operational costs guarantee.

3.2.12.2 Energy Consumption Guarantee

The guarantee for energy consumption shall be provided in kWh as the annual consumption of the WWTP. 

The energy consumption shall be determined for the design capacity of the plant.  However after plant commissioning and provisional acceptance, the actual load of the plant during the guarantee period is expected to be lower that the design capacity.  To allow a fair comparison between the guaranteed value and the actual energy usage during the guarantee period, the consumption shall be differentiated between 3 load situations of the WWTP, being 100%, 80% and 60% of the annual BOD load.

For each load situation, the guarantee values shall show the total yearly energy consumption. The annual guaranteed values shall refer to the 12 month guarantee period, between the moments of issue of the provisional and final acceptance certificate.

The determination of the compliance with the energy consumption guarantee done by comparing the achieved energy consumption with the guaranteed energy consumption at the measured load condition (interpolated between the 100%, 80% and 60% load condition as required).

The Bidder shall complete the corresponding table in the Guarantee Schedule Vol IV-Section 1. 

3.2.12.3 Operational Cost Guarantee

The Tenderer shall formally present his estimated operational costs as completed forms in Volume 4. The bidder shall complete the corresponding table in Vol IV-Section 1. The Tender will be evaluated on the basis of Net Present Value as calculated in Volume 4.
Incompliance with the guaranteed operational costs shall be subject to penalties.

3.2.12.4 Tests

Pre-commission and Commissioning Tests (Test on Completion): 

All civil, mechanical, electrical and control components and functions are finished, tested dry and wet, found in compliance with the contract conditions and accepted by the Supervisor for start of the trial operation.  Remedy of defects shall be done according to the decision of the Supervisor before or under the trial operation.
Trial Operation: 

During a period of at least 3 months after the tests on completion and start of operation, the biomass is built up to the design level and full excess sludge production takes place.  The efficiency of the plant is controlled by taking flow proportional 24 hours samples of influent and treated effluent, when appropriate, according to request of the Contractor and approval of the Supervisor.  Routine analyses (effluent standard analysis and inhibition measured as BOD on diluted samples) are performed by the Contracting Authority/Beneficiary at their costs under supervision of the Contractor.  Special analyses requested by the Contractor are performed according to agreement between the Contractor and the Supervisor.  The costs for special analysis shall be carried by the Contractor as long as the result does not show important influence of the analysed parameters on the processes of the plant. After the successful completion of the trial period, the provisional acceptance certificate shall be issued.
Tests on Process Completion: 

Subsequent to the trial operation period, fourteen sets of consecutive flow proportional 24 hours influent and treated effluent samples shall be taken.  When the effluent standards are met by all parameters in all samples the plant is finalized in respect of the process functioning and can be taken over.  If any sample fails to meet the effluent standards, the tests on process completion continue until fourteen samples meet the effluent standards.

Tests on Process Guarantee 
During the guarantee period, the Beneficiary will regularly (several times a week) carry out proportional 24 hours flow sampling and analyses of the influent and treated effluent from the plant according to the Serbian regulations.  The results shall be sent to the Contractor. 

The Contractor shall provide attendance on site as defined in paragraph 3.2.14.
The Contracting Authority/Beneficiary shall immediately inform the Contractor in case a result indicates that the effluent standards cannot be met to provide the Contractor the possibility of immediate remedy arrangements.

The Contracting Authority/Beneficiary and the Contractor shall agree on a procedure to find the reason if one or several parameters do not meet the effluent standards and the exceeded values are indicating that the process guarantee cannot be met.

Performance tests shall be carried out for two periods of six weeks each over the 12 month period: six weeks during the coldest months (January/February) and six weeks during the warmest months (July/August).  If the Works do not achieve the required performance requirements during a testing period, the period of continuous operation shall be recommenced until trouble‑free continuous operation is achieved for a period of six weeks.  The objective of the performance testing will be to confirm that the works will fully meet the performance requirements with the loads at commissioning and at the Phase I design horizon.

Samples shall be taken daily, i.e. 42 samples over each 6 week period. No more than 3 non-conforming samples shall be permitted.

The test shall be carried out both with the actual loads at commissioning and with the Works configured to simulate as far as is possible the hydraulic and BOD loads that will occur at the Phase I design horizon.

The performance tests shall be deemed to have been satisfactorily completed if the following have been achieved:

· The final effluent quality and emission standards for odour and noise meet the specified performance requirements 

· The quantity of energy consumed is within the limits stated in the Contractor's Guarantees.

· The specified system of control is suitable for automatic operation of the whole works and that the operational parameters can be maintained within the specified range.

