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1. Description of Work

The description of work which may be required
under this Specification includes the following:

(). Initial/layout design of a sewerage
collection network, pump stations,
pumping main, waste water treatment
plant, marine outfall, sludge drying beds,
administration and laboratory buildings,
fencing and gate works, landscaping
works, area lighting, hard standings etc.,
and any other associated works including
but not necessary limited to soil testing,
topographic survey, and surveying of
ground invert levels, high and tide level
dimensions and lagoon bathymetry.

(ii). Final engineering design, procurement,
and construction management,
inclusive of, surveying, set out, shop
testing of equipment and supplies,
inspections, testing, trial runs and
commissioning of all  necessary
mechanical, electrical, instrumentation
and control systems necessary for the
successful, safe and efficient operation
of the treatment plant, preparation and
submission of “As Built Drawings”, and
Operation Maintenance (O&M) and
Health and Safety manuals.

(iii). Supply and installation of all mechanical
and electrical plant, equipment and spare
parts in accordance with the approved
design and these specifications including
all pipe work, valves, penstocks, cabling,
laboratory equipment, office furniture

and lockers etc., air- blowers, lift pumps,
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(iv).

(v).

(vi).

2.

sludge pumps, filter feed pumps and
effluent delivery pumps, back-up power
generator, vehicle mounted sewer jetting
machine, electrical  instrumentation,
control panels, switchgear, fencing and
gates etc. as necessary for the successful
construction and safe and efficient
operation of the conventional gravity
sewerage system and  wastewater
treatment plant.

Construction of all civil engineering
works and associated works in
accordance with the approved design and
these specifications including but not
necessarily limited to site clearance,
trenching, dewatering, grading and/or
filling to the formation level, formwork,
reinforcement, concreting, block work,
painting,

roofing, installation of pre

formed  structures and  closures,
electrification, and access ladders and
mobilization,

platforms, temporary

works, reinstatement  of  access,
transportation and storage of materials as
necessary for the successful construction
and safe and efficient operation of the
conventional gravity sewerage system
and wastewater treatment plant.
local

Operator training of personnel

for operation and maintenance, and
community training for those indirectly
involved in the operations and
maintenance of the conventional gravity
sewerage system.

Operations and maintenance support.

General Design Parameters
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The projected population shall be estimated for a
30 year period. The population shall be estimated
with reference to the relevant national census data
and island population data. Transient and
seasonal population will be estimated using the
methodology recommended by the American
Society for Civil Engineers (Gravity sanitary

sewer design and construction).

For the purpose of estimating Average Dry
Weather Flow (ADWEF) the following waste

water flow rates shall be used:

Source/ Average Daily  Unit
Development Flow
L/day/unit
Auditorium/ 10-15 Seat
theater
Automobile 300 Garage
repair garage
Carwash — garage 1000 Garage
Bakery 1000 Bakery
Cafeteria 100 Seat
Mosque 20 Person
Community center 10-15 Person
Health facility Bed
Hospital 300 Bed
Laboratory 200 L/day Laborato
y
Manufacturing - As per assessment
industry
Office building 500 L/day 1000
square fe
Dormitory — 150 L/day Student
college or
residential
Residential — 150 L/day Bed
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Note : 70 to 80 percent of the water

consumption rates mentioned in the above table
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shall be used in calculating the sewage flows

For the purpose of estimating Average Wet
Weather Flows (AWWF) infiltration shall
be 10% of ADWF

For the purpose of estimating Peak Wet Weather
Flow (PWWF) the Average dryWeather Flow
shall be multiplied using a peak flow factor given

by Babbits formula and plus infiltration.

Peak wet weather flow (design flow) = Avg dry weather flow X peak factor + infiltration
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For the purpose of laying of sewer pipes, the
maximum depth of trench should not exceed 2.5m
and for the purpose of construction of lifting
stations /pumping stations, the depth of excavation
should not exceed 3.5m from the ground level.

The design horizon for the sewerage collection
network shall be for period of 35years. The design
horizon for all associated hardware included
pumps, generators blowers etc. shall be for period
of 15 years (pump replacement may be for a lesser
period).The design concept for the sewage
treatment plant shall be based on two modular
configuration to serve up to 35 years

Typical Raw Sewage quality is taken as:

BODS5 200C 250-350 mg/I
CoD 200-400 mg/I
SS (suspended solids) | 250-300 mg/I

Fecal Coliforms 10°-10/100ml

Note: for details on the sewage quality
parameters (influent/effluent), refer to General
Guidelines for Domestic wastewater Disposal
by MWSA

Telemetry s installed

not on

typically
conventional gravity sewerage systems on
islands outside of Male’, however, there may be
circumstances where some or all sewerage
pump stations will require such equipment. In
such cases a general specification has been
provided in Appendix X to provide guidance to
the design engineer on the type of telemetry
system and configuration of such which may be

appropriate.
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2.1  Velocity

The conventional gravity sewerage system design
shall be based on a velocity of at least 0.60m/sec,
for all depth of flows in the sewer.

Manhole / Access Chamber spacing of not more
than 60m and shall be provided at street crossings,
change of slope, change of size/direction of street
sewer. The manhole shall be of plastic material
like UPVC or HDPE The main sewer pipes shall be
manufactured of uPVC minimum of 160mm.The
lateral sewer pipes shall be manufactured of uPVC

minimum of 110mm

Pipe Sewer and fittings

The pipe sewer and fittings shall be of uPVC or
HDPE material.

Pipes for gravity sewers and drains shall have a
wall thickness and stiffness to satisfy SDR 35/41

classification.

The colour of PVC pipes used for gravity main
shall be brown. Blue colour pipes shall not be
accepted for use in conventional gravity sewerage

systems.

Household Connections

The house connection pipe shall be manufactured
of uPVC and the minimum size shall be110mm.
Pipes greater than this size should be justified
through calculations for multi-story buildings,

schools, hospitals etc.

Inspection Chambers
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be

non-

Pre-fabricated street access chambers shall

manufactured from material that is
biodegradable and resistant to salt and acidic
substances typically PP,PE. Or uPVC. The
minimum size of the inspection chamber shall be

450mm.

Manhole Openings, Covers and Frames

Street manhole and manhole covers and frames
shall have minimum clear openings of 600 mm
diameter: Covers located in roads shall be made for
heavy duty use only, preferably be double
triangular loosely coupled with bolts. Covers
located in the road verge, protected from heavy
vehicle wheel loading shall be made for medium
duty use.

All

frames shall incorporate a suitably secured gas

street manholes and manhole covers and

tight GRP and ABS sealing plate. A heavy grease
seal is to be formed between the cover and frame to

prevent the ingress of sand and water.

»  Manholes covers shall be closed.
» Manholes covers shall have cast into the
surface: - "
Sewage Lifting Station (SLS)

Sanitary Sewer".
2.2

Each sewerage basin catchment typically requires
one lifting station. The individual lifting station
will discharge the wastewater through the sewage
pumping main either to the sump of another SPS or
to the inlet of the Wastewater Treatment Plant as
necessary to avoid the emergency wastewater
outflows. All catchments shall be interlinked via a
catchment overflow link laid at a flat grade at the

closest point between two catchments. The pump
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station shall be designed operate from an
alternative on site power supply via one standard

connection in case of mains power failure.

Inlet chamber, Pump well and valve pit

The Inlet chamber shall receive all incoming
pipework prior to entering the pump well. The
discharge pipe from the inlet chamber shall be of
sufficient diameter to cater for outflow to the
pumping well. The inlet chamber must be fitted
with a diversion pipe to direct incoming flow from
the inlet chamber to the valve pit without entering
the pumping well in times of maintenance. The
diversion pipe shall be manufactured of PE and of
sufficient diameter to cater for out flow. The inlet
chamber shall be fitted with 2 Nos. sluice valves
with a cast iron casing and bronze wedge, anti-
clockwise closure with non-rising spindles and
terminate with a stem cap and shall be key
operated. 1 No. shall be located on the incoming

flow side and 1 No. on the outgoing flow side.

The minimum size of pump well shall typically be
1.5-2.0 m diameter and no more than 3.5m in
depth. The working depth of the pump should not
be less than 1.25m. The pump well must be
capable of accommodating three submersible
pumps, associated pipe work, electrical wiring and
access equipment and personnel access. The design
shall require pumps and personnel can pass through

the pump well opening.

The pump well floor is to be shaped to avoid
retention of waste water and material entering the
pump well. Where this is achieved through

placement of mass concrete, the concrete is to be
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sloped towards the well pump sump. :,;:;g.,: ;;5:,;_;;;: 255 g4 0 ¢ "E’Z:’:
316 S.S £=7 s EAAMEEE 316S.S £%2 25
There shall be an external valve pit adjacent to the | z2;; v 535 pa SiAgS AR igSS
pump well structure. A 75 mm uPVC pipe shall be ] (pezox
provided to discharge wastewater from the valve | - (325 2 58 28.%835) 2ud 22gai e

pit into the pump well. The floor of the valve pit is zoie, o2 o ox cow cu . ¢
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to be sloped towards the discharge pipe. 316 S.S 225 45 E2% 22X 316S.S £%2 (2
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Polyethylene pipework will be accepted for use in (2ezox

both the inlet chamber, the pump well and valve zoo 00

pit. PE discharge pipes shall be supported at not | , . .. s o o soxoc
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less than 1.0 m intervals in any direction. The . eo xo»
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discharge pipe work shall be taken as typically )
150mm below the sewer invert. Fittings installed in Gai G 25 35 337 a8y 335 e
both the valve pit and pump well shall be cast or 02>>. oow oco

Al S8 233 1 :1.; 75mm
ductile iron or ductile iron.

The following valve types are to be supplied and | 52<v2s2 —Z7 BARSIFL Sens r=lia SRSies

installed to the pump well and associated works: 4 AiaE 3554 Safles sa 42 5«5}/3 PN
« 2 No. gate valve of same diameter as sewer | 55 412 '8535 255 ~32%2 RAE SA54222 S0z
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main (incoming flow side)with non-rising | 2 £.75 .25 L3758 Saxes —S5a 54550527
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<
stem, Grade 316 S.S. Component and Grade | .55 28,75 ££:585 352 Ao S55 S8
-3 ”
2

316 S.S. extension spindle extension spindle | 222 2 3 E3XS4 LGE2, (225 3455555 sa
and with valve key cover boxes; GAAFALEZ 84 SASe 22, axE 5 pS00M i
* 2 No gate valves of the same diameter as | o 22,2 s.28%7 25, 2f 2 255 5. 34
rising main (outgoing flow side))with non- ccez c303e
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rising stem, Grade 316 S.S. Component and
Grade 316 S.S. extension spindle extension SeiSE

spindle and with valve key cover boxes;
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All Ductile Iron fittings are to be to be Epoxy lined
SO as to protect against corrosion. Application of
Epoxy lining is to be carried out by manufacture of
pipe and fittings at their factory. An approved
epoxy material supply and application system is to
be used, such as Dulon ‘Armourcote’ 412 applied
by accredited applicator and have dry film
thickness of 500 micrometers applied through two
coats in accordance with manufacturer’s
instructions, or similar two pack epoxy protective

coating.

Pumps

The capacity of the pumps shall be based on the
Peak wet weather flow (Peak dry weather flow +
infiltration) for the catchment served by the SPS.
The number of pumps in each pumping station
shall be three (two working each having half the
peak wet weather flow capacity + one Stand-by).
One working pump will be operating for low flows
and the second working pump will be operating
when the capacity exceeds one working pump. All
pumps shall be fitted with overload protection
devices and thermal protection and shall be of the
same make and type. The pumps shall be
connected to fixed wiring by means of a suitably

rated 5-pole IP56 switch socket unit.

The typical pumps specifications shall be as
follows. Other composition may be provided if

accompanied with sufficient documents and proofs.

One working pump Q= 1/2x peak wet

capacity: weather flow

Second working pump Q= 1/2 x peak wet
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capacity: weather flow

standby pump capacity: Q = max peak wet

weather flow

Pump type: Submersible grinder
capable of handling

solids up to 75mm

Impeller: SSASTM A743CF8 M

Shaft: SS BS 970 Gr 304 S11

Casing: IS 210 Gr.FG 260 with
1.5-2% Ni

Start/Stops: restricted to 6 per hour

Motor: [as per engineering

design], IP 68 protection

with Class F insulation

Guiderail pipe & Chain: ~ SS BS 970 Gr 304 S11

Control Cabinet(s) and Panels

Typically control panels shall be provided with
single-phase power supply to adequately operate
pumps, pump controls, and other equipment and
instrumentation. A fuse, switch, distribution board
for Single phase, 3 pole, switched socket outlets,
and appropriate pump protection system shall be
provided. The cable to these outlets shall be
installed in minimum 2.5 square mm cable from 16
Amp fuses in the Distribution Board. For SPS with
larger flow 3 Phase power supply may be required
for soft start of pumps in which case the necessary
component specifications will be matched to meet

the requirements of 3 phase supply.
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The cabinets shall be freestanding cubicle pattern
type - Himel cabinets or equivalent complying with
standard industry practice for the Maldives
sited adjacent to the source chamber. The
cabinets will house all push buttons, indicator
lights, switches, timers, and controllers. A
switched water proof connection plug for receiving
power from a stand-by generator in case of mains
power failure shall be provided and a protected
warning (alarm) light and exterior alarm horn shall
be mounted on top of the cabinet. They shall stand
alone on a concrete plinth so that the indicators and
buttons are between 1 and 1.5m above the ground.
The cabinets shall be adequate ventilated and
shall be provided with weatherproof closures
and lockable handles. Doors should be

removable to allow easy access for servicing.

Control voltages used shall be selected to suit
the particular application of the instrumentation
equipment. Typically control and instrumentation
supply voltages shall not exceed 24 volts d.c.

Electrical single line diagram/circuit diagram
should be designed for each of the electrical panel

and provided along with the panel.

Conductors*
The conductor insulation shall be color coded to

the following schedule:

230 VAC controls  red P) black/Blue
(N)

24 VAC controls - purple (P) black (N)
24 VVDC controls- white  (+) black (-)
12 VDC controls- gray (+) black (-)
Analogs brown (+) black (-)

*conductors should comply with MEA standards

(B5) 22 (4) S5 -
(3 () A2

(+) ~3 22545 (-) 22 () sa-

¢ e e Zzoeoxoc
CBASIS PV AN

* o 7 O0r O3
APAPY LY

>
() ¥
Fro0 ~o0co cec oc For o2 Or -~ Or Oy
AL s g P r— S A2 S APy gL
- Z Z
ccrxo0c
BSOS A

o~

4
220 >¢e o oo ox 3
v

z

2
LI SIS ALAKPY LIV oA S
z

C ¢
SAFV SN 9AS
- 2z

~ 0r 0 o - z >

s 23

oPoox cee - o ocxe > ¢ ox o oc 03¢
B -l d LAIOI S — o A A SEFX e cers
rd
oc ce Z- 05 o - oc e>,r 05 x
Pt et av. x4 Al AN ’—'/.nj) sV 222
- - - z z Pd
2 occor ¢ o ¢ - 0 P ¢€>- 05 x
1.0mm s o S, asez <% (.fV >
- z

Y
rd

20~ 0> o s 0r 03 2 2 cecec zor 0
2.4_;}/,@: LIETSSL ARREY SN LSS PASS ST




All earth conductors shall be colored green/yellow
or green.  The use of yellow control wires is
prohibited. Due allowance shall be taken of voltage
drops particularly with low voltage control circuits.
The minimum size of power feeds to control
modules (PLC I/O modules etc) shall be 1.0 mm2.
All conductors shall be stranded.

Control cables

All control cables shall be fitted with bootlace
ferrules where practical and identified by means of
a numbered plastic ferrule fitted at each end of the
conductor. The numbering of the control cables
may differ from terminal numbers but all
numbering must be clearly identified on the

schematics.

Instrument protection*

All voltage circuits to instruments shall be
protected by MCB's in each unearthed phase of the
circuit placed as close as practicable to the main
connection. Metal oxide varistors and surge
arrestors shall be provided to protect against

abnormal voltages.

All instruments shall be capable of carrying their
full load currents without undue heating. They shall
not be damaged by the passage of fault currents
within the rating of the associated MCB or through
the primaries of their corresponding instrument
transformers and shall be provided with protection
against power supply transients, disturbances,
lightning surges and radio frequency interferences.
All instruments shall be back connected and the

metallic cases shall be earthed. A means shall be
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provided for zero adjustment, span or range and

configuring of instruments without dismantling.

Moving parts and contacts shall be adequately
protected from the ingress of dust, and all
instruments shall be protected by moisture and
dustproof cases including those mounted in panels.
All equipment shall be suitable for its environment.
Panel mounted receiving instruments shall be of
the electrically operated miniature flush mounting
type.

*Instrument protection should comply with MEA
standards

Indicator Meters

The following meters shall be provided:

e Motor current ammeters;

» Voltmeter (0 — 600 v)and selector switch;

* 5 digit hours run meter.

Switches and lights

The panel shall include Run/Off/Auto selector
switches, Running and Fault lights for each pump,
and Running and Alarm Reset Pushbutton
switches. The control switches for Run /Off/ Auto
can be internal to the Control Panel. All contactors
shall be Sprecher & Schuh CA3 or Telemecanique
series or equivalent with matching overload units.
Within the starter switch the required contactor size
shall be based on a service life of one million
operations at the full name plate load of the
controlled motor and selected duty rating. Typical
ratings shall be based on a minimum of AC3 duty
or AC 4 for severe duty applications. Contactors
selected for control of resistive heating loads shall
be rated for AC2 duty.
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Pushbuttons for operational

circuits shall be

provided with a shroud, guard or other suitable

means  to

prevent inadvertent  operation.