In addition to the parameters specified in the performance requirements the following data shall be recorded on a daily basis throughout the period of performance testing: 

· Weather conditions: temperature, barometric pressure, humidity, wind direction and precipitation.

· Influent flows, final effluent flows, sludge recycle rate, and return liquors return rate.

· Influent wastewater and return liquors quality (i.e. concentration of sanitary parameters).

· Quantities of screenings, grit, and sludge.

· Physical characteristics of influent wastewater e.g. temperature, colour, odour

· Any relevant visual observations on performance of biological treatment processes, e.g. activated sludge biomass, presence of foaming, etc.

· Consumption of chemicals, electrical energy, fuel and potable water.

If the tests fail due to non‑compliance with the above criteria, or do not attain the specified minimum process requirements or the Supervisor is not satisfied that the operational parameters can be maintained, the Contractor shall: 

· Identify the reason for the failure,

· Put forward written proposals for rectification,

· Obtain written approval from the Supervisor for these proposals

· Rectify the problem and re‑test.

If the effluent standards meet the requirements during the Process Guarantee Period the Performance Certificate shall be issued at the end of this period.

The test for the standard aeration efficiency in kg O2/kWh shall be performed in accordance with the German Advisory Leaflet ATV – M 209 or equivalent Standards, Codes, Manuals or Regulations. Clean water tests shall be performed.  The checks are considered satisfactory if the determined SAE do not vary by more than 5% of the guarantee value. Two series of check measurements shall be performed. The average results shall be taken. 

The minimum concentration of solids shall be checked by taking and analyzing 20 grab samples. 18 out of 20 samples shall achieve the guarantee values.

Tests on Consumption of Energy:

Compliance with the guarantee is controlled by calculation of the annual load and wastewater flow to the WWTP during the guarantee period:

· The daily load is calculated by multiplying the concentration in the composite inlet sample with the corresponding daily wastewater volume measured at the outlet on the days when samples and analyses are performed.

· The average daily load is calculated as the average of the daily load determinations. 

· The annual load is calculated as 365 multiplied by the average daily load.

· The annual amount of wastewater volume is the measured amount at the outfall.

Based on the calculated annual load and the wastewater volume, the guaranteed maximum energy consumption is calculated. The guaranteed maximum energy consumption is compared to the measured energy consumption. If the measured annual energy consumption is equal to or lower than the guaranteed maximum energy consumption the guarantee is fulfilled.

After the first 6 months of operation after “Process Completion Period” the actual energy consumption shall be compared with the guaranteed consumption.  The energy consumption shall be corrected for any improvements executed by the Contractor according to agreement between the Contractor and the Contracting Authority/Beneficiary.

3.2.12.5 Remedial Actions

3.2.12.5.1 Process

In case the effluent does not meet the standards and the process guarantee comes into force the Contracting Authority/Beneficiary shall immediately raise a claim to the Contractor. Within 30 days after receipt of a claim the Contractor is obliged to submit a project proposal to improve the function of the plant so the process guarantee can be met. The same procedure shall apply with respect to the performance of the sludge treatment system.

When the Contracting Authority/Beneficiary has accepted the project proposal to improve the function of the plant, the Contractor shall perform at his own costs the accepted project proposal as fast as technical possible.  The accepted project proposal shall be finalized within a maximum of 6 months.

After a new Running-in Period of maximum 3 months from finalization of the improvement, new Tests on Completion shall take place and a new process guarantee period of 12 month starts. In the event that the Tests continue to fail, the whole procedure shall be repeated.

Where the Beneficiary incurs costs in the form of penalties from the Serbian authorities for failure of the effluent to comply with the Standards and these failures are shown to be due to the failure of the plant to meet the guarantee, then these costs will be recovered from the Contractor, through the demand of payment from the performance guarantee.
3.2.12.5.2 Operational Costs

If the measured monthly energy consumption is higher than the guaranteed energy consumption, taking into account the plant load conditions, and no unusual events have happened as explanation for the overrun of the energy consumption, the guarantee comes into force and the Contracting Authority/Beneficiary shall immediately raise a claim to the Contractor.

Within 1 month after receipt of a claim the Contractor is obliged to submit a project proposal to reduce the energy consumption of the plant so the guarantees can be met, if the guarantee is not met in the meantime.

When the Contracting Authority/Beneficiary has accepted the project proposal to reduce the energy consumption of the plant, the Contractor shall perform, at his own cost, the accepted project proposal as quickly as technically feasible.  The accepted project proposal shall be implemented within a maximum of 2 months.