Illuminated (LED type recommended) pushbuttons

where used shall be of a design that allows easy

replacement of the lamps from the front of the

panel. If legends are engraved on the pushbuttons

they shall be clear. Pushbuttons and indicator lights
shall be similar to Allen Bradley type 800 H

Rosite Nema Type 4X, water tight, corrosion

resistant stations with Nema Type 4/4X bootless

operators or the equivalent.

All pushbuttons

provided for control start functions shall be

provided with a flush type operator. All indicator

lamp and pushbutton operators shall conform to the

following color coding:

Pushbuttons* Indicator Lamps
Red Command Stop Fault
Green | Command Start Ready/Run
Blue Any other function | Other function

*Pushbuttons contact blocks shall be suitable for

direct control of 220 VAC contactors as required

and should

comply with MEA standards

Control System

Normal pump operation shall be controlled through

an ultrasonic sensor or ‘float-switches’

. The pump

control system shall consist of the following

components:

1)

)

Ultrasonic sensor/ switch for start / stop
control of the pump(s) and maximum level
override and alarm; or

Float switches for low level to signal pump
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OFF, high level to signal pump ON;

maximum level alarm and override.

The switches shall be set at a level recommended
by the pump manufacturer to ensure that the pumps
do not run dry. Switch shall activate the standby
pump if the maximum effluent level is reached. If
both pumps are operational the two pumps will
pump at a higher rate. A common alarm output
shall drive flashing amber light and an audible

alarm horn.

Ultrasonic Sensors/Switches

Ultra-sonic level measurement shall be by the use
of non-contact, echo-time measuring equipment
operating at ultrasonic frequency. The equipment
shall transmit pulses, which are reflected back to
the sensor from the surface of the liquid whose

level is being measured.

The equipment shall consist of a sensor
incorporating both transmitter and receiver,
together with a separate control unit. The
equipment shall be provided with automatic
temperature compensation and shall be suitable for
operation in the designated application under the
climatic conditions. The overall accuracy of the
level measurements shall be within +1.0% of
the instrument span. The connection between the
sensor and control unit shall be via commercially
available twisted and screened cable, of sufficient
cable length to enable removal of pump well
equipment. The sensor shall be suitable for
mounting in the open, or within an enclosed tank,
and shall be totally enclosed and hose proof with

environmental protection to IP67.
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The sensor shall be installed on a robust and rigid
structure provided for the purpose. The structure
shall include a means of leveling the sensor so that
the transmitted beam is perpendicular to the liquid
surface and a safe and easy access to the sensor for

servicing and maintenance.

The control units shall incorporate:

» Facilities for independently adjusting dead
band zero and span, and shall have an output of
4-

» 20mA proportional to level.

» A 4 digit read out in meters to indicate liquid
level.

» An entry for operating parameters without the
need to physically measure the distance to
water level or to remove the sensor head.

 Potential free changeover contacts to provide a
minimum of 5 control points.

» Secure access for parameters via a removable
[fixed keypad.

« A common potential free alarm signal for
system faults, echo loss and memory failure.

» An LED display to the level control unit shall
illuminate on receipt of acceptable echoes and
extinguish when echoes are not received.

» A LED for indication for dc power availability
shall also be provided.

» A level control unit that shall be automatically
checked for availability and any faults signaled

back to the control panel.

The equipment shall be suitable for the application,
particularly with regard to the blocking distance,
transmitted beam angle or cone.

Float switches
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The float shall be impact and corrosion resistant

and of robust construction and supplied with a non-

mercury switch, sealed neoprene jacketed cable,

and ABS shell with change over contacts tether

method of tie wrap nylon.

Contacts shall remain open when the tilting action

changes over between opening of one contact and

closing. This “dead band” shall operate over an arc

of approximately 20 degrees on either side of

horizontal. Means for preventing the float from

movement due to draft or liquid turbulence should

be provided as also a means for raising the units for

maintenance and repair.

Float switches shall be supplied with full-length

flexes of equal length to run from pump well to

junction box or socket unit. Cabling shall be run

back to the control panel cabinet.

Excess lengths

shall be neatly coiled. The float switch cable shall

be

installed in a manner that is clear from

interference. A protective cover shall be placed in

front of the float cables so as to protect against

turbulence during pumping causing cable tangling

which may interfere with the float operation.

Pump controllers

Pump controllers shall

be microprocessor or

microcontroller based and designed to meet

pumping station requirements having the following

features:

« Automatic pump sequencing which determined

by the specified level detection system.
Monitoring and protection from over voltage,
under voltage and phase imbalance, pump

motor over current etc.
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* LCD readout screen which shall show the
system status i.e. pump running, level, line
voltage, pump motor current and pump starting
sequence.

» Operating Log which displays number of starts
and total running hours for each pump.

 Fault log which displays all active alarms e.g.
all parameters detailed.

« System Configuration. This screen shall be
pass-word protected to prohibit unauthorized
changes to the system.

* Indicator lights for power ON, AUTO, OFF
and processor fault.

« A membrane key pad to set system
configuration and operating set points. It shall
be provided with contacts of suitable rating to
interface with the relevant pump motor to
operate in auto mode. It shall accept potential
free contact from the MCC to activate the auto
mode from Pump auto/manual selector switch.

2.3 Sewage pumping main

The pumping main shall be manufactured of
HDPE of minimum 80mm ID to cater the peak

discharge from pumping stations.

Polyethylene pipes

Polyethylene pipes, PE 100, shall be black in
colour, flexible, minimum pressure rating PN 6 and
supplied in compliance with latest version of
internationally recognized standard. Pipes shall be
produced by manufacturers who operate under 1ISO

9002 series quality assurance scheme.

2.4 Dewatering
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Due to the extremely high water tables which on
average are between 0.5 and 1.5m below ground
level extensive dewatering is typically required
during construction and installation of pipe
networks which increases in intensity as depth

increases.

Given the instability of the sand/soil conditions,
trench shoring shall be used to maintain the vertical
integrity of the sidewalls of all excavations. All
water removed during excavation for trenching and
construction shall be disposed of inland from the
excavation for re-percolation back into the water
table as outlined in the URA Design Criteria and
Technical ~ Specifications - Design  and

Construction Of Sewerage System, 2021.

2.5 Wastewater Treatment Plant (When required)

The centralized Wastewater Treatment Plant
(WWTP) will comprise full pre-treatment and
secondary treatment utilizing an diffuse air aerobic
process. The treatment process shall consist of inlet
structure/primary sedimentation, contact aeration,
secondary sedimentation and an outfall pump
station. The effluent from the treatment works
shall be discharged to sea via a marine outfall.
The sludge treatment will be by drying beds. The
design shall include adequate provision for odour

control for emissions from the WWTP.

Each WWTP module will be designed for the
estimated Average Wet Weather Flow (AWWF)
over its 30year design horizon for civil
structures and 15 years for mechanical

components of sewerage treatment plant.
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The treatment process shall not rely on overly
sophisticated treatment techniques and controls that

require very specialist operation and maintenance.

The treatment process shall treat sewage to the
standard as given in the table pertaining to disposal
of treated sewage into deep sea

BODS5 20 C 20mg/I

Suspended Solids 30mg/I

The point of compliance shall be at the inflow to
the outfall pump station. Under normal operating
conditions compliance shall be taken as a 90th
percentile (9 in every 10 samples) calculated on a

rolling average.

The construction of the WWTP shall be careful
coordinated with the construction of the
conventional gravity sewerage system and the
marine outfall to confirm interfaces and for the
timely completion, commissioning and testing of

these elements.

The treatment plant must always operate in a fail
safe mode. Overflows or spillages to the site
surface and subsequently to the groundwater must
not occur. Process units shall be provided with
bypasses and in emergency situations, a bypass
shall be made available to pump directly to the
ocean outfall.

The WWTP will be designed and sized to the
design parameters and all components divided into
two equally sized compartments which are
hydraulically isolated from one another for the
provision of maintenance. The WWTP shall

consist of the following functional components:
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251 Inlet Structure/Preliminary Treatment

The cumulative influent sewage shall enter the
WWTP by means of interlinked pumping mains to
the

Primary Headworks of the WWTP.

The inlet structure should be located on top of the
Aeration Tank and provide flow dividing chamber,
preliminary screening of floating material, and grit,
grease and oil and mass solids from the wastewater
stream. There shall be channel with an emergency
manually raked screen, walk way, railings and a
tap for wash water to clean the screen and the
There shall

dewatering of the screenings and an arrangement

channel. be a mechanism for
by which the screenings can be removed after
dewatering and deposited in a receptacle for
disposal elsewhere. Suitable oil and grease
separator to be considered in primary treatment
plant unit if oil and grease is identified as a major
input source to the wastewater stream which may
adversely impact on the operation of the plant over
its design life. All the preliminary/inlet structures
shall be designed as per international design
practices.

Equal quantities of flow from the primary

treatment works shall be distributed into the

two compartments of the aeration tank.

252 Diffused Aeration Tank

The wastewater from the primary treatment works
is pumped to the diffused aeration tank. Typically
the aeration tank should be designed to provide

approximately 18 to 20 hours of retention time at
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Average Wet Weather Flow (AWWF).The
Aeration Tank should be designed in two equal

compartments.

The Aeration Tank shall be provided with High
Surface Area Fill Media.

Material of Construction;: EPDM
» Make: Reputed

MOC: Vacuum formed thermoplastic

« Frames construction: Stainless Steel

The Diffused Aeration System shall comprise
of 100 cm and fine bubble

membrane diffusers, installed at the base of the

long, on-clog,

aeration tank with PVC pipes (or better), fittings,
fastener etc. The diffusers shall be designed to
ensure uniform permeability and to produce a flow

of fine air bubbles.

Oxygen shall be supplied to diffused aeration
system via Air Blowers. The air blowers shall be
Twin Lobe design coupled with Motor, Pulleys,
Filter, Silencer, base plate etc. Typically the air
blowers should be designed for the provision of
3m3(02)/hour/m3 of wastewater.

253  Sedimentation/secondary clarifier

Tank should
typically allow for 4 hours retention of Average
Wet Weather Flow (AWWF). The Secondary

Sedimentation Tank should be designed with a

The Secondary Sedimentation

similar configuration as the Aeration Tank in two
equal Compartments. The design of each vessel
must allow for the accumulation of sludge to

concentrate at a collection zone for ease of de-
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sludging. The clarifier shall be provided with the
facility of periphery weir to control the overflow
rate.

254  Pumps

The following pumps shall be provided:

e Feed Pump No(s): 2 [1 working & 1
standby]

e Type: Surface mounted, centrifugal, self-
priming, non-clogging

o Make: Grundfos or Flyt or equivalent

e Specification: [as per engineering design]

e Sludge Pump No(s): 2[1 working & 1
standby]

e Type: Surface mounted, centrifugal, self-
priming, non-clogging, semi open impeller

e Make: Grundfos or Flyt or equivalent

e Specification: [as per engineering design]

255  Ocean QOutfall Pump Station

The Ocean Outfall Pump Station, located after the
Secondary Sedimentation Tank should have
sufficient volume for 1 to 2hoursretention of Peak
Wet Weather Flow (PWWHF). The outfall pump
station shall be equipped with similar pipe work,
electro -  mechanical

fittings,  pluming

arrangements as the SPS’s.

A magnetic flow meter with 4-20 m Amp output is
to be installed immediately downstream of the
valve pit. Typically the flow meter shall be as

follows:

1. Each flow metering system shall consist of

the primary transducer (sealed to IP68),
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earthling rings, the necessary signal
converter and power supply unit and all
cabling between the primary transducer
and signal converter and power supply
unit.

2. Each of the signal converters/power supply
units shall be supplied for remote mounting
and sealed to IP65, unless otherwise
specified.

3. The signal converters/power supply units
shall be provided with a 4-20 mA output
signal, linear with flow and suitable for
retransmission to remote instrumentation.
The outputs shall be capable of supplying a
load of 1000 ohms under all conditions.
The supply voltage may vary by +15% and

frequency between 48 and 52 Hz.

The flow element of magnetic flow meter shall be
Pulsed dc electromagnetic type with a linear output
and should have inherent (zero) stability. The
metering tube of the flow meter shall be of carbon
steel unless otherwise indicated Flow meter flanges
shall be ANSI 150 pound carbon steel unless
indicated otherwise the liner shall be polyurethane
or fusion bonded epoxy. Flow meter shall be
housed in below grade vaults and shall be designed
to withstand accidental submergence in 10 m of
water for 24 hours. Sufficient cable shall be
supplied to allow for the primary transducers to be
situated up to 25 meters from their signal

converters, unless a longer length is specified.

The flow meter accuracy shall be A+0.2% or
reading in the velocity range of 10 meters/sec
down to 0.5 m/s and A+0.05% of reading down to

0.2 m/s orbiter. The repeatability of the flow meter
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shall be A+0.05% down to 0.5 m/s velocity
increasing progressively to A+1% at 0.25 m/s or
better and calibrated on NEMAS accredited flow
calibration rigs and calibration certificates shall be
required.

2.6 Sludge drying beds

The sludge generated from the waste water
treatment process will be transferred to the sludge
drying beds which shall consist of coarse sand
bed, supported on coarse gravel / crushed stone
aggregate, underlain with perforated collection
pipes. Open jointed PVC pipes shall be used. The
pipes should be covered with fine nylon net to
prevent access of fine sand and other filter media
into the effluent. The liquid element of the sludge
will percolate through the coarse sand substrate and
be collected in the perforated pipes for distribution
back into the liquid waste water stream through the
plant inlet. The sludge shall be air dried to a

minimum of 30 % dry solids.

The base of the beds shall be covered with a water
proof membrane to prevent leakage to the
groundwater, and a thin wire mesh will cover the
entire facility to prevent access from birds, vermin
etc. The beds shall be covered by a sloping roof in

order to protect the beds from rains.

The sludge cakes should be removed and stored in
a covered hard standing area at a vacant, easily
accessible place within the WWTP compound

before being removed for disposal or reuse.

2.7 Ocean Qutfall
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The Ocean outfall pipeline will be constructed of
PE 100typically 160mm OD or greater. The colour
of HDPE pipes used for Sea outfall shall be black.
The pipeline shall typically be buried to a depth of
0.6m on land and place on the sea bed concrete
ballast blocks of a mass sufficient to prevent the
movement of the pipeline during heavy wave
activity. Sea outfall shall extend beyond the house
reef of the Island. The discharge point shall be a

minimum depth of 5m from the low tide level.

Following the emergence of the pipeline at depth, it
shall be secured with The pipeline will be fixed to
the ballast blocks with stainless steel straps and
secured with bolts of similar material cast into the
blocks. The pipes may be anchored with two
halves to encase the pipe in a concrete collar, with
through bolts securing the two halves together for
ease of bolt replacement. Ballast blocks shall be
placed at intervals of a minimum of 6m to center.
A “T” head diffuser will be fixed to the discharge
end of the ocean outfall pipeline to increase

dilution performance and dispersion of effluent.

2.8 Administration Building

An administration building will be located at the
site of the WWTP. An office space and laboratory
will be included for operators and WWTP
administration. The administration Building will
also serve as a storage facility with sufficient
covered vehicle parking space for a standby
generator set and service vehicle. In addition,
sufficient space will be available for the purpose of
maintenance of electrical equipment and
pumps/blowers associated with the sewerage

collection network and WWTP. Where appropriate
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lifting devices should be provided to enable lifting
for overhaul and maintenance activities of pump/
heavy plant and equipment. Adequate toilets and
wash facility shall be provided to cater for both
administration staff and plant operators.

2.9 Fencing and landscaping

The Administration Building shall be fenced inside
a lockable compound. The fencing shall be plastic
coated wire mesh and adequate provision shall be
made for

landscaping, and where possible

vegetative buffering

2.10 Roads and hardstand

Roads and hardstand shall be designed for a

minimum twenty (20) tons loading.

2.11 Pumping Station Stand-by Diesel Generator Set
(for lifting station and sewerage treatment

plant)

A mobile electric power generator unit, make of
international repute shall be supplied to provide
stand-by electric power to the sewage pumping
stations in case of island power network failure and
shall be equipped with a 3m water proof cable and
socket for power transfer.  Generator shall be
sound attenuated.

A fixed back- up generator should be provided for
the operations of the electro mechanical equipment
at the WWTP in case of mains power failure.

The generator shall be self-contained and be trailer
mounted with a minimum operational 3-phase
each SPS
(minimum 10 KVA- or as appropriate to start and
The

output of required capacity for

operate 2 pumps-duty and stand-by both).
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generator shall be powered by diesel electric start
engine and have a fuel tank of sufficient capacity

for 12 hours continuous operation.

Reasonable spare parts and replaceable fittings for
the stand-by generator and associated equipment
shall be provided by the supplier to ensure proper
and trouble free operation and maintenance for a

period of at least 1 year.

2.12 Sewer Jetting Equipment

A trailer mounted sewer jetting machine, make of
international repute shall be supplied. The sewer
jetting equipment shall include the following: (i)
high pressure hoses with hydraulically assisted
hose reel and jetting nozzel designed to provide
optimum performance on 100mm, 150mm and
200mm nominal diameter pipes where distances
between access points may be up to minimum
60meters, (ii) suitable for cleaning out house
connections with inspection chamber located on
private land with little access or working space
between the boundary wall and the superstructure,
and (iii) should be provided with its own power
source and water storage facilities and mounted
on its own trailer for transporting the equipment
within a nominal operating radius of 5km over both
surfaced and un-surfaced roads. Tank shell will be
electrically welded construction.

Where applicable a truck chassis mounted unit with
pump drive for the high pressure-jetting pump
tapped from a new generation total power take off
(split shaft P.T.O.). The total power take off shall
be fitted with one independent output drive shaft.
The tank will be mounted on an auxiliary

frame and will be adequately strengthened to
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render its torque. The auxiliary frame will be
manufactured to the size of vehicle’s chassis and

will be of an electrically welded construction.

The sewer jetting machine must meet the following
minimum specification:

Tank: Technical data
Capacity: 1000 Litre
Construction: Cylindrical, Shell with torrispherical
dished end
Material: 5 mm thick non corrosive shell, dished
end and internal, a proxy coated inside and outside
Vacuum capacity: minimum 85%
Maximum operating pressure range: -0.90 to 1 bar

gauge tank pressure. Test Pressure: 1.5 bar gauge

High Pressure Jetting System

System: Triplex plunger Pump

Make: International Reputed

Stroke : 40 mm

Motor / Power unit: Diesel engine with electric
start Water Pump Delivery Capacity: nominal 60
LPM (Range 30-60 LPM)

Pressure: nominal 100 Bar (Range 60-120 Bar)
High Pressure Hose Reel: 60m
Material: Rubber

Make: Reputed

Hydraulically drive hose reel: minimum 50m
length

Working Pressure:; 215 bar

The high pressure jetting system will be adequately
protected by incorporating a suction filter, relief
valve. The trailer will be supplied by the supplier
and delivered with a factory fitted side Power
Taking off (PTO).

3 Technical Requirements
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3.1 General Requirements

Where this specification refers to approval for
acceptance of materials, supplies, workmanship,
execution of works, and tests it is typically to
approval by an engineer who is suitably qualified,
experienced and employed for the purpose of
giving such approvals.

Where this specification refers to the undertaking,
carrying out, execution, or remedy of works it is
typically referring to the relevant trade contractor
who is suitably qualified, experienced and
employed for the purpose of undertaking, carrying

out, execution, or remedy of such works.

3.1.1  Materials not others specified.

Unless otherwise specified, all materials and plant
incorporated in the permanent work shall be new.
Materials not otherwise designated by detailed
specifications shall be of the best commercial

quality and suitable for the purpose intended.

3.1.2  Substitutions

Substitution of materials other than those specified
will only be approved by if the material proposed
for substitution is equal or superior to the
material specified; or that the material specified
cannot be delivered to the work site in time to
complete the work. To receive consideration,
request for substitution shall be accompanied by
documentary proof of quality in the form of
certified quotations and guaranteed date of delivery
from suppliers of both the specified and the
proposed substituted materials.

3.1.3  Standard Specifications
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Except as otherwise indicated in these Technical
Specifications, the all Works undertaken shall
comply with the latest adopted edition of the
Standard Specifications as used by the Ministry of
Environment and Energy (MEE) or other relevant
authorities.

3.1.4  Access to the private property

Written permission of the property owner and the
Island Office must be obtained for entry on to
private property and to obtain the rights of way for
the laying of house laterals.

3.1.5 Water and Power Supply

Water required for general use may be drawn from
groundwater wells such that it should not cause an
intrusion of saline water from below or adverse
effects on adjacent property wells. Where ground
water is not suitable for concreting work allowance
shall be made for acquiring sufficient quantities for
use in concreting work either from rain harvesting
or desalination.

All water pumped or drained from the works shall
be directed through settlement tanks of adequate
capacity to remove silt before being disposed of in
an approved manner and location. Groundwater
will not be discharged to the sea unless if disposed
of into the groundwater water table its salinity
would be detrimental to that groundwater.

Where pumped or drained groundwater is
suspected of being saline its electrical conductivity
should be tested before determining the manner
and location of disposal.

Arrangements may be made with the island office
for the supply of temporary electricity services
during construction. Where connection from local
mains is not possible allowance shall be made for a

suitable generating plant.
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3.1.6  Public Utilities and Other Services

All utility and service providers (i.e. electricity,
telephones, cable TV, etc.) shall be consulted with
prior to commencing any excavations, have utility
lines located and marked in the field, and have all
rights-of-way cleared through the Island Office.
Arrangements for diversion or removal of services
may be required because of the proposed method
of working.

3.1.7  Pre commencement photographs

Colour photographs at locations of the works
should be taken prior to commencement of works
to demonstrate conditions of the site before work
commences progress, during the construction
period and after completion of the works.

3.1.8  Vegetation management

All works should avoid un-necessary disturbance
Only the

removal of plants and trees totally necessary for the

or removal of garden plants and trees.

construction of the works shall be permitted.

Only the approved working area required for laying
of pipelines and construction of pumping stations
and treatment facilities shall be cleared of shrubs,
plants, bushes, large roots, rubbish and other
surface materials. All such materials required to be
removed shall be disposed of in an approved
manner. All trees and shrubbery that are to remain
shall be adequately protected and preserved in an
approved manner.

Approval may be required from the Island Office
for the rights of way, for which a provisional sum
may be allocated for replacement or compensation.
3.1.9  Setting out of Works
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Working or construction lines and grades shall be
established as required. Stakes and other such
materials shall be provided and maintained. All
points, stakes, grade marks and bench marks made
or established on the work, shall be safeguarded
any work done beyond the lines, levels and limits
shown on the drawings shall be rectified.

3.1.10 Cooperation at Site

All work shall be carried out in such a way as to
allow access and afford all reasonable facilities to
persons including others who may be employed in
the execution and/or operation at or near the site of
any work in connection or otherwise.

3.1.11 Protection of Work and Public

Precautions shall at all times be exercised for the
protection of labor employed and public life and
property at and around the sites of work. The
safety provisions of applicable laws, building
and construction codes shall be observed.
Machinery, equipment and all hazards shall be
guarded against or eliminated.

During the execution of the work, and maintain
during the night time barriers and lights shall be
erected so as to effectively prevent accidents.
Barricades, red light "Danger" or "Caution™ signs
and watchmen shall be placed at all places where
the work causes obstructions to the normal traffic

or constitutes in any way a hazard to the public.

3.1.12 Environmental Protection

All necessary actions shall be taken to ensure that
the local environment is protected and that
groundwater, soil and air are kept free from

pollution (including noise) due to the works
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being undertaken.

An Environmental Management Plan based on the
the
Environmental Impact Assessment report shall be

monitoring  requirements  of approved
implemented for both construction and operations
phases.

3.1.13 Final Clearance of Site

On completion of work, all constructional plant,
rubbish,

temporary works of every kind shall be clear away

surplus  materials, scaffoldings and
and removed from the site leaving whole of the site

and works in a clean condition.

4 Technical Specifications

4.1 Excavation - General

All excavation of whatever substance encountered
shall be performed to the depths and widths
indicated or as otherwise specified.  During
excavation material suitable for backfilling shall be
stockpiled in an orderly manner at a sufficient
distance from the banks of the excavation to avoid
overloading and to prevent sides from caving in.

for

Topsoil shall be stockpiled separately,

subsequent reuse as necessary. All excavated
material unsuitable or not required for backfilling
shall be removed to an approved location.
Excavation in the streets shall be carried in such a
manner that street passage is not blocked by
excavated material. Grading shall be done as may
be necessary to prevent surface water from flowing
into trenches or other excavations.

Adequate precautions must be in place to prevent
‘boiling’ of the sub-soil that would make the
formation for pipelines or structures unsound.

Unsound material or soft spots naturally occurring
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in the bottom of any excavation shall be removed
and disposed of and the resulting void shall be
filled with a suitable material or concrete.

The term "earth" shall include all materials which
does not require blasting, barring or wedging for
removal from its original bed.

Material that requires blasting, barring or wedging
for removal from its original bed will be classed as

“rock”.

4.1.1 Excavation of Trenches for Pipes

Unless otherwise approved, not more than 30
meters of any trench in advance of the end of the
pipeline already laid shall be opened at any time.
The width and depth of pipeline trenches will be as
indicated in the drawings.

Depressions for joints shall be dug after the trench
bottom has been graded. The pipe, except for joints
shall rest on the prepared bottom for its full length.
Large stones shall be removed to avoid point
bearing. Whenever wet or otherwise unsuitable
material that is incapable of properly supporting
the pipe, as determined by the Engineer, is
encountered in the bottom of the trench, such
material shall be removed to the depth required and
the trench backfilled to the proper grade with
coarse sand, or other suitable approved granular
material.

4.1.2 Excavation for Structures

When foundation level is reached, exposed
ground shall be inspected. Further excavation
may be required. Where excavation is to be
covered by a permanent structure construction on
that foundation shall commence.

If the foundation excavation deteriorates due to
it shall

exposure, be made good prior to
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construction on that foundation.

4.1.3 Shoring of Buildings

As part of the work under the excavation all
buildings, walls and other structures, the stability of
which is liable to be endangered by the execution
of the work shall be shored up.

Should any such property, structures, installations
or services be endangered or damaged as a result of
the works any such danger or damage shall be
and remedial measures

reported approved

undertaken.

4.1.4 Shoring of Excavations

If ordinary open cut excavation is not possible or
advisable, sheeting and bracing shall be furnished
and installed in excavations to prevent damage and
delay to the work and to provide working
conditions which are necessary for the safety of the
work, the general public and adjacent property.

Sheeting and bracing shall be removed as the work
progresses and in such a manner as to prevent
damage to finished work and adjacent structures
and property. As soon as it is withdrawn, all voids
left by the sheeting and bracing shall be carefully

filled with selected material and compacted.

415 Maintenance of Excavations

All excavations shall be properly maintained,
while they are open and exposed, both during day
and night. Sufficient suitable barricades, warning

lights, signs, and similar items shall be provided.

4.1.6 Dewatering of Excavations
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As part of the work under the excavation drains
and ditching, pumping, bailing and other necessary
works shall be carried out to keep the excavation
clear of sewage and extraneous water during the
progress of the work and until the finished work is
safe. Necessary precautions against flooding and
floatation of structures, such as septic tanks and
sewage pumping stations shall be taken.

Care shall be taken to avoid excessive de-watering
that would cause damage or draw down of the

fresh groundwater used for household use.

4.1.7 Shoring and Sheeting Left in Place

Shoring and sheeting piling may be left in place for
purpose of preventing injury to the structures, other
property or persons, whether such sheeting was
shown on drawings or placed at direction, or
otherwise. If left in place, such sheeting shall be cut
off at approved elevation. The sheeting remaining

in place shall be driven in tight.

4.1.8 Protection of Existing Services

Special care shall be taken with existing subsurface
services likely to be encountered during the
execution of work which require special precaution
for their protection, such as sewers, drain pipes,
water mains, electric cables, telephone cables and

the foundations of adjacent structures.

4.1.9 Backfilling of Material

Backfill material for structures and trenches shall
consist of excavated soil which is free from stones
and clay lumps larger than 75mm in any dimension
and also free from timber, rubbish and other debris.

It shall exclude clay of liquid limit greater than 80
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and/or plastic limit greater than 55 or materials of
Backfill
material shall have enough moisture for proper

excessively high moisture content.

compaction, and shall be compacted in an

approved manner.

4.1.10 Backfilling for Trenches

Trenches for sewers, drain pipes, water lines, etc.,
shall be backfilled to the ground surface with
selected excavated material other material
that

Trenches improperly backfilled shall be reopened

or

is suitable for proper compaction.
to the depth required for proper compaction, then
refilled and compacted to the specified density.
Normal backfilling operations in trenches shall be
carried out as follows:

1. In the lower portion of the trench the
backfill material, up to a level of at least
300mm over the top of the pipe line, shall
be deposited in layers not more than 200mm
thick and compacted with approved type

The
backfill material in this portion of trench
shall

approved quality, free from stones and hard

tampers to the density specified.

consist of excavated materials of

pieces larger than 40mm in any dimension,
and also free from timber, rubbish and other
debris.

be

backfilled with excavated material free from

2. The remainder of the trench shall

a stones and hard pieces larger than 75mm
in any dimension and also free from timber,
rubbish and other debris, deposited in layers
not more than 300mm thick and compacted
with approved tampers to the density

specified.
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Required compaction for normal trench backfilling,
as specified above, shall be 85 per cent of
maximum density.

After the completion of the backfilling and
satisfactory compaction, finished grading of the
site to such grades and elevations as may be shown
on the drawings or required for proper drainage of
the site shall be undertaken.

4.1.11 Disposal of Surplus Excavated Material

All surplus material excavated shall be disposed of
at approved locations. When it is necessary to haul
earth material over streets or pavements, such
material shall be prevented from falling on the
streets or pavements.

Contaminated demolition waste from the removal
of old septic tanks will be sterilized with lime
powder, or other approved method, and disposed of

at an approved locations.

4.1.12 Topsoil

Topsoil which has been stockpiled during
excavation may be required for the top 150mm of
backfill. In such circumstances the topsoil shall be
saturated with fresh groundwater and after it has

dried, shall be spread to the required final grade.

4.1.13 Earth Borrow (brought from outside)

Where satisfactory materials for trench backfill and
filling of depressions to the required level are not
available in sufficient gquantities from the on-site
shall  be

excavations, satisfactory materials

obtained from other approved sources.

4.2 Pipelaying
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4.2.1 Handling and Transportation of Pipes on

Site

Plastic sewer pipes shall be handled with care at all
times, while transporting to the site of work, and
while installing. The pipes should not be kept
exposed to direct sunlight for lengthy periods
during transportation and installation process. They
shall be stored in a cool place free from sunlight
until needed. Each pipe shall be carefully
inspected according to standard specification
requirements upon delivery and before being laid.
No cracked, broken or defective pipe shall be used
in the work. Chipping of the tongue and groove or
bell and spigot pipe ends may be sufficient cause
for the rejection of any pipe.

4.2.2 Trench Bedding and Pipe Protection

The applicable bedding material as per schedule
given on the drawings should be placed as soon as
the trench conditions allow. Three types of

bedding may be used:

(). Granular Bedding Class A
(ii). Concrete Haunching Class B

(iii). Concrete Encasement Class C

Granular Bedding: This is designated as Class A
bedding.

fine/coarse sand free of stone.

It will be a composed of clean
If any trench
bottom is excavated below the grade shown on the
drawings, it shall be refilled to the required level
with bedding material and thoroughly compacted
into place.

Concrete Haunching: This is designated as Class B
bedding. The trench shall be filled and compacted
up to half of the pipe’s diameter with granular
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material as specified for Class A bedding and the
upper part will be encased in concrete. Concrete
shall be un-reinforced of the Class shown on the
drawings.

Concrete Encasement: This is designated as Class
C bedding. The concrete shall be of the Class
shown on the drawings. Each pipe to be encased
shall be supported on at least two points with pre-
cast concrete wedge blocks. The wedge blocks
should be located at a distance L/4 from the joint.
pipe
shall be
placed and tamped beneath the pipe, followed by

To avoid movement of the during

concreting the concrete carefully

pouring of concrete on both side of the pipe.

423  Laying of Sewers

All sewers shall be constructed and laid with a true
grade and in straight lines between manholes. The
sewers shall be laid with the aid of suitable boning
rods and sight rails at intervals not exceeding 10
meters. The use of laser instruments for setting the
sewer pipes to line and grade may be used. With
both methods, the pipes will also be checked by
accurate leveling along the invert line of the sewer
by means of leveling instruments.

No sewer pipe or bedding shall be laid or placed
until the trench condition and the alignment of the
sewer and its levels and gradients have been
carefully checked and found correct.

Each pipe shall be placed carefully to line and
grade. The work shall be rejected if the sewer
invert varies by as much as +2 to £3 mm of the
pipe internal diameter from the proper elevation as
shown on the drawings.

When laying is not in progress, open pipes shall be

sealed to prevent the entry of unwanted material
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into the pipeline.

424  Pipe Jointing

All pipe joints shall be made strictly in accordance
with the manufacturer's recommendations. Joint
rings and gaskets shall be stored until needed in a
cool place free from direct sunlight. Before making
any joint the interior of each pipe or fitting shall be
clean. Special care shall be taken to see that the
axis of the pipe to be laid forms one straight line
with the axis of the previously laid pipe. Spigot and
socket ends shall be central with regard to each
other.

The following measures shall be taken for joints
made with the "sliding method". The rubber ring,
the edge as well as the internal slide surface of the
pipe socket shall be coated with a non-acid
lubricant which satisfies the pipe and rubber ring
manufacturers.

For joints executed by "rolling" of the rubber ring,
the spigot and socket ends and the rubber ring shall
be completely dry and clean before insertion of the
joint. The positioning of the rubber ring shall be
such that twisting is prevented while the
circumferential stress is applied before each joint is
made.

Flexible joints on pipes shall have the angular
space between the pipe and the socket or coupling
ring protected to prevent the ingress of loose
material or concrete by a Hessian band or ring or
other approved method.

The jointing of uPVC pipes with solvent cement
shall not be permitted.

4.25  Pipes and Joints Adjacent to Structures |

A flexible joint shall be provided as close as is
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feasible to the outside face of any structure into
which the pipe is built, compatible with the
satisfactory completion and subsequent movement
of the joint.

The first pipe (rocker pipe) that is clear of the
external face of a concrete wall or structure shall be
a short length of either spigot and socket or double
spigot to suit the flow direction and pipe material.
The effective length of this pipe shall be 2 times
the nominal bore or 600 millimetres whichever is
the greater.

A pipeline may, where practicable, be laid through
a manhole and the crown cut out to the half
diameter, provided flexible joints are situated on
each side, no further than 600 mm from the inner
face of the manhole wall, and that adjacent pipes
comply with requirements specified.

Any over-excavation adjacent to a structure and
beneath the formation level of a pipe trench or
excavation to make a connection to a plugged or
be backfilled to the

formation level of the pipe trench with compacted

capped pipe laid shall

granular backfill material. This compacted material
shall extend to the limit of the over-excavation
along the line of the pipe trench and across the full
width of the pipe trench or to the limit of the
excavation whichever is the lesser.

4.2.6  Connecting of Existing pipes

Where a connection of any kind is to be made into
an existing pipe, such as connecting to household
wastewater pipes, the connection shall be inspected
and verified at the start of the work.