If at the end of the guarantee period for operational costs, the measured cost for electricity is still higher than the guaranteed value, the Contractor shall have to pay a penalty to the Final Beneficiary for the difference between the measured and guaranteed operational costs, multiplied by 14 (discount factor for 20 year operational costs), to compensate for the losses caused to the Final Beneficiary.

3.2.13 Operation & Maintenance Manual

In addition to the general requirements defined in Volume 3, Section 1, the additional requirements are also applicable.

The manual presents procedures to facilitate operation and maintenance of the plant under all conditions, technical guidance for troubleshooting, and requirements for compliance with the permits and approvals issued. The manual must address the needs of the system being employed and must be directed toward the level of training required of the operating staff.

The manual must also include a plan of operation which must be submitted sufficiently early to allow the Beneficiary to prepare for the taking over of the plant and its operation. The plan of operation must provide a concise, sequential description of and implementation schedule for the following activities:

· The qualification and number of operators;

· Training requirements for operators;

· Start-up schedules and services;

· Safety programs, plans and procedures;

· Emergency operations procedures and plan;

· Process monitoring programme with all process parameters;

· Laboratory and testing requirements;

· Maintenance of water quality and public health

· Health & Safety plan

A draft plan of operation must be prepared at the mid-point of construction for review and approval. The final plan of operation shall be provided to the Beneficiary no later than 30 days before start-up.

On approval the plan of operation shall be included in the operation and maintenance manual.

3.2.14 Plant Operation and Training

3.2.14.1 Operational Support
During the 12 months period for Defects Liability, coinciding with the Process Guarantee Period and the Guarantee Period for Operational Costs, the Contractor shall provide attendance to the Final Beneficiary. The attendance support shall consist of the following:

· Support to be provided by a process engineer and by an electromechanical engineer

· Trimestral visits of to the WWTP by the process engineer and the electromechnical engineer for meetings with personnel of the Final Beneficiary and monitoring and evaluation of process results. The visit plan shall be set out so as to coincide with the performance testing periods mentioned below;

· Ad-hoc visits by the Contractor`s personnel to the plant in the event of serious problems, for undertaking remedial actions;

· Administrative tasks and report writing with respect to the compliance of process guarantees and guaranteed operational costs.

· Home office support of the Final Beneficiary by Contractor’s personnel, by phone  / internet during the entire guarantee period;

· The cumulative duration of presence on site by the stated Contractor’s personnel for trimestral visits and ad-hoc visits shall be at least 3 months.
3.2.14.2 Training

The Contractor shall be required to provide on-site training of the Beneficiary’s assigned staff in managing, operating and maintaining the Works during the last two (2) months before Taking Over.

The total allowance to cover the Contractor’s expenses in connection with training shall be included in the Price Schedule 1, item 1.12 of this Tender. 

The Contractor shall carry out the training on the basis of a structured programme, which shall be submitted not less than two (2) months before the start of the training period for review and approval to a Representative appointed by the Contracting Authority. 

The training shall in general consist of familiarisation with operational aspects of the system as a whole, followed by familiarisation with the specific items of equipment on the WWTP.

The training shall be based on the actual Plant and the implementation of operation and maintenance schedules outlined in the operation and maintenance manuals provided by the Contractor.

The training for each piece of equipment shall be for a duration of not less than one week, to the satisfaction of the Beneficiary.

The Contractor shall be required to provide practical instructions to the Beneficiary’s staff to ensure that by the end of this period the staff will be considered by the Beneficiary to be capable of managing, operating and maintaining the Works to the highest internationally accepted standards without additional supervision.

The training is to be provided in advance of commissioning is aimed at enabling the Beneficiary’s staff to participate in the full process commissioning of the system.

The Contractor shall allow for training the following numbers of personnel:

· up to 5 plant operatives and maintenance personnel

· up to 5 engineers and technicians

· up to 5 laboratory technicians

The trainee shall be allowed the unhindered access at any time to any part of the Works/Plant.

The liability for the entire Works during training remains with the Contractor, irrespective of who may be responsible for any fault or damage.
3.2.14.3 Training Programme

As a minimum the training programme shall include, but need not to be limited to the following:

· General training: covering the principle of the WWTP regarding its mechanical, electrical and physical and biological treatment processes

· Operational training: Practice in operation of all mechanical and electrical equipment and its affect on the treatment processes and results. Plant optimisation and “Troubleshooting”.

· LV training: Operation of power distribution system and standby generator

· SCADA system and operational control

· Instrumentation / Automation training: Covering programming, application design, and debugging principles and practise.

· Preventive maintenance, covering all mechanical and electrical equipment.