The period of interruptions of the existing service
pipeline shall be kept to the minimum and

coordination with the Island Office and property
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occupier/owner.

4.2.7  Cleaning Pipelines

During installation the interior must be kept clean
of pipes clean and free from water, dirt,
stones, rubbish and other foreign matter. Upon
completion of laying and jointing the interior of
the pipes shall be thoroughly flushed to remove
remaining traces of foreign matter and
thereafter maintained in such condition.

4.3 Pipe Manufacture and Supply Quality

Assurance
4.3.1 Materials standard

Except where otherwise specified all materials
shall comply with the standards of the International
Organization for Standardization (ISO). Materials
may be supplied to a different international code or
specification only if it can be shown that the
product offered is of equal standard

The supplier may be requested to present copies of
standards together with their English translations
for use during inspection and testing.

4.3.2 Test Certificates

Certificates in triplicate shall be provided by the
Supplier for each diameter of pipe and fittings
supplied giving the process of manufacture and the
results of the specified tests.

Similar certificates in triplicate shall be provided
by the Supplier in respect of materials to be used in
the manufacture of the pipes and fittings giving
the process of manufacture, chemical analysis
(where relevant) and the results of specified tests.
The materials shall be suitably marked to enable
them to be identified from references on the

certificates.
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4.3.3 Independent and Local Tests

Independent or local tests on the pipes and fittings | .. ..

o ¢ - 00 ¢~ s X
Y e AA E/“/“.?/‘/f ASOVo
- s 2z

may be undertaken. Any pipes and fittings which | ,, ....

e 5545 ph saRFAAAZ SRIRS. 23355
are shown by such independent tests not to be in o cromos

,9/1/“/’/“.?-/ r—poo2 N>

accordance with the specifications shall be rejected

not withstanding any previous certificates, which 2885 Sae— 1
may have been provided. BET54 a8 LeiABS ZALSE 232 2202

4.3.4 Quality Assurance Certificates
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Transportation of any material shall be by suitable
vehicles which when loaded does not cause
spillage and all loads shall be suitably secured. All
vehicles must comply with this requirement or any
local traffic regulations and laws.

All materials and equipment when delivered shall
be stacked and stored in a manner suitable to
protect them against slippage, damage, breakage,
pilferage etc.

The following must be observed:

A. Delivery of Materials: Piping materials shall be
delivered in original, unbroken packages,
containers, or bundles bearing the name of the
manufacturer.
B. Storage: Piping materials shall be carefully
stored in @ manner that will prevent damage and in
an area that is protected from sunlight and other

harmful elements.

4.6  Joints Rings and Lubricants

Rubber rings for jointing pipes shall comply with
BS 2494 or equivalent and shall be Type 2.

Rubber rings shall be manufactured from synthetic
rubber and shall be suitable for the environmental
conditions in service and for the pipe life
expectancy. Subject to the aforementioned
conditions rubber rings shall be manufactured from
EPDM, SBR or nitrile rubber (NBR).

Rubber joint rings shall be obtained from the
manufacturers of the pipes to be jointed.

Joint lubricants for sliding joints shall have no
deleterious effects on either the joint rings or pipes
and shall be unaffected by the liquid to be

conveyed.

4.7
47.1

Concrete Works
Certificates
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A minimum of 2weeks prior to starting concrete
work material test data and certification shall be
provided by a qualified independent inspection and
testing laboratory to certify that mix proportions
selected will produce concrete of quality, yield and
strength and will comply with BSEN 206-1 or
equivalent for:

1. Portland cement, sulphate resistant cement

2. Supplementary cementing materials.

3. Admixtures.

4. Aggregates.

5. Water.

47.2  Type of Cement

Unless otherwise approved cement shall be:
* Ordinary Portland cement complying with
BS 12 or equivalent;
»  Sulfate resisting cement complying with BS

4027 or equivalent.

The cement shall either be delivered in sealed bags
marked with the manufacturer's name or in bulk
High

in any

consignments in an approved manner.

alumina cement shall not be used

circumstance.

473 Tests of Cement

Test certificates relating to each consignment of
cement shall be provided. Each certificate shall
show that a sample of the consignment has been
tested by the manufacture or by an approved
laboratory and that it complies in all respects to the
relevant Standard.

Samples of cement may be taken on delivery to
Site, during storage or on the Site for testing at a
nominated laboratory.

No cement from any consignment shall be used

without the approval and a record shall maintain of
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the locations of the concrete made from each
consignment.

If cement has been stored on the site for more than
40 days new tests may be required to check
whether the cement is still conforming to the

requirements.

474  Delivery and Storage of Cement

All cement shall be delivered to the Site in properly
and permanently marked; sound and sealed paper
bags or other approved containers. Cement from
abroad shall be packed in sealed plastic bags and
placed inside paper bags.

Cement shall be delivered in quantities sufficient to
ensure the proper progress of the Works. Cement
when being conveyed to the island on landing craft
or a ship, and to the worksite in lorries or other
vehicles, shall be adequately protected from the
weather and from contamination by dust, sand or
any Organic materials. Any Cement which shall
prove to have been exposed to damage by water
will be rejected upon delivery.

All cement shall be stored in a weatherproof,
waterproof and reasonably airtight condition
The base of

cement storage facility shall be raised at least 300

provided solely to that purpose.

mm above the ground level to prevent the

absorption of moisture.

475  Rejection of Cement

Notwithstanding the receipt of a test certificate
cement may be rejected as a result of further tests.
Cement which has deteriorated owing to
inadequate protection or other causes may be
rejected. Rejected cement shall be removed from

the Site without delay.
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47,6 Mixes

Proportion normal density concrete shall be in
accordance with BSEN 206-1 or equivalent,
Alternative 1, to give the following properties for

all concrete:

1. Portland cement, sulphate resistant.

2. Minimum compressive strength at 28 days
for concrete structures not in contact with
water: 25MPa, unless indicate otherwise.

3. Minimum compressive strength at 28 days
for concrete structures in contact with

water unless indicated otherwise
4.  Minimum compressive strength at 28 days
for lean concrete unless indicate otherwise.
6. Class of exposure: severe salt water.
7. Nominal size of coarse aggregate: 20mm.
8. Slump at point of discharge: 80mm =
30mm.
9. Chemical admixtures: in accordance with
ASTM C494 or equivalent
4.8
48.1

1. Verify lines, levels and centers before

Execution

Formwork

proceeding with formwork/false work and
ensure dimensions agree with drawings.

2. Fabricate and erect formwork to produce
finished concrete conforming to shape,
dimensions, locations and levels indicated
within tolerances required by CSA-A23.1.

3. Align form joints and make watertight.
Keep form joints to minimum.

4. Build in anchors, sleeves, and other inserts
required to accommodate work specified in

other sections.
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48.2

48.3

Leave formwork in place until concrete has
attained sufficient strength to sustain all
loadings.
Provide all necessary reshoring of members
where early removal of forms may be
required or where members may be
subjected to additional loads during
construction as required.
Re-use formwork subject to requirements of
international standards.
Coat forms with approved water based form
release agent.

Placing Reinforcement

Clean reinforcing of rust build-up, mill
scale or other coating that prevent or
reduce bond.

Place reinforcing steel as indicated on
reviewed placing drawings and in
accordance with CSA— A23.1.
Protect epoxy coated portions of bars with
covering  during transportation  and
handling.
Touch — up damaged and cut ends of epoxy
coated or galvanized reinforcing steel with
compatible finish to provide continuous
coating.
Prior to placing concrete, obtain Engineer’s
approval of reinforcing material and
placement.

Preparation
Pumping of concrete is permitted only after
approval of equipment and mix. All
constructional plant and materials required,
or which may be required during the
concrete work and for curing shall be on
site.

Prior to placing of concrete obtain approval
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of proposed method for protection of SAAFSALAZ ALAS

concrete during placing and curing. Sslpiv 238558 EXSAE Lpl S35 E.0AT 2
3. Ensure reinforcement and inserts are not 552 123 _:,,,;; S 232281 :,;E,;;;f;,fj;
disturbed during concrete placement. 153333544
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and openings greater than 100x100 mm not

indicated must be approved.

11. Do not eliminate or displace




reinforcement to accommodate hardware.
If inserts cannot be located as specified,
obtain approval of modifications before
placing concrete.
12. Check locations and sizes of sleeves and
openings shown on drawing.
13. Place anchor bolts to templates under
supervision of trade supplying anchors
prior to placing concrete.
14. Use only tools and handling equipment that
are clear of rust or other harmful and
foreign material to avoid efflorescence and
staining of slabs or hardened concrete.
15. Use concrete pumps to place concrete only
with approval of methods, equipment and
mix design.
16. Provide continuous supervision during
placement of concrete including concrete
grout to ensure reinforcing steel s
maintained in correct position.
When

27°C, measures shall be placed in affect

10. ambient temperature  exceeds
to minimize concrete temperature to less
than 35 °C for sections less than 0.3m thick
to include shading of aggregate piles.

4.8.5 Placing Grout

Grout where indicated using procedures in
accordance with manufacturer’s recommendation

which results in 100% contact over grouted area.

486 Joint Fillers

Furnish filler for each joint in single piece for

depth and width required for joint, unless
otherwise authorized by Engineer. When more than
one piece is required for a joint, fasten abutting

ends and hold securely to shape by stapling or
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other positive fastening.

48.7 Tolerance

Concrete tolerance in accordance with CSA -
A23.1, straight edge method.

4.8.8  Finishing
1. Finish concrete in accordance with CSA -
A23.1.

2. Use smooth form finish for all concrete
surfaces. Use form facing material that will
produce a smooth, hard, uniform texture
on the concrete. Do not use material with
raised grain, torn surfaces, worn edges,
patches, dents or other defects that will
impair the texture of the concrete surface.
Patch the holes and the defects. Remove
fins exceeding 5mm in height.

3. Rub exposed sharp edges of concrete with
carborundum to produce 3mm radius edges
unless otherwise indicated.

4. Use curing compounds compatible with
applied finish on concrete surfaces. Provide
written declaration that compounds used
are compatible.

489 Protection

When rate of surface moisture evaporation for
concrete surfaces exceeds 0.75kg/m#/hr, measures
shall be taken to prevent rapid loss of moisture
consisting of one or more of the following:
1. Dampening forms prior to placing
concrete.
2. Erecting sun shades over concrete.
3. Lowering concrete temperature.

5. Covering concrete with white polyethylene
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sheeting.

6. Applying fog spray.

7. Beginning the concrete curing immediately
after finishing.

8. Placing and finishing at night.

Material must be available on site to protect the
surface of plastic at contact from rain.

4.8.10 Curing
1. Approved fabric mats or burlap covers.
2. Keep surface continuously wet.

3. Leave form in place for five (5) days.

4.9 Road work’s
49.1 General

The roads and pedestrian access pavements to be
reinstated may include the following types of

surfacing:
» sand-gravel roads and foot paths
concrete accesses and pavements

be

constructed with coral sand-gravel pavements

Roadways within the project Sites shall

unless shown otherwise.

4,10 Granular Materials

Granular sub-base material shall be natural
sands, gravels, crushed rock or crushed
concrete.  The material shall be well graded and

lie within the following grading limits:

BS 410 Test Percentage by Mass Passing
Sieve Type 1 Type 2
75 mm 100 100
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37.5mm 85-100 85100 | Pargs SARELERE 4E 23k D uF S3ES
10 mm 40-70 45100 | 45257 SaSee ph aFesPIN2 Piien pRRRAC
5 mm 2545 2585 1558 3CREz,
600 mm 8-22 8-45 S8R5 Fuiri 23| B 8¢ BSALD
75 mm 0-10 0-10 2 2 | 2z
100 100 75 mm
Where granular sub-base material is to be used 85-100 85-100 37.5mm
within 450 mm of the surface of any road, a 45-100 40-70 10 mm
certificate confirming that the material has a heave 25-85 25-45 Smm
not greater than 15 mm when subjected to the frost 8-85 8-22 600 mm
test as specified in BS 812: Part 124 or equivalent 0-10 0-10 75 mm

shall be provided Natural sands and gravels shall
only be permitted in Type 2 material.

The particle size shall be determined by the
washing and sieving method of BS 812: Part 103
or equivalent. The material passing a 425 'm BS
sieve , when tested in accordance with BS 1377:
Part 2 or equivalent, shall be non-plastic for Type 1
and have a Plasticity Index of less than 6 for Type
2.

With the exception of well burnt shale, the material
shall have a ‘ten per cent fines' value of 50 kN or
more when tested in accordance with BS 812: Part
111 or equivalent.

411 Earth works for Roads

4111 General

Where the dry density of the natural ground within
500 mm depth of the formation level is below 95%
of the maximum dry density as determined in
accordance with BS 1377 or equivalent, the
subgrade material shall be reworked and
compacted.  During wet weather conditions,
particular attention shall be paid to the requirement
that fill shall be compacted with a slight outward

slope to ensure good run-off of surface water.
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Material excavated out of the road bed which is

suitable for use in fill, shall be used for filling as far

as this is practicable.

4112 Filling of Excavations beneath Site
Roads

Excavations for pipelines laid under site roads shall
be back filled with sand to BS 882: Grade C Sand
or equivalent.

Filling shall be built up evenly over the full width
and compacted in layers not exceeding 300 mm in
depth at the optimum moisture content.  The
moisture content of the sand may require
adjustment to that required to attain maximum
density. Sand which contains insufficient moisture
to obtain the desired compaction will require the
incorporation of additional water by the use of
approved sprinklers and mixing.

Layers more than 300 mm below road formation
shall be compacted to 90% of the maximum dry
density determined according to BS 1377 Test 12
or 14 or equivalent. Layers less than 300 mm
below road formation level shall be compacted to
95 % of the maximum dry density determined
according to the aforementioned standard method.
Sand laid immediately adjacent to a structure
concrete wall or thrust, block shall be well
compacted. Hand operated vibrating plate
compactors vibro-tampers or power rammers shall
be used. In other cases compaction shall be carried
out by vibrating compactors smooth wheel or
pneumatic tyre rollers of types approved by the
Engineer.

Excavations for pipelines laid otherwise and for all
other structures beneath the carriageways shall be
back filled with lean mix concrete. This concrete

shall comprise proportions by weight of 1 part of

325 4111
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cement: 3 parts of sand: 6 parts of aggregate with a

maximum size of 40 mm.

4.11.3 Finish and Protection of Subgrade

When the sub-grade has been compacted to the
required degree, the surface shall have a formation
parallel to the finished surface of the carriageway
and to the correct levels and cross-section.

The finished surface of the sub-grade shall be
approved before any sub-base material is placed.
been
shall be

The sub- grade, once it has finally

compacted, shaped and approved,
protected and kept well drained.

Plant and materials shall not be stored or stockpiled
on the formation. Traffic shall not be permitted to
pass over

the completed sub-grade unless

otherwise approved.
4.11.4 Material and Construction of Sub-Grade

All material shall be placed, spread evenly and
shall  be

The material shall be

compacted; spreading undertaken
concurrently with placing.
spread in one or more layers so that after
compaction the total thickness is as required.
Compaction of the sub-base shall be to 98% of the
maximum dry density as determined in accordance
with BS 1377 or equivalent and shall be completed
as soon as possible after material has been spread.
Where compacting plant is of insufficient capacity,
the sub-base shall be laid in two or more layers.
During the construction period the sub-base shall
be maintained in such a condition that it will be
drained at all times. The outflow shall be diverted
away from the construction at all times. The
outflow shall be diverted away from the

construction in order to prevent erosion.
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4115 Requirements for Compaction

Vibratory compacting plant may be used. The
number of passes to be made will be determined
having regard to the characteristics of the plant to
be employed and the material to be used.

If necessary, test specimens shall be taken to
determine the optimum method of compaction.
The surface of any layer of material shall, on
completion of compaction, be well closed, free
from movement under compaction plant and free
from compaction planes.

All loose, segregated or otherwise defective areas
shall be made good to the full thickness of the layer

and re-compacted.
4116 Drainage

Surface water drainage to Site roads hard-standings
and access roads consists of a cross-fall on the
surface of the roads or paved areas draining to the
adjoining ground.

Where surface water drainage is provided for roads
it shall consist of piped drainage. Where
practicable drainage work shall be completed
before road works are commenced. Trenches for
piped drainage shall be excavated to the minimum
dimensions necessary for the proper construction
of the Works, and after pipes have been laid, tested
and, where specified, surrounded with gravel or
concrete, the trenches shall be back-filled with
excavated material and compacted to a dry density
equal to that of the adjacent ground. Surplus
excavated material shall be disposed off Site.

Pipes shall be laid to the required lines and levels.
Pipes shall be haunched or surrounded with

concrete as necessary.
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Porous pipes shall be laid dry jointed and shall be
Surrounded with gravel. Brickwork manholes and
gullies shall be constructed complete with cast iron
covers or gully gratings.

4.11.7 Footpaths

The formation and sub-grade for footpaths shall be
prepared as specified for roads, except that pro of
rolling will not be required.

Edging to footpaths shall be of pre-cast concrete. It
shall be bedded in concrete foundation shaped up
as necessary.

No sub-base will be required for footpaths. The
base shall be as specified for road base, laid and

compacted to a minimum thickness of 75 mm
using a roller of not less than 2.5 tonne mass or
other approved equipment giving equivalent
compaction.

Where a flexible final surface is specified the base
course shall be sealed with a coat of cut-back
bitumen,

100 seconds grade sprayed on at the rate of 1.4
litres/m2 and shall be covered by a surfacing of 6
mm nominal size medium textured wearing course
macadam not less than 25 mm thick made and laid
in accordance with BS 4987.

Where concrete flags are specified as the final
surface, they shall be bedded on a layer of sand
approximately 50 mm thick, laid on to the base
course. Joints shall be made 3:1 sand-cement
mortar. Paths surfaced with concrete flags will not

normally have pre-cast concrete edgings.

4,12  Electrical and Instruments and Control
Equipment
4121  Workmanship and Materials
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Generally all materials and standards shall comply
with the relevant requirements of the appropriate
local electrical regulations for the Maldives.
When no such specification is available, the
relevant British Standard shall apply. Materials
and workmanship throughout shall be in
accordance with the generally accepted best
practice  for projects of this type and scope.
Compliance certification, documentation, testing
and metering is required by Maldives regulations.

4122 Reference Standards

All the components of the system shall satisfy
BS EN60654 or

conditions for industrial process measurement and

equivalent,  Operating
control and quality procedures as per BS5750 or
equivalent, and the
protection as laid down in BS EN 60529 or

requirements of ingress

equivalent. Protection from Radio frequency
interferences as brought out in the various British
standards shall also be ensured. Instrumentation
cables shall satisfy BS 5308 or equivalent

requirements and in respect of symbolic
representation of process control functions and
instruments BS1646 or equivalent shall be

applicable.

All equipment shall operate with 240 V +10%,-
15% 50 HZ ac. The design and quality of all
instruments sensors and controllers and other
equipment shall be fully suited to the conditions,
which will be met in service.

Analogue signals shall be 4-20 mA DC to BS
5863: Part 1:1986 or equivalent. They shall operate
over two wires and be isolated from earth. 1 -5V
DC signals shall only be permitted within the main

instrument enclosure.
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Analogue signals shall be so connected that the
failure of a remotely transmitted signal to another
panel will not affect other readings on instruments
operated by the same signal. Instrumentation cables
shall satisfy the requirements of BS 5308 Part1 and
part2 or equivalent and shall be armored and
shielded with twisted pair for noise immunity.
Indicating instruments shall be designed to
measure and indicate the quantities using the
following units:

»  Flow I/s Litres per second

» Level m Metres

e Pressure m.hd Metres head of water

Temperature °C Degree  Celsius
Concentration p.p.m Parts per million
Current A Amperes

» Voltage V Volts

*  Power W Wiatts

» Electrical Energy Whr  Watt-hours

Frequency Hz Hertz

»  Speed r.p.m Revolutions per minute

All instruments, gauges and control equipment
which perform similar duties shall be of uniform
type and manufacture throughout the scheme in
order to facilitate maintenance and the stocking of
spare parts.

Where applicable each instrument chassis shall be
easily removable from its housing for maintenance
without interrupting its signal.
All instrument bezels shall be finished to an
approved British Standard color.

Scales shall be clearly marked with black lettering
and graduations on a white background.
Instruments of the same type and range shall have

identical scales.

412.3 Electrical Works
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Connection shall be made to the point of supply
and power supply cables run to the main electrical
control panel in accordance with the requirements

of the power authority.
4124  Cabling

All unspecified cables shall be selected in
according to the relevant regulations, and to
the recommendation of manufacturer.

All electrical cabling shall be supplied and installed
from the point of supply to the electrical control
cabinet. From the electrical control cabinet cabling
shall be supplied and installed to motors and single
phase sockets. Cables runs shall be as approved.
The minimum sized cable to any motor shall be
2.5mma2.

Control cabling shall be carried out in PVC/PVC
multi-core cables or similar screened cables where
appropriate rated for a minimum of 600 volts. TPS
cables shall not be used as control cabling.

All cores of multi-core cables are to be terminated.
Terminals shall be DIN rail mounted. All
terminals shall be clearly labeled. Unused cables
shall be labeled spare. All cables shall be glanded.
Unscreened tails shall be kept as short as practical.
Separate 24 VDC power supplies shall be provided
for separate cabling shall be provided for
instrumentation, discrete control and power
cabling. Under no circumstances shall Low
Voltage (230V) and Extra Low Voltage (typically
24V or instrumentation signals) utilize a common
multi-core control cable.

Termination of cables shall be by way of
compression tools. Indent crimp tools are not to be

used.

4125 Cable Ladders, Trunking and Conduits
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All cables shall be installed in cable ducting. | 252, 7252228 Sz2.86 34 55520 Axis
Where a cabling is run outside, including | z; .5 22825 2.5%. Aagh528%0, SAA55

i z I

underground cabling, shall be runinin highimpact | 25,522, 27 24 VDC v35 ~322222% 25,555

PVC conduit colored orange. ~ Where it is not 5 (230V) 2o8e28 ¢ 255832 2555 5LR258 o5
buried, it shall be encased in timber, VHT conduit | ;2 24y :65;5‘5;5 Snfesg € zges:
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All cable ladders shall be manufactured from high-
grade aluminum and shall be of the extra heavy-

duty pattern. In corrosive atmospheres, cable | 22738  ~ZALAZ LF.50 gRsxp ARSEE
ladder shall be of rigid fiber-glass construction. All SoSge ASEERAE S8 §5.2 ARLAL SAALZE
changes in direction shall be made using
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manufactured for this purpose. An adequate
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support system shall be installed to support this s e -
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cable ladder and the ladder rack throughout the - ® - -
. . Sazl gREL PVC 82554 a2 R3AAAZ L5s5
installation. - - - -
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sized. All cable ladder, conduit and trucking is to e -
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be sized such that with all cables/wires installed, e
the ladder/trucking is to be no greater than . . .
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70% full on completion of installation. s . o o o e
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All electrical and mechanical equipment shall
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requirements of the Electrical Wiring Regulations. - 2 -
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Earth continuity conductors shall be provided -
. SEAPBRIEE 5 pll5aE 858 BT LELS 25
with all cables and securely bonded to the -z - -

item of equipment being supplied by the phase
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its length and bonded to the main earth at each end.
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The cable ladder is not to be used for bonding of

. P53
equipment.
Earthling conductors shall be run with all phase S Berl 4.12.6

conductors and shall be saddled system. Under no

circumstances shall earthling conductors take a




different route from the phase conductors.

The use of cable armoring as earth continuity
conductors is not approved.  Such armoring,
however, shall always be earth bonded.

Jointing of earth conductors is to be similar to
Cadweld brand, self-amalgamating tap over the
joint, completed with a cover of green insulating
tape.

Multi-core cables shall use the last core number as

the earth conductor.

4127 Junction Boxes

All junction boxes shall be manufactured from
GRP. Junction boxes shall be rated to I1P65.

4128 Socket Outlets and Switches

Socket outlets complying with BS4343 shall be
used. All outlets shall be protected by RCD units
or earth leakage breakers and be weather proof,
suitable for use outdoors.

Earth leakage protection devices, where installed,
shall be of the residual current core balance type

with a minimum of 3KA rating.

4129 Indicator instruments

All indication instruments shall have performances
in accordance with BS 89, dimensions to DIN
43700 and scale markings to DIN 43802. Class
index shall be between 1.0 and 5.0 depending on
the scale length.

Level indicators shall be scaled vertically, alarm
levels being indicated by red areas. Motor current
ammeters shall have red lines or movable pointers
to indicate motor full load current. Ranges shall
be arranged so that the normal working point
50% and 75%

is between of full-scale

zo0.- 0> occo-o0 > o- cee - o o0oc z >
SIS ARSI JAVA VIV SA PYRPYIA LA
z T e 4 - - e
oxo 2 o-rxzoxoc Zo0.- > ¢ o .- or o0oc
SVLPAA FPSIOSAA  AIIE 5K SHANS VAPV A
e rd rd e
3
(54

2 002 -

C - 3
AFIAV @ S0
e Cd

Z- 0rcc
vaavesor
-

¢cece zoecox>? -~ 0, 03 > ox o 7z 2¢
\SANSIPBIVAF APV LIV BAIrPIV P

Zz- 7

Z > -~ Or o ~ O0r 03 o ¢ce Zo0~- 0 2> -
i ASFr— Latlal -4t Tadd 5 Ealdaialatd S
- z -
cecr c 2003x oO~r - s ®0-r ~» cCcO0O~- 0
CIANFIAY LR FESIAK APPAAN SPINIFAVA
- - s -

or s s o- > cee 20~ 02 oc¢c Zce o-ce z 2
FSISIK SIS S SA SIS AAK L S IRV K
- - 2z -
2o Z o < oc¢cr 23 z 2 - ¢cecr ¢ 003 o <z
ALKA  SAD  AVPSY SRS SA PAFORXV 2 I)v® O 5
rd e d rd
ze o oce or > 2003 oo~ o0 > cecr ¢2003x
e Pl dd Pkl Tad d /2 fAVA PAI B Lokl Yad d
rd rd rd

[3 e

AF PV A SN

P Falyd -
oooc zo 7z - cecrrxoc 2, o~ O0r 0
£ e FalLal4 s prvIVAA N x@r sy

z - -

0~r 2, 0r 03 o z s 0Cr 2 o coc¢ cecrrro0

ALK PY VYV SV AN ASAL S 0NN ;O @I~
rd rd rd

cecec2>0¢CeC> O0rrxX 3%, P, 32, 0r0X O CC
FASI SIS AL SISV OFO VORPY LIV —F

o z o -ce 7 23 ¢ >~ 0r 02 - o < 4 z
R B s 4 ASsoS EF 2 vl Arverrr o5
- - P P
P o ¢ o ¢ c ¢ ¢ o c - 7 02 7 2 20 ¢
s F bo—porv v B A2V SAs VIRV
z
c cr ¢ 20023 o~ 0 > o ¢ o2, o o s 2
CPAF IRV L IDR SIS 29 S PA AL SIK DA
e z P

Zo0c¢ o ococ s 22 2 o o < o ~” 7 03 4 z

AL AP L9V ASOxV erags —sx@ v soXA
rd rd rd

s 7 - o o < oce o € cocc oc 2> 20xo0c¢

ASANLS PSS R SRS FOA — Ao <VvOSsAA

rd rd

- o0-r03x0 2 , 2% >, 0 - o0 2 o0-r o0rece (P o-

HPYLIVVOAA NSLOSAPINY ¥ @r—3 rA RV L-@ >
rd rd

ccceccor > o 2 ¢

BAICIIV Y v

© 0x o0 .- 00 -
—ve smrvrg 4127
20, 0 > - c 2 7, 0¢C 2 ¢ ©oc¢ o~ 0 0 - z 2
Pt aratd aFoxr <Svzrs AN o P
z -7 - -

35527 IP6S f$428% 2A-225 S42,GRP
z ”

o, -4 rd © ¢ c¢c oo - 4
Sor— Sa r—@gspaa @r—
e Cd

4.12.8




deflection. CRlseseaneii ,?n};}’ff BS4343  ~5ELAAS

\\

o oc¢ce o oce o z Zzo0 0 > o c¢ © o0¢c oo
xlie Svsrexi ‘5’/“/7 RCD LB AA RSN
Zz

4.12.10 Digital Indicators
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reinforced fire-retardant polyester resin cabinets.
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mounted in viewable positions. Field mounted
instruments shall be complete with all mounting
brackets, pillars, fittings and fixings to complete

the installation.
4.12.12 Panel Mounted Instruments

Panel mounted instruments shall wherever possible
be hermetically sealed. If this is not possible they

shall be enclosed in moisture and dust proof casing.
4.12.13  Alarm Annunciator

Each alarm condition shall be indicated on an
alarm annunciator having the following basic
features:

An audible alarm shall sound upon the initiation of
any alarm condition. The audible signal shall be
muted upon depression of "ALARM MUTE"
pushbutton, automatically after an adjustable delay
of 1-5 minutes, or upon the depression of the
"ALARM ACCEPT" pushbutton.

The appropriate annunciator shall flash with an
equal mark/space ratio at approximately 230
flashes per minute (fast flash) upon the initiation of
any alarm condition.

"ALARM ACCEPT"

pushbutton the alarm annunciator shall change to

Upon depression of the

steady indication.

Upon the clearing of the initiating alarm contact,
the appropriate annunciator shall flash with an
equal mark/space ratio approximately 70 flashes
per minute (slow flash).

Upon the depression of the "ALARM RESET"
pushbutton, any annunciator whose initiating
contacts have cleared, the appropriate annunciator
shall be reset and the lamp shall be extinguished.

Depression of the "ALARM RESET" pushbutton
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shall not reset any alarms which have not been
accepted and shall only reset alarms whose
initiating contacts have cleared.
Any subsequent alarm that occurs after the
"ALARM ACCEPT" pushbutton has been
depressed shall be considered as a new alarm
condition, irrespective of the state of other alarm
legends.

Depression of the "ALARM TEST" pushbutton
shall simulate the effect of an alarm condition
occurring on all channels into audible alarm and
fast flash mode. After a preset adjustable period of
between 1-10 seconds, the test facility shall
simulate the clearing of the initiating condition to
allow resetting of the annunciators.
All annunciators shall be sized to permit an
adeguate unambiguous description to be engraved
in letters no smaller than 3.5mm high. The legends
shall be black on an amber background and shall
not be visible unless illuminated.
The flashing of more than one annunciator shall be
synchronous to minimise confusion between fast
and slow flashing of multiple alarms.
For each annunciator provided under the project
the Contractor must provide spare parts for two
years operation. These spare parts must as a
minimum include one module or PCB of every
type used in the annunciator including the CPU.
4.13  Steel Protective Coating System

4.13.1 General

Steelwork associated with this specification will be
exposed to an atmosphere that can be corrosive as a
result of hydrogen sulphide generation and release
of other compounds from the septic tank effluent.

Generally, all materials used shall be resistant to

corrosion or they shall be protected from being
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exposed to such corrosion.  This applies to
materials used in electrical equipment and cabling
as well as for other purposes.

All necessary precautions shall be taken to prevent
electrolytic corrosion, particularly with stainless
steel and aluminum.

Ferrous Steel Work

All steelwork including bolts, pipes, supports and
fittings shall be hot dip galvanized, and the
electrical

control cabinet shall be subsequently painted with
an approved protective coating system as specified
below. Details of the specific protective coating
system to be used together with details of how
structural steelwork that cannot be galvanized is to
be protected shall be provided at the time of tender.
No paint shall be applied until the system and
topcoat colors have been approved.

Surface Preparation

All ferrous steel surfaces shall be ground to remove
all weld dags and splatters; all sheared and other
excessively sharp edges shall be slightly rounded
by grinding. All ferrous steelwork shall be pickled
in accordance with CP3012: 1972, Code of
Practice for Cleaning and Preparation of Metal
Surfaces. After cleaning, the surface shall be kept
free of oil, grease, dirt and moisture.

Galvanizing

All ferrous steelwork shall be galvanized in
accordance with BS 729, Specification for Hot
Dipped Galvanized Coatings on iron and steel
articles.

Painting

An approved three coat painting system(s) shall be
applied to the electrical control cabinet.
Application shall be in strict accordance with the

manufacturer’s instructions, as they may pertain to
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the site environment.
The three-coat system shall comprise:

« prime coat as an adhesion coating on
galvanized metal and compatible with first
coat

« first coat of epoxy paint or equivalent

 final coat of epoxy paint or equivalent

Stainless Steel
All stainless sections and anchors shall remain

unpainted.

5  Operation and Maintenance

The treatment plant shall be designed and built
and subsequently efficiently operated and
properly maintained by the contractor for a period
of one (1) year. During the operation and
maintenance (O&M) period the contractor shall
undertake formal training of the client’s O&M staff
and details of the training plan shall be included in
the tender submission.
Reporting formats as given are to be developed and
implemented during this period. The contractor
shall design the plant allowing for it only to be
attended 16 hours a day 7 days a week, with
appropriate controls automation and alarm raising
provided to operate and monitor the plant outside
the manned periods.
Spares for blowers

1. Onesetof Bearings 8Nos- 6203 (make

Tata /NRB)
2. 1setof Oil seal

3. 2set of V-belts/Spares for Diffuser

Mechanical components
1. E.P.D. M Membrane Diffuser
2. Float Switch 3No-Spares for

4 No.
Electrical

Control Panel
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Electrical components
1. Contactor MN16 1 No
2. Contactor MN12 1 No
3. 230-V-AC Caoil for Contactors 2
No
4.  Overload Relay MN2 2 No
5. 1-0-2 Change Over switch 16 Amps 2

No
6. Panel Board indicator 5 No
7. Single phase preventer 1 No

Spare Parts and Tools

Spare parts and tools for the Wastewater treatment
plant must be provided by the contractor for the
operation period of 1 year. Spare parts and tools
shall be handed over to the appointed individual by
the Employer and Island Officials.

6 Schedule of Equipment and

Quantities For Pump Stations

Ultrasonic level sensors along with unit Quantity,

Location and level transmitter and microprocessor

based controller with configuration facility with 5

sets of relay contacts each per equipment for auto

operation. Set three Pump stations of pumps at

sewage pumping station along with high alarm at

pumping station with necessary fixing hardware,

Power supply, accessories interconnecting cables

and connectors for each of the three pumping
stations

1. Magnetic flow sensor, transmitter and

set the Pump stations Flow indicator,

Totalizer, with necessary fixing hardware

power supply, accessories interconnection

cables for indication of flow in discharge

side of each of the three pumping stations

2. Necessary tools and spares of

instrumentation One set - for two years
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operation
3. List of alarm points and controls in central

control room

7 Training Requirements
7.1 General

The Contractor shall provide comprehensive
training for the different categories of the
Employers operation and maintenance staff.
Training shall fall into two main types which are
‘off the job’ and ‘on the job’. Off the job training
shall take place in the class room on the job
training shall be carried out on the running plant.