· Health and safety procedures and training

The General Training course should be designed to cover as a minimum the following topics:
· Plant hydraulics, monitoring and interpretation

· Physical and biological treatment processes principles

· Operating parameters, monitoring and interpretation thereof

· Effluent characteristics targets

· Impact of operational changes to treatment efficiency

· Operational support during defects liability period

The Operations Training course shall be designed to provide the operatives with sufficient knowledge to operate the plant safely and efficiently. The course shall cover as a minimum the following topics:

· Principles of motors and pumps including safe and efficient operation and practical on site demonstration
· Principles and importance of the different machines and components

· Monitoring requirements and trouble shooting of all main components
· Energy efficiency
· Practical hands on operation and maintenance on equipment provided
· Operational support during defects liability period

The LV Training course shall be designed to provide operatives with knowledge of the installed electrical system in order to safely operate the system. The course shall cover as a minimum the following topics:

· Operation of low voltage systems

· Operation of emergency power systems

· Troubleshooting electrical faults

· Maintenance and repairs of distribution panels and switchgear

· Operational support during defects liability period

This SCADA course shall be designed to familiarize the assigned Beneficiary staff with the general running of the standard operating system including but not limited to:

· Loading and starting up the Plant

· System Operators interface

· Operator control of programme/task execution

· Operator control of disc files

· Operator response to system failure, online/offline diagnostics, transfer of control between the computers synchronization of the system database

· PLC system interrogation facilities – alarm lists, log printouts select mimic and trend display etc.

· Alarm acknowledge accept/delete

· Control actions e.g. start pump, close valve etc

· All functions associated with each access level of the PLC system

· Operational support during defects liability period

The Instrumentation and automation training course is intended for operatives who will be responsible for maintaining and repairing instrumentation hardware and control software installed in various areas of the WWTP. The course shall cover as a minimum the following topics:
· Methods and principles of instrumentation

· Practical hands on maintenance of the different instrumentation equipment on the WWTP

· Operation and fault detection for all instrumentation and PLCs

· Programming of PLCs with practical training

· Debugging of control programmes

· Programming of EEPROMS and flashcards

· Operational support during defects liability period

The Preventive Maintenance Course shall be designed around all the equipment that has been provided for the WWTP. The course shall cover as a minimum the following topics:

· Planned maintenance programming
· Practical hands-on maintenance on actual or practice equipments

· Operational support during defects liability period

The Health and Safety Course shall provide operatives with the knowledge of potentially dangerous situations which can arise at a WWTP. The course shall cover as a minimum the following topics:

· Legal requirements

· Dangerous materials at WWTP

· Dangerous situations and environment at WWTP

· Avoidance strategies

· Safety equipment

· Safety procedures

Execution of Training

For each course the Contractor shall indicate the operatives which must obligatorily attend the course as well as those for which the training is recommended. Courses can be held in parallel for efficient use of the time of the operatives and therefore the training programme must be designed to ensure that the operatives can satisfactorily operate the plant on completion.

To ensure that adequate training is given, the training personnel from the Contractor shall carry out each and every Operation and Maintenance activity identified in the Operation, Maintenance and Safety Manuals and shall train the Beneficiary’s personnel to carry out these activities even if they are not required during the actual operation of the Works.

The Contractor shall pay particular attention to safety training for all assigned personnel. Safety training shall not be limited to personal safety, but shall include detailed actions to be taken by all staff in emergency situations and the use of all safety equipment. The Contractor shall be responsible for establishing procedural links with the appropriate emergency services.

The Contractor shall make available during the training period, all necessary facilities for training including didactic equipment, simulators video, slide and overhead projection equipment. 

Training shall be carried out in the English language. The Contractor shall provide a sufficient number of interpreters to overcome any difficulties arising due the assigned Serbian personnel not being sufficiently fluent in the English language.

3.2.14.4 Contractor's Training Personnel

The Contractor shall provide training personnel for each of the positions required for management, Operation and Maintenance as identified in the training programme. The duties of each of the training personnel shall be to manage, operate and maintain that element or those elements of the Works appropriate to his position, and to train the Beneficiary’s assigned staff members for that particular position. The emphasis shall be on "hands-on" training.

In addition to his normal training personnel, the Contractor shall also provide specialist trainers who shall be responsible for formal classroom, laboratory or workshop training.

� Contractor’s preliminary design shall include a phosphorous removal step as specified. However construction of the phosphorous removal shall be constructed as part of Phase II.


� Given features of the sewerage system, very high variations of these values should be taken into account for the design of the screenings compaction and conveyance units.





� Theoretical value in clear water
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