7.2 Off the Job Training

The Contractor shall prepare formal training
documentation for distribution to the trainees.
Visual aids shall be used where possible to
illustrate the points being made and to make the
training programme as interesting and enjoyable as
possible for the participants.
The off the job training shall comprise the
following: Off the Job Training Programme for all
Trainees
a) To provide training:
b) on the simple chemistry and process
principles involved in the operation of the
Works;
c) health and safety;
d) plant safety procedures;

e) onthe use of the local and central MMI s

Off the Job Process Training Programme for

Operators

To provide training:

a) on the operation of individual items of
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plant and sections of the Works including
automatic operation and manual operation
in the event of say automatic control
failure;

b) on the day to day operation of the Works
and procedures;

C) on a comprehensive list of ‘what if’
scenarios dealing with the actions to be
taken in the event of potential process
problems, alarms, plant  failures
overflows, power failures etc.;

d) on first line mechanical maintenance;

e) safe methods of work general,

f) on safety procedures to be followed in
operating, maintaining and cleaning the
plant; Off the Job Training Programme for

Electrical Maintenance Staff

To provide training:

a) on the configuration, construction and
operation of the electrical Plant;
b) on the

requirements of the Works;

electrical maintenance

c) on the switching and safety procedures to
be followed;

d) safe methods of working;

e) on fault finding and repair procedures

Off the Job Training Programme for Control and
Instrumentation Maintenance Staff
To provide training:
a) on the configuration, construction and
operation of the Plant;
b) on

maintenance requirements of the Works;

the control and instrumentation
c) onfault finding and repair procedures;

d) safe methods of working;
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Off the Job Training Programme for Mechanical
Maintenance Staff
To provide training:
a) on the routine mechanical maintenance
requirements of the Works;
b) on lubrication requirements of the Works;
c) on fault finding, repair and overhaul
procedures;
d) Safe methods of working.

Off the Job Training Programme for Water
Treatment Management Staff
To provide training:

a)  Wastewater treatment process
management techniques;
b) Wastewater treatment plant  cost

management;

c) Wastewater treatment plant laboratory
management;

d) safe methods of work general;

e) on safety procedures to be followed in
operating, maintaining and cleaning the

plant

On The Job Training

The Contractor shall utilize the Operations and
Maintenance Manuals as the primary training aid in
Short

comings, omissions and errors identified in the O

carrying out the on the job training.

& M Manuals during the training shall be rectified
prior to final acceptance of the O & M Manuals.
On the Job Training Programme for all Trainees
To provide training:

a) plant familiarization tour;

b) health and safety;

c) identify areas where special safety

precautions are necessary
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On the Job Process Training Programme for

Operators

To provide training:

a)

b)

d)

under operational conditions on the
operation of individual items of plant and
sections of the Works including automatic
operation and manual operation in the
event of say automatic control failure;
illustrate by example the day to day
operation of the Works and procedures;
illustrate by example the actions to be
taken in the event of potential process
alarms, failures

problems, plant

overflows, power failures etc. (as
identified in the ‘what if* scenario off the
job training);

illustrate by example the first line
mechanical maintenance;

illustrate by example safety procedures to
be followed in operation, maintenance and

cleaning of the Works.

On the Job Training Programme for Electrical

Maintenance Staff

To provide training:

a)

b)

carry out detail tour of the electrical
plant;

illustrate by example the operation of the
electrical Plant;

illustrate by example the electrical
isolation and maintenance procedures;
illustrate by example fault finding and
repair procedures;

illustrate by example switching and
safety procedures to be followed;
illustrate by example safe systems of

work.
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On the Job Training Programme for Control and
Instrumentation Maintenance Staff
To provide training:

a) illustrate by example the operation of the
works;

b) illustrate by example the control and
instrumentation maintenance

requirements of the works;

c) illustrate by example fault finding and
repair procedures

d) illustrate by example safe systems of

work

On the Job Training Programme for Mechanical
Maintenance Staff
To provide training:

a) illustrate by example the routine
mechanical maintenance requirements of
the Works;

b) illustrate by example lubrication
procedures;

c) illustrate by example fault finding, repair
and overhaul procedures.

d) illustrate by example safe systems of
work.

7.3 Training Program

Off the job training shall be carried out prior to
Taking Over of the Works or any section of the
Works.

On the job training shall be carried out primarily
after Taking Over of the Works or any section of
the Works. However where it is possible to do so
without reducing the effectiveness of the training
and with the permission of the Engineer and the
Employer on the job training may be carried out
prior to Taking Over. On the job training shall be

completed as a condition for acceptance of the
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Works following completion of the Tests after
Completion.

The Contractor shall provide a training plan for
each category of staff. The training plan shall
detail the content and duration of each course.
The training plan shall be submitted for the
approval of the Engineer at least 60 days prior to
the commencement of the Tests on Completion.

7.4 Training Personnel

The Contractor shall provide suitably qualified
trainers to carry out the off the job and on the job

training.

The trainers are to be experienced in treatment
plant and pumping station management, operation
and maintenance in their relevant discipline and in
the training of skilled and unskilled staff.

The training expert shall be fluent in English or the
Contractor shall provide the services of an

interpreter in Dhivehi during the training periods.

8 Operation Manual and As-Built

Drawings

The submission of the as-built drawings and the
final operation manual for the facilities is the
precondition for the final payment.

8.1 Operation Manual

The Contractor has to submit an operation manual
after the physical completion of the Work. This
manual will be submitted as draft at the date of
physical completion and as final version 1(one)
month after commissioning, including all the
experiences made during the tests and the training
given to the operators during the commissioning
period. This manual will be established by the

Contractor in cooperation with his suppliers and
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subcontractors and after consultation with the
Project Manager for the detailed contents. It will
contain at least:
a)  General description of the plant and its
functioning
b)  Step-by step procedures for all operation
requirements and adjustments
mechanical,
piping
sections, details, charts

c)  Architectural, electrical,

instrumentation, drawings,

d)  Nomenclature and nomenclature

schedule of all the equipment
(mechanical, electrical, instrumentation,
power and signal cables, electrical and
sanitary fixtures)
e)  For each item of the equipment:
+ drawing, section, exploded drawing
»  operation instructions
 calibration charts (if required)
» fault identification and location
guides and charts
* repair instructions (if repair by
operators is possible)
* maintenance instructions including
type and guantity of lubricants
» spare parts list with addresses and
procedures for ordering
f)  Preventive maintenance schedules for all
the equipment, showing the type and
frequency of maintenance of different
items.
g) Type and quantity of the recommended
consumables (lubricants, fuels, etc.)
h) h) Emergency management for specimen
emergency situations which might occur
due to external or internal factors

i)  Logs for the operators of the system
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J)  Operating hours

k) Salient indicators of the operation

I)  Maintenance operations

m) Faults and actions taken

n)  Other events

0) Address and telephone number (Hotline)
to contact in case of operation problems

It is emphasized that a collection of standard
literature of a general nature, unaccompanied by
specific drawings and descriptive matter relating to
the Work as commissioned, shall not be acceptable.
The operation manual shall be bound in one or
several loose leaf binders designed to prevent loss
and damage of the contents. The binders shall be
titled, numbered and have a table of contents of
all information contained.

8.2 As-Built Draw ings

The Contractor shall submit to the Project Manager

within  one month of actual completion,
“Completion” Drawings as specials below. These
Drawings shall be accurate and correct in all
respects and shall be shown to and approved by the
Project Manager.

Completion Drawings as below on two prints and
one polyester film shall be supplied by the
contractor, along with a soft copy in CD. These
drawings shall be developed in latest version of
Auto CAD. Drawings shall be of standard size for
below.

I Site plan showing all features existing
and as constructed under this contract
with  all  external  dimensions,

dimensions of clear spaces among
those, diameter and materials of
pipeline etc. complete.
Civil

Il. Architectural, and Structural
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VI.

VII.

details of all components of the plant
including plans at different levels,
elevations from all sides as well as
sectional etc. complete with all

dimensions  including  structural

Thickness, concrete grade,
reinforcement details, finishing details,
schedules of doors and windows,
details of associated fittings and
features complete.

All piping, plumbing and electrical
details with dimensions, diameters etc.
complete at specific cases isometric
views of piping may be necessary.
Dimensioned details of all electrical,
mechanical and  instrumentation
equipment including accessories along
with arrangement inside the buildings
or enclosures, connected piping and
cabling layout etc. all complete.
Dimensioned details of all control and
measuring devices lined weirs, V-
notches, probes, valves, gates,
consoles, panels, switch boards, cable
layouts etc. for the complete proposed
plant. Fine diagrams/ Circuit diagrams

shall be used wherever applicable.

L-sections  for  pipelines laid
externally, showing pipe profile,
ground profile, soil  condition,

bedding, location of specials, valves
and other accessories complete.

Dimensioned details of all site
development works such as roads,
drainage, cables pipelines, landscaping
etc. complete with

layout, cross-

sections, levels etc. complete.
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All drawings shall be prepared in appropriate scale

and with adequate notes, legends, titles etc. for

clarity.

9

The

General Requirements for

Operation and Maintenance

Contractor shall maintain the entire plant

within his contract during the operation and

maintenance period of one (1) year including

defect liability period from commissioning of

existing plant. The operation and maintenance

period shall include the defect liability period. All

necessary repairs shall be made to maintain the

plant at the status at handing over. The tasks of the

Contractor shall be:

Operating the plant up to design capacity
as directed by Project Manager from time
to time by maintaining the required output
quality;

Keeping the down time of any equipment
as low as possible but at least below the
desired level as required:

Maintaining all the plants, equipment and
tools installed by him and making
necessary repairs;

Technical and administrative monitoring
of the plant
EMPLOYER;

Communication and co-ordination with

and reporting to

the adjacent plants and related agencies.

The operation, maintenance and repair service shall

be

performed according to the following

principles/specifications:

Operation of the plant As per O&M Manual

The plant shall be operated according to the rules

and procedures laid down in the O&M manual as

required by the system.
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Awareness & Cleanliness

The contractor and his staff shall maintain a high

degree of awareness in operation and maintenance

of the plant. Al all times the plant, its equipment

and surroundings shall be keep clean and in order.

Frequency of Preventive Maintenance The
preventive maintenance will be done
according to the preventive maintenance
schedule of the plant. The regular staff may
be reinforced by short term specialists by the
Contractor for special maintenance tasks.

The operation, maintenance and repairs shall
be made with the help of the equipment and
tools available at the plant, backed up and
completed with the facilities of the
Contractor or brought to the plant by him

temporarily for special maintenance.

Repairs

Repairs shall be made as and when needed very

promptly on the spot or at the contractor’s

workshop; the need of repair on the spot or at the

Contractor’s workshop has to be defined in co-

ordination with the Project Manager and according

to the status of the spare parts availability.

Spare parts

The Contractor has to keep a reasonable
stock of spare parts so that the down time
of equipment can be kept in the limits. The
contents of the stock have to be approved
by Project Manager.

Transportation ~ All necessary transports
shall be arranged and made by the

Contractor at his own costs.

Consumables

The Contractor has to ensure that always there is a

sufficient stock of 15 days of the treatment
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chemicals and other consumables in the plant:
9.1 General Obligation

The Contractor shall operate and maintain the
entire plant under this contract for the period
specified in the Contract.
Contractor will submit a detailed operation and
maintenance plan for approval of Project Manager.
All operation and maintenance activities by
contractor shall be carried out strictly in accordance
with the approved plan.
a) Services shall include but not limited to:
b) Operation and maintenance of all the
facilities including WWTP,
c) Operation and maintenance of all
mechanical, electrical equipment and all
the Instruments of the facilities;
d) Training of O&M staff of EMPLOYER.
e) Maintenance of all civil works under the
contract.
f) Contractor shall submit periodic reports
as per schedule and formats approved
by Project Manager.

9.2 Operation

Operational Services
shall

conventional gravity sewerage system including

The Contractor operate the complete
Wastewater

Treatment plant, treated wastewater

pumping
station and sea Outfall.

The Contractor shall operate and utilise all the
control and monitoring systems provided in
treatment system and if found to be necessary and
if approved by the Project Manager, shall make
adjustments within the operating range of the
control system and equipment so that the plat
matches the treatment

operation process

- ooc 2, 0, 2222, oozo0 2 -~

EPPAP BV L SHs SFFOAVISS B

N

W

o
°
\

5
N

\R
nll\
Yo

co0ocoro b4 o ¢
SABISFAVA
rd rd

o3 ¢cecor 02 o Cr s 0 >0c¢cec ox or ¢ o ¢
SRS SPHISSS rEIOS SRASDR S VAS DA

s 2, ¢ >0r0¢cc¢c Z20>¢ O0~rO0r~- OCCOr ¢co ¢
ASIS KPS ANIS S PIVIV® PAS®R VS9N PSYA
e

0 20¢cc
PN @
o - < o ¢coo o c s o o c ¢ >0 zZzo
SHAPID PPARPIEIDA SN FYVE SPISF o
e e e 7 7 Cd rd
o >>550 s Precz

2 ¢ P o ¢ c e zo 2, 2070 20 2>
vaaver—rosa P2 Avo @S HK oSS o
- z P P
©0 230 0r - o ¢ 2 Z 2 > oz, 22
AV LPVAI—D S5 AKXV O 32N>
rd rd

2 o0 ce ©o~r 0r 2 e >, 0272, - ©o o~r ¢co < o~ ¢ ¢
SIS .4,@;«2/:.7 SVPPRORADS SA =PI D R < g
z (4 s

©orxoc 2, 0 - co o o-r o (4 s O 7
P SsAA ./IV;‘/"’—’ V_; —f —— Fr—sv gt SIA
Lt ” e s 7

o >0 oo zo0 o-xo 2% -o0- coc o0o0c (P
SSSs BSIS J",c‘.f/lﬁ ALFL2RA 52 a2

¢ ~-3x -r0- ¢o0c¢c o0o0c¢ (O zo0 .0 >0 zo

.AV;G/!/},OJ ;.n_r,«{;,@;,«’n SN LA A PSS @IS
z -

cerxoc P 25 >

PrPSANA AV II—
”

- >~ 0¢c 00x 222222, - Z >0 >0 Zo
PA  APURPIY  ASOAVPOIRD SA ASSI PIIE
e - e - -

z 2 cece zoz € o dc¢c - 2 © 2, 07 2 ez, ¢
Pl BL lal Lol Sk Fad 24 /‘/I)//j S ENS 2 SO F A

- -

Zzo0 ¢ oo .- o0 2 cee >0 zo o ¢ 7 0C O,
}/“J/)J‘} /'/l erogava  sa ‘@t TSNS APCSS

-
€cCe 20 0rr O0X> - z 22,2
(S BASSIBAS P /'V"f./‘f /‘/I /‘V//_;‘j’—' pAr>

-4 o o ¢ > -3 o0 o~r ¢co < o o ¢ o
;ef-;f,g ’—vvn v A




requirement. Beliai 3ERED pERBRE SARERLS
e td

If it is determined that the facility is not capable of | - 22 3455 5491 2l n s
meeting the design parameters for any reason, the | ,zz252.2 Sesiais 2l lns
Contractor shall determine the specific cause of | 22 z «szz 259322 2227 c2z0:225

MRS LBV ARSASKY N
td

failure and report to the Project Manager on action

to correct the deficiency. 0.5 oo2z2. - ~co

2 o o [ o >0
HIIRY  APPORD  SA rES@IND s
4 s

z
Electrlclty ooc o 02 - oo~ o0 2 20 ¢ o >0 zZzo0
sz) Cr—it @ SN PRIFAVA A B S PSS

I e rd e I

Employer shall directly pay all the electricity | . ox o ¢ - o o. oox ooc o
s 2] wg{:—'} A 2O L I L
bills. Contractor will be required to furnish the sior 0 co ¢ - 02 o> L ocoox
:t Vef’—vv/ve/vf > —a N el (/ erviperv
details z 70 ¢ ¢ or 0 zZzo o >27Z .- ¢ 2~ 0¢ 00x
S danatd N -2ar ] SO SHEPrApIov
Electricity Consumption in the format prescribed cer ¢ co om o+ coro >
,o/r_r//.n sr—s ,/.s.zr e/.?,f/ry:r
by the Project Manager.
Chemicals
Employer shall provide the chemicals if necessary
. or - 22, Z o0 ¢ - orxzZo0 >c¢ Z2o0 .- > o
to operate the plant. The Contractor will be | 7=> ssess srrme sa sessrme rorxe 2

required to furnish Chemical’s consumption, in the

. - - 22 - P ¢ > P
format prescribed by the Project Manager. | S340<355 254205 srElieiY f5A 4
ozzece (3 2 Z et e x o

However, laboratory chemical shall be provided by | =752 5 ~isi L2255 ee%s

the contractor. AR SE4TL2A

Miscellaneous and other consumables
All other consumable and spares required to

operate and maintain the plant in good condition

s 07 20cCcC P4 o 7 0 2, ¢ >0~ 0 Ed
A A CAv@gropar® As@o PAPIYA L SPIFAVA
shall be provided by the Contractor at his expense. - G ‘o
RELEEAT SlES ZARSALS Seiasc
General Maintenance and Facilities »
) . 2558 S5 L3CES SAASAERSZE
All example tools, cleaning &housekeeping - -
. . . Saies S3RF5 SEERS BEEES mEANAZ
equipment, security and safety equipment, etc x 2
. . 5 aie8552 A5 EA5 353 2X2 iR AAs
shall be provided by the Contractor at his own |Z~ ~ -z
wSpRZ 3555 SEELAEAYE mSALL
expense. - >
sAplagit
Laboratory Services gr=e
a) The Contractor shall perform all tests, v o
—

sampling and analyses as and when
required as per the O & M Standards.

b) The Contractor will submit in his offer a
complete list of laboratory equipment and
materials in accordance with the analysis o

program required.

c) Without limiting the above obligations,




the Contractor shall perform all tests,
sampling and analyses required in order to
obtain the following information :

d) The daily totals and hourly variations
during the day of :
e) Flow entering at inlet of treatment plant
(m3/d and m3/h)
Manpower
The Contractor shall provide experienced
managerial, technical, supervisory, laboratory,

administrative and non-technical personnel and
labour necessary to operate and maintain the
Wastewater Treatment plant & works properly,
safely and efficiently for the full term of the O&M
Period.
The qualifications and capability of the
Contractor’s personnel shall be appropriate for the
task they are assigned to perform. The staff
provided shall be fully trained in the operation of
the Works before being given responsibility for
operation of the works. If, in the opinion of the
Project Manager, a member of the Contractors staff
is considered to be in sufficiently skilled or
otherwise inappropriate for the task he is required
to perform, he shall be replaced by the Contractor
with a person with the appropriate skills and
experience for the task, to the approval of the
Project Manager.

The Contractor shall propose in his tender a staff
management structure for the operation and
maintenance of the Works. This structure shall be
expected to include but not necessarily be limited

to the following personnel:

e Plant Operator 1 No. Full time
e Electrician/ Mechanic 1 No. Part time
e Helper 2 No. Full time
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To this end, the Contractor will be required t0 | L2257 2.z. 22e? Sfesi S2.0285 2555

>
77E z 27 z

complete the Prescribed Schedule. 2Ls2 ;‘,;;;f Rir a3AEm EAsS 23035550
The Contractor shall provide all secretarial support, | 2z2z2; AIpAZ S3RZ2EZ Ris ph a5 ZESAEAT
printing and publishing services, office furniture SSAZR225 2zl 255=2
and office supplies as necessary for entire O & M

period. sl
The O&M personnel shall be dedicated 100 % of

their time for the specified duties and SPIE G pRRRAE Sui PRRSeEREE 2p0
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T . z . Z
responsibilities and shall not be diverted to perform | 7€ *Z ers sesZ BYest presS SY2S
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Contractor’s administrative duties, construction | *7&*&7Y [2Frrs SIS SLISAS FAvssS B
cececzo
arrangement, office management, or other non- pyarre
project activities. Adequate support staff shall be
o <
. . . Pdddd
provided by the Contractor in order to avoid any
such diversion. 203  o0s330usx 2070 Loc coco e
s v@ SOV PAFA e, ASA S EAsIrvve
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The Contractor shall cooperate with other off-site




authorities preparing the “Off-Site Emergency

Plan” on request.

The Notice

Boards/Display Boards at appropriate location

Contractor ~ shall ~ provide
detailing precautions to be taken by operation and
maintenance personnel in work in conformity to
regulation and procedures.

The Contractor shall notify the Project Manager
immediately if any accident occurs whether on-Site
or off- Site in which the Contractor is directly
involved which results in any injury to any person
whether directly concerned with the Site or a third
party. Such initial notification may be verbal and
shall be followed by a written comprehensive
report within 24 hours of the accident.

Reporting

Contractor shall prepare reports daily and monthly
and submit to the Project Manager. The Daily
reports are to be submitted within 1st working hour
of the next day. The monthly reports shall be
submitted on the first day of the next month and
within first two working hours.

The reports shall generally contain information as
enclosed formats along with brief write-up on
specific matters needing attention of concerned
agencies.

Overall reporting formats will be approved by
Project Manager and may have to be modified
from time to time as required and approved by
Project Contractor

Manager. may have to

prepare and  submit additional reports on
particular matter and incidents as and when
required by the Project Manager

9.3 Maintenance

Maintenance of Installed Facilities

or zox o o - e s 22¢- ¢>-0¢ 00
FOHRSKE I NS OS5 rs SAPYAPIY 2
rd Ed td
s > eozz - o0o-o0 > ~Pc¢ ¢ zo >ce
PIFF SIS A PO FAVA KPR F o v@
- - P z
¢ 20 oc¢co
SIS AP
e Ed
0x > o or o0- 0~ z - ¢ 20 2, P
S vpo s ALALPSY PAF IRV I @ AN S522 3
P Pavyd - 2z
sr0-r 20 0, 2235 Z >0 2~ -
AV Ss ALL2FAN2 K@ L Ll d
- - 2z -
z 2 > oro00 ¢ z o>z, ¢>-0¢ 005
bNS<Y Ap@r—@ o< e scprAprv
' e

©0r 2, - o~ O0-

APSS@ v

7 O 7 or ¢ ¢ ¢>0zo0 Z 252 o ¢co -
SIS FAKL SPIFE KV I pr—se @

7z

2, 0

(m3/d 5’/7 m3/h) it

o ¢oo oc <0l P - 3 o~ e ¢
POAEI— IO PR F X gNFFI— (Frove ‘/n/gﬂ:
g P z z - -
>, 0> coece oo ¢ I 202, 0- 2 o»o0- oc¢ -
25312 5 2A LV r ‘/l}”/j LN 2 Patard el d S lo]
rd
L& ¢cZor >0 Zzo ¢ 03 > 7 oco - 0 ¢corrr >
APVAPVAX  PIIF  SAVFI— SIS S SISO F
rd rd rd rd
o>, 0,3 cez20 co ¢ 0 0¢c 3¢ s o0exece e
HFENS D KN @I D - ASANLS 9 SA
rd rd rd
cece2o0r Orrr 022, €22, 0C 00X
BAIII =N B O SON SA@r @IV
Zz 0> ¢ co>-0- > Z O0r o o>z ¢>-0c 003
ASILPA SIFEASS  rTEASSS SPKF SEpr v
- z
o> 2z Z - e x Zoec -c Zr 00, - € DIDZ-
SV SRS APV F IV OIS VA AVLPLOVANI—D PRV IS
- Pd e z Pa
IEREE 2 >0 or 0., crx ¢czo.- o0

(4 -4
S2S5V A, <
- - -

o ¢ cco >2r-r 072 ¢ >~ 0¢C 00x ccec Zzocee > o s 7 2
SAKLSINF EANS P SKEPYpIov B AS I P2, a4
- z -

[ a4 o0cror - z - ¢ 32522, 2, 0, 3¢ oc¢cr 0r 2
SORY APYAIr—D PANFIRVISS AFEASIA CAFEASS

-7 -
R z ¢e>,rz0 ¢ 7 C s 0- - P d o J>c¢ 2, 2
S @S SHKP IS VA ALV AN KB ad el ad P ald
- z -
e>r 02 < P - e o0r rec ¢ ©0o0cx o or - o0c¢
SFENSS A

[ [
CONBASPAV S A F SRS/ PYEFE FOVON
rd
[

- [l ¢ >0 2 2>, > e ¢ 0 o0c¢cx o P
A KIKIS SKIIVF KV IR XSO PYESF<F ASS P
-
22~ ¢ >~ 0¢c00x oc¢cr o0r > 22 >~
SRS SHxPropIv AFENS2 Lkt~
- -
ceCce 20r Or-~
BASSIr— N B O
20 >c¢e ©or ©0~- CO < oo ¢ O~ ¢ €2, 0r 0r -
Bl alad d SR N 2 [ et P tantta? 2 SyoPraAr—2>
-

- ~ O ¢ €2~ 0¢C 00 oc s 0- OO 00 - Oce ¢ ozo
ASALNP SAPVAPIV ANRSVAPr— PO, @
-

220 -~ - ~ 00 ceCce 20 rrrrd
Fvrone@ ASs AP N5 Ay < @r— > cSAr I s
s - -
¢ Z2o - o > - 3 z o0 > -




The Contractor shall ensure the continuous
operation of the Plant and that the breakdown or
the deterioration in performance of the plant, under
normal operating conditions, of any items of the
Plant and equipment and component parts thereof

is kept to a minimum.

The classes of maintenance provided shall
comprise:
»  Full Operational Maintenance.

»  Standby Maintenance.

Full

planned and regular maintenance carried out by the

Operational Maintenance comprises the

Contractor on a day-to-day basis, including
cleaning, lubricating, minor adjustment, together
with preventive and corrective maintenance plan,
for those items of plant and equipment within the
treatment works, which have been commissioned
and made operational.

Standby maintenance comprises the planned and
regular maintenance carried out by the Contractor
including cleaning, lubricating, periodic operation
and minor adjustments of all items of plant and
equipment within the treatment works which
have been installed but have not yet been
made operational.

The Contractor shall carry out the Maintenance of
the plant installations in accordance with the
requirements of the O&M Manual and to the
approved Maintenance Plan.

The Contractor shall strictly adhere to the
manufacturers’ recommendations with respect to
equipment maintenance, the types and grades of
lubricants to be used, frequency of lubrication,
made and

adjustments to be regularly

recommended spares to be held in store.
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9.4 Pumping Stations

Operation of plants as required, including

provision of required manpower for routine
operation of pumping station.

I.  Periodic site calibration of all measuring
/metering equipment at every 6 months
minimum or as recommended by the
manufacturer. The calibration at the

manufacturer’s works/independent
laboratory shall be carried out only in case
of major failure of the instrument.
Il. Repair or replacement, as required, of
damaged electrical equipment / parts
for proper
1. functioning of electrical system.

I1l. Maintenance of the cooling and lubricating
systems.

IV. Routine maintenance of the pumps /
motors as per recommendation of the
manufacturer.

V. Replacement of bearings, impellers and
other damaged parts so that the operation

ensures  the

of pumps guaranteed

efficiencies with desired noise and
vibration levels.

VI. Re-painting of the exposed mild steel
components of pipe line, ladders, railings
etc. in the pump house.

VII. Maintaining the surrounding areas of the
pumping station free from shrubs, weeds,
grass and other unplanted vegetation.

VIII. Routine

monitoring  of  substation

equipment’s and taking preventive
measures as required.
IX. Keeping the hourly records of:

+  Status of pumps.

o~ 03 ¢ez0-r ¢>2220¢ o0- ¢ Zz e 4
ALL S KO VA, S22 SINS YOV A
e rd '
e ¢ >0 zo 20 >3-0-r>5 2 > > 20, c¢coOXx

or 2,0 -~ o ~ 2 ewe 2o ¢cZor G 2o 2
ALK 99 2 Pl atad S PAPV APV A0 2 31— Pl
- - - -
Zzco ¢ e e z > orz-0 - o - cececzor o
s PSYA PEA L L ANV ¥ d AN 992 > D9 < PAIS IR Y
- - z
¢ced>2,rr0¢C P2,r, COX 2¢C ProZr
CIAKLFAAN VD OV YV AAVOLOKF
-
oc¢coe¢ or-0Cc00%x ©O0-r 3¢ pyoceco ocr e oy
ASPBA SFRPYAPIY SIS S "—J/“e.?/i gn»—d—;/r
> 2z Os¢ o - ol oc¢ ¢ - to0cC >,
s SS ,4 veop<oa @Ar—-52 j“./j“//i S o B 0n
- z - -
cecec 20 > O0ro0r - 2~ 0¢ 00X
'r’-"/“)’ KXY PPN KPY APV
-
oo ¢ 0~ rx or>xo0c¢ P - > o Z-0- >
LIV VIR K f N PSS AA .zry_p_xé»—d//f /)V_gd/“’—‘f/i_f/‘

e@e o s - > or0- » O©0>-,0-> O©0 Or CO I3
POFI— S PISIAN ASPKY PVAI=D INFEANS S RN
z - -

o0 2,7

o 22, o - ¢ 2 -
PSP v <prepr

© 2, - -
Patal S P el

¢ 23
J,@JJ/“//“V
g -

02550
SR @ g
7
cocr ¢ 03 s >P cocr > ¢ 03 o >2 ., ¢ >~ 0¢C 00x
SALD OV S PRX SALES OV NOXF SAPYAPIV
Cd rd

¢ 0> cece 20 s o rcl ©0o0ocx o ox >z o >
Pt d BASIIS Sl FASIO PV SKE SV AL @<
rd
¢ 2r0r - [ a4 7 O 7 o ¢ < L S 2 cocr >
SPVANIr—D S9SN S SS MSSrs RS SACIS

- z

o ¢ < Ll >0 cocr ¢ 02 e crecc - 4
S SIS BEK SASD DIV cPAS KPS OO F
4 i e
A ad e >2r0r -~ [ L4 a4 [ L s O~
POXF SV Ar—> B Flala¥d S22 SN
e ecreec o - c
BASFPFAL S

g

- 2. 32535 z ¢ o-- - Zzo0 ¢ ¢ -0
SA v ;02/.42 ;n})n /Vg’;; v /“)/“/".7/ ol -2
’ -

s o072 ececor o0c 0 32, ¢ > o cec ¢ ¢ce
—aar Ll -l alatd P2 L and J'Vﬁ’—’/“é/l /"//“//I
z
¢cecr o0 > 2 2> 2 - ¢ >>20~-r 0X0Z%-r O0~- 0~ 0~
PUPINN S =S PANFINVANANL FYINDP NPAPIY
e -7 -

o3z >20>o0c¢ -~ 2 7
SRS AVIAFA  SA s <
”




»  Current

* Voltage

»  Frequency

» Active and reactive power

»  Water level

»  Delivery gauge readings

» Rate of flow

*  Pump head

»  Keeping daily records of :

+  Total number of hours of operation
» Total quantity pumped

» Total energy (kWh) consumption

Specific requirements of pumping station
maintenance are as listed in the following Table:
Contractor will prepare the maintenance schedule
for Pumping Stations as required.

9.5 Spare parts

All spare parts used for the equipment in the
maintenance of the system must be from the
manufacturer of the equipment or, if the equipment
itself has been made with parts from other
manufacturers, the parts must be of the same make
as used in the equipment supplied and installed.

All spare parts shall be packed for long storage
under the climatic conditions prevailing at the Site.
Each spare part shall be labeled on the outside of
it’s packing with its description, number and
purpose and, if more than one spare is packed in a
single case, a general description of the case
contents shall be shown on the outside and a

packing list enclosed.

10 Site Maintenance

The Contractor shall be responsible for:
a) The full maintenance of building electrical,

ventilation, plumbing and drainage
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installations.  b) Building and
housekeeping maintenance.

b) Full maintenance of the site water and
wastewater  services, cabling  and
earthling system, together with the site
road lighting system.

c) Site maintenance including the upkeep of

landscaped areas.

The

maintenance shall be undertaken on all buildings

building services and housekeeping
and services installations.

Routine housekeeping maintenance shall be carried
out in accordance with the procedures specified in
the Operation and Maintenance Manual.

10.1 Preventive Maintenance

The Contractor shall prepare a planning of the day-

to-day maintenance and the preventive
maintenance. This planning must include for each
equipment for estimating necessary hours in
preventive maintenance and curative maintenance
with in each case the qualification of the foreseen

maintenance personnel.

The shall

requirement of spare parts and consumable needed

Contractor provide the vyearly
for the maintenance of each equipment’s. These
correspond only to the day-to-day maintenance,
preventive maintenance and foreseen curative
maintenance if any. The contractor shall get the

plan approved from Project Manager.

11 Operation and Maintenance Manual

The Contractor, before commencement of the Tests
on Completion, shall submit 4 (Four) copies of the
operation and maintenance manual, in English

language, containing descriptions, illustrations,
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sketches, drawings, sectional drawings, sectional
arrangement view and manufacturer’s parts
numbers to enable the connections, functions,
operation and maintenance of all components of
the complete plant to be easily followed and for all
parts to be easily identified to facilitate ordering of
the replacement parts. Exploded views of the
items/ works where appropriate shall be used for
clarity. The Contractor shall provide the contact
address and telephone number (Hotline) in the

manual.

The operation manual shall also include the

following:

»  Technical data of each equipment and their
performance.

» Instructions for servicing and overhauling.

» Particulars of lubricating oil and grease
to be used, also alternative indigenous
commercial lubricating oils suitable for
use.

» Performance curves for all units regarding
efficiency loading and output.

»  Performance curves for the motors.

»  List of tools mounted on wall panels.

» List of spares provided in the spare box.

» Spare parts list, with manufacturer’s part
numbers.

*  Operator’s Log.

» List of the photographs of the plant and
machinery as fabricated by the
manufacturer.

»  Safety procedures/guidelines

The maintenance manual shall also include the

following:
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»  Procedures for maintenance.

» Preventive maintenance procedures for all
the equipment.

« Emergency maintenance management of

the plant and equipment

Annex X
A
Inspection , Testing & Commissioning

Al Inspection and Testing General

Tests shall be carried out on all equipment in
accordance with the appropriate BS unless
otherwise specified. All tests will be witnessed by

the Engineer.

Al.1 Works Tests

Tests shall be carried out during manufacture
and/or on completion of equipment at the

Contractor's or manufacturer's works.

Test procedures shall be submitted to the Engineer
for agreement and approval sufficiently in advance
to allow for any required changes to the proposed

procedures to be discussed and agreed beforehand.

The Engineer may require to witness complete

functional and assimilated tests at the

Manufacturer's Works to prove the correct
operation of all instruments, indicators, recorders
,controllers, control alarms,

loops, programs,

interlock circuits, indications etc.

The equipment shall be tested together using the
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multi-core cable(s) with correctly tagged ends
which will be used in the final installation.

All control, interlock and alarm circuits shall be
checked with simulated loads or links as necessary.
Milliamp input signals shall be applied as
necessary to check the operation of recorders,
control loops etc.

All indicating instruments shall be checked for

correct operation.

High voltage and insulation resistance tests shall be

carried out using applicable voltages

Calibration tests shall be carried out on all flow,
level, pressure, and other instruments and
controllers, at the Manufacturer's works, and all

such shall be witnessed by the Engineer.

Al.2 Site Tests

The Contractor shall be responsible for the
submission to the Engineer of details of all plant in
his supply for site inspection and testing as

required by the Engineer.

During the course of erection, the Engineer shall
have full access for inspecting the progress of the
work and checking its accuracy or witnessing such

checks as may be deemed necessary by him.
At least 24 hours’ notice shall be given to the
Engineer of the time at which such inspections and

testing is to be carried out.

Three months prior to pre-commissioning tests
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being commenced the Contractor shall supply test
sheets for the Engineer’s approval. These sheets
shall provide for the following information to be

set out in a tabular form:

Name and number of item of plant or equipment
Actual test or checks to be carried out and details
of standards Test results or data obtained during

checks

Date of test and names of persons conducting and

witnessing tests Space for remarks

On completion of erection, running tests on all
plant shall be carried out by the Contractor and
witnessed by the Engineer to demonstrate
adequately that the equipment as erected on site is

entirely suitable for commercial operation.

Four copies of all test results and calculations shall
be provided by the Contractor to the Engineer for

his approval.

The Contractor shall provide all the necessary
certified standard Instruments and gauges and any
other equipment necessary for checking the
installation as and when required and shall operate
the plant and carry out the tests to the satisfaction

of the Engineer.

Tests and checks shall include functional checks
and tests on all instruments, controllers control
loops, programs, alarms and protective devices.
Wiring shall be tested for polarity, continuity and

insulation resistance.

All primary / transmitting / receiving / indicating /
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recording / totalizing instruments shall be re-
calibrated at Site before starting up the Plant and
before, during or after the Final Acceptance Tests -
as directed by the Engineer.

The Engineer shall witness all such calibration
tests, which shall be carried out entirely at the

Contractor's own expense.

Al.3 Tests on Completion

shall

performance tests on completion before taking over

The Contractor carry out the Plant

as stipulated.

1. Test for non-monsoon conditions

2. Test for monsoon conditions

Failure to Pass Tests after Completion

The performance criteria, as specified in this
section, are the minimum acceptable criteria, below
which the works failing to pass tests after

completion shall be rejected.

Al.4 Submittals

The following documents have to be submitted by

the contractor
1. Overall general arrangement  of
Instrumentation panels and devices and
Process Instrumentation diagram

2. Interconnection drawings showing

MCC

Central control room and instruments

interconnections  between and
3. Shop drawings, product data and detailed

manuals
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4. Complete  description,  specifications
schematic  drawings and descriptive
literature

5. Conduit routing/lay out and wire pulling
schedules

Grounding schemes

Panel supports

Enclosures and junction boxes

© o N o

List of spare parts to be provided for one
year operation

10. Details of training to be imparted to plant
personnel for successful Operation and

maintenance of the plant

The submittals are subject to approval by the
engineer. Final Documentation shall be submitted

based on the Engineers’ comments.

Electrical Testing

A2 Electrical General

The pumps, controls, electrical system and
pressure discharge pipes shall be proven to
perform satisfactorily to the Engineer’s discretion.
A written record of the following should be

maintained:

» dates and times of testing
» those present during the testing

» tests undertaken and results.

A2.1 Flow Rates

Testing shall include confirmation of the flow rates
and the measured delivery heads of all the pumps.
This test may be carried out with clean water for
measurement purposes. The pumps shall also be

demonstrated to show satisfactory operation.
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The pump testing shall include:
a) carrying out three draw down tests on
each pump, recording:
» volume of water pumped
+ time of pumping
+ start and stop water levels
+ current drawn
a) carry out three closed head tests on each
pump recording:

e current drawn

A2.2 Level Switches

Demonstrate the correct operation of all level

switches.

A2.3 Overload Protection

Demonstrate the correct operation of motor
protection devices.
A2.4  Alarms

Demonstrate the correct operation of all alarms.

A3 Testing of Pipelines

Pipelines shall be tested on in-situ to ensure:
» horizontal and vertical alignment

» water tightness

Should the pipeline fail to meet the relevant
performance standard, defects or leaks shall be
remedied. In certain cases excavation and
replacement of the sections concerned may be

required.

Testing will be repeated as soon as the repair works
have been completed. Pipelines shall be tested in

lengths between manholes or in shorter lengths.
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Fittings required for temporarily closing the
openings in pipelines to be tested shall be properly
designed for this purpose and shall be adequately
strutted to withstand the test pressure specified.

The arrangements for testing a pipeline shall
include provision for the purging of air from the
pipeline prior to a water test.

A record of all tests in a book. A copy of each page
shall be handed over to the Engineer. A space shall
be provided on each page for the Engineer to sign
when he has witnessed the testing recorded

thereon.

The sections to be tested shall be tightly closed or
plugged. Each pump to be used for testing shall be
provided with a recording water-gauge, a
recording manometer, including a facility for an
extra connection for a control-manometer and dead
weight tester. Pumps and manometers shall be of a
make and type suitable for the work to be executed,

in a good state of repair and well adjusted.

Pipelines shall be tested in the shade with air or
water when they have been bedded and jointed and
before any concrete surround or backfill is placed.
A further test shall be carried out when any
concrete surround has been completed and when
backfill has been placed and compacted to a depth
of 300 millimetres above the crown of the pipeline.
a) Air Test

Pipelines to be air tested shall have air pumped into
the length under test until a pressure equivalent to
100 millimetres of water as indicated on a

graduated glass U tube gauge. After a period of
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five minutes without any further pumping this
pressure shall not have fallen below 75 millimeters
water gauge. The method of pumping shall be by
an approved method and shall be such as to avoid
significant changes in the temperature or humidity
of the air pumped into the pipeline.

b) Water Test

Pipelines to be water tested shall be filled with
water under a pressure head of not less than 1.2
meters above the crown of the pipe at the high end.
Unless otherwise agreed by the Engineer the test
shall commence one hour after filling the test
section at which time the level of the water at the
vertical feed pipe shall be made up to produce the
required 1.2 meter minimum test head. The loss
of water over a 30 minute period shall be measured
by adding water at regular intervals to maintain the
original water level and recording the amounts of
water added. Each section of the pipeline would
have passed the test is the volume of water
added does not exceed 0.12 litres per hour per
100 meters of pipeline per millimeter of nominal
Internal diameter of the pipe. The water used for
the above test shall be obtained from an approved
source

c) Infiltration Test

For non-pressure pipelines the total infiltration
shall not exceed 6 liters per day per millimeter of
nominal bore per kilometer of pipeline and no pipe
or joint shall show visible infiltration flow during
an internal inspection. The infiltration shall be
measured after backfilling has been completed and
the ground water has returned to its pre-
construction level (a minimum of 7 days shall be
left after back filling) and after all pressure testing

has been completed.

PAPS SIF SAVFN L4
22, e 2520 -
PSP PFVFI o

or -0 -

(-4
Slgmy smv 2

czo-, > ol o~ o0~ - 0~
SRRV s VK Y PN
' L
2, 0 € 20 - - 2 2c¢
KIS SPIRY S o
-
o o o oc¢cc
aedor— 255 A2.2
-
0220, 0, - - - o~ o o oc¢c¢ z >
S mCPAT—S ey A58 99— PO e
-
cecec Zzo~-0r
S BAII VA S

o~ 220r0- - o - - -0 - o~ o0c¢xo -
HVAVLPYANI—D FESIK APPSR r@esy <@
rd rd
¢ce 20~ 0-
BAIrSI VA5
o Ze¢
sxra A24
cecec zo0r0r o220, 0r, - or 7 e o~r o Zzec z 2
P AIY oIV A SV KV LPYVNI—D FESIVKE AP IA S
rd

200 ¢ or o -~ 4
SACEI—E AprA ST
rd rd

A3

\
o
\
X

cecezo0orr 0r00 ¢ O©03- ©0 2> 0x >
CEASII P S ALPIZ@ SN IA SOOI SFVSSINE A S

- Pl




A4 Testing of Concrete

Tests may be carried out at appropriate intervals to
demonstrate that the materials achieve the specified
density.

Each area of layer shall be inspected and tested for

compliance with surface level-accuracy.

Wastewater Treatment Plant Testing

A5 Initial Performance Testing

Performance testing shall comprise 10 days
periods. The first of such test is to commence 1
month after plant commissioning, and the second

test would be 4 months later.

Daily 24 hour composite samples shall be taken,
stored and analysed in a manner approved in
advance by the Engineer. Detailed daily records
shall be kept by the contractor of all flows and
sludge quantities, weather conditions, staff
activities, and electrical power and chemical

consumptions during the testing periods.

shall be
submitted by the contractor within 20 days

Detailed performance test reports
following the end of each test. In order to pass a
performance test a minimum of 90% of the results
for any individual analysis shall comply with the
specified effluent quality for secondary effluent
and similarly for the final effluent for recharge. The
plant shall also operate within the power and
chemical requirements defined by the contractor in

his tender.
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If any of the up to 10% of samples failing the test
requirements exceed the specified limits by more
than

100% or if the plant does not operate within the
contractor’s  defined power and chemical
consumptions, the overall test shall be deemed a
failure. Should the plant fail the second
performance test, the test shall be repeated at 2
months intervals until a successful second test is
achieved and approved by the Engineer. The
Engineers’ approval or rejection of Performance
Testing Reports shall be given within 15 days of
receipt of the report.

Annex X
B
List of Standards

Bl Abbreviations for Standards

The following abbreviations where used in the
Specification refer to Standards, Codes of Practice
and other publications published by the

organisations listed below:

ACI American Concrete Institute
AWWA  American Water Works Association
BS British Standards Institution

CIRIA Construction Industry Research and

Information Association

CP British Standards Institution (Code of

Practice)

ICE Institution of Civil Engineers, UK
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Sl

International System of Units

B2 Earth works

BS 1377

BS 5930

BS 6031

BS 8004

Methods of test for soils for civ
Engineering purposes.

Code of practice for site investigations
Code of practice for earthworks

Code of practice for foundations

B3 Sewer Pipe Laying

BS 497

BS 3416

BS 4147

BS 4315

BS 4483

BS 4504

BS 5911

BS 7263

Specification for manhole covers, roal

gully ratings and frames for drainage

Specification for bitumen-base
coatings for cold application, suitabl

for use in contact with potable water

Specification for bitumen-based hol
applied coating materials for protectin
iron and steel, including suitable primer,

where required

Methods of test for resistance to air an

water penetration

Specification for steel fabric for th

reinforcement of concrete

Circular flanges for pipes, valves an
fittings (PN designated)

Precast concrete pipes, fittings an

ancillary products

precast concrete flags, kerbs, channels

edgings and quadrants
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BS 8005

BS 8010

B4 Sewerage Materials

BS 534

BS 2569

BS 3416

BS 4147

BS 4346

BS 4514

BS 4576

BS 4660

ES 4865

Sewerage

Code of practice for pipelines

Specification for steel pipes, joint
and specials for water-and sewage

Specification for sprayed mete

coatings

Specification—for—bitumen-base
coatings for cold application, suitabl

for use in contact with potable water

Specification for bitumen-based hot

applied coating materials  fo
protecting iron and steel, includin

suitable primers where required

Joints and fittings for use with un

plasticised PVC pressure pipes

Specification for unplasticised PV/(
soil and ventilating pipes, fittings an

accessories

Unplasticised
(PVC-U)

accessories

polyvinyl  chlorid

rainwater goods an

Specification  for  unplasticise
polyvinyl chloride (PVC-I1) pipe
and plastics fittings of nominal size
110 and 160 for below groun

gravity drainage and sewerage

Dimensions of gaskets for flanges t
BS 4504
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BS 5255

BS 5481

BS 5556

BS 5911

BS 6209

BS EN 295

BS EN 545

BS EN 598

Requirements and Test Methods

BS EN 1401-1

WIS 4-31-05

WIS 4-31-07

. R R o oc¢c o o3¢ aﬂ L’/G/A o¢co o o ’/—4885930
Specification  for  thermoplastics TTEYSA S RV SussemLgy 82
waste pipe and fittings
Lelif 5% 28 s2i8c553 s5= BS6031
Specification for unplasticised PVC
o o¢co o0x ol ¢>-0 -
. - . ; B 4
pipe and fittings for gravity sewers elal J5 I SoarAR 5800
- - o >c¢ x Z2o- o- B 3
Specification for general A casdl
requirements for dimensions and
», ©0- 2, Z0 O0¢C ¢ o~ >~ o> .~ -, oloc
. . f;n ARSS SIS J.s‘.?-f.? bapervso©> P> BS497
pressure ratings for pipe O -

St gy S SPRS5T ZLRAE P30S
thermoplastics  materials  (metrig 2 -
series . srs0. 25 oo

) S5222E LGRARA FR2 25 330 25,2 BS3416
: e S Asge  SRLAAS  LZARAE o~ s Gk
Precast concrete pipes, fittings angd - z -z 20 7
. o, e co ¢co oo O
ancillary products AT i
Specification for solvent cement for £=5-238. 5 ZZAZ 2320.205% S4i~35 BSA14T
- - zo0¢ -~c¢ oz ~r~- c0cCcoO >ece o~ 3 oo o
non-pressure  thermoplastics ~ pipgs~s-24 <> Sreascre g5 M Forgs srev
systems R i el e 3 1
Vitrified clay pipes and fittings anfl & 328,28 422 252, 2252 225 Af ~55 BS4315
pipe joints for drains and sewers S52%
Ductile iron  pipes, flttlngs,;;;;;; sris aLES5AC 5545 gxcav BSA483
accessories and their joints for water o. «  _co
SRV —  r—
pipelines
Shvsis ZLRAE 2223Res; ph 55 42 BSA504
Ductile  iron  pipes, fittings, o . oo
. . .. (ze’/“.r'—'z /""'} ’—’c’/"/‘.)'
accessories and their joints far
sewerage applications. $2 adhi sa Z2les ‘,o/ é’/y"/‘lff g:,"_,f,} BS5911
0o~- 0 20¢ > o ¢ ¢ c
ALISAFA I A
PVC-U Underground Drainage -
J Flomsns 2o 225r 2.020 222, BST263
SyStem © 0o~ 0r 2 s ©o oo <
’—'e’j“/g./ly /!'A — SV S A
Specification for solid wall /
. o 5547 BS8005
concentric external rib-reinforced
UPVC sewer pipe Sp2sp 5 2 $242,3,% BSBOL0
Specification for unplasticised e sro e osre o
LYo Avrre FOIA S SE B4

PVC pressure fittings and




assemblies for cold potable water|
(underground use)

WIS 4-52-01 Specification for polymeric anti-

corrosion (barrier) coatings

B5 Concrete Works

BSEN 206-1 Concrete- part 1: Specification
Performance, Production and
Conformity (BS8500-1 Concrete
and BS8500-2).

BS4027:1996 Specification ~ for  Sulphate
Resisting Portland Cement

BSEN 12504 Testing Concrete

BSEN 12620 Aggregates  for  Concrete.
(ASTM):

1 American Society for Testing and Materials

2 ASTM Book of Standards Vol 1.04:02
Concrete and Aggregates

3 ASTM A615/A615M-05a, Standard
Specification for Deformed and Plain
Carbon- steel Bars for Concrete
Reinforcement.

4 ASTM C 109/C 109M-05, Test Method for
Compressive Strength of Hydraulic Cement
Mortars (using 2-in. or 50-mm Cube
Specimens).

5 ASTM C 150-05, Portland Cement
Sulphate Resistant Type.

6 ASTM C309-03, Specification for liquid

Membrane Forming Compound for Curing
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Concrete. :fg;) Al "y — L ;’,'i;}‘ pry-34 ,,.:’,:,i;
L (P

7 ASTM C494/C 494M-05, Specification for zz
Chemical Admixtures for Concrete. ASTM| « - 35 pa Sitey o EpSRE ES2.7 BSSOLL
AT775/A7T75M-04a, Standard Specification 0 020c5 0c ce

-

for Epoxy- Coated Steel Reinforcing Bars.

wFRazsE leliibs L iP2% BS 6209
”

8 ASTM C827-01a (2005), Test Method for
Change in Height at Early Ages of

s
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9 ASTM C 939-02, Test Method for Flow of
Grout for Preplaced- Aggregate Concrete . o
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B6 Road Works SelE MG Saep wlagiianie
BS 410 Specification for test sieves iris Sapli ZLRAE 453~ 3574 BS EN 598

BS 812 Testing aggregates
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BS 882 Specification for aggregates from
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BS 1377 Methods of test for soils for civil
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Annex X z
Environmental Protection ;,,;;,‘,’;j SaflE S2f o 23225.,2 WIS 4-31-07

The following table provides a list of probable

impacts related to the construction of the works. | (<5x8) 5252252 2325225 S-5,5F WIS 4-52-01
The list is not exhaustive and a full scale EIA must Al fS 522 2pE
be prepared and approved prior to any construction

« ags . . 0/0/0’/_‘/ [-d © 0 > B5
activities taking place. The resultant environmental ALLYAr=S Boir v

management plan shall be adhered to at all times
_ ) mi Lt ae 31 gxSAY BSEN  206-1
during construction. TR - T e




Condition of work site éxS54F BS8500-1) gff;;‘ so AR 23555
+  Problems posed by dust during excavation, (BS8500-2 s>
noise, fuel spillage and discharge of /
exhaust fumes from machineries and | fg23— L2587 2Ret.—i £557 BSA027:1996
plants, uncontrolled dumping of depleted rores
spares, conditions at temporary living
quarters, and construction of site sanitation. e 52‘ A% BSEN 12504
* Road blocking during construction of
2psiis fexfiC BSEN 12620

sewerage and facilities.

» Damage to the location of work such as {(ASTM)
soil displacement, tearing of roots, possible
rupture of underground service. L Sasgs PA4 Septe g g Aipss

« Disturbance to existing sanitation pipes. Se a8 SiliRES S5E5L55 45 ExP Y 2

» Possible damage to gravity and force-main > Vol 1.04:02 -3.5. I3 =55
pipes, and to septic tanks due to accidental ExCAY «ASTM A615/A615M-05a -3
vertical loading from wvehicles and other ,‘::,;; P :;f: Z2RE ;g;;Lf;:,;
construction activities By f Sl RBS 522 ;E,,_,_ 222

I3 o Po -
. . — Zrxiaz «ASTM C109/C109M-05 -4
Trench excavations and Public Safety e 2T »
« Excavations near property lines and ErTE prsErT SrAgsY SemE2

ASEERAE 2 .My 50mm s34 .:(/.4 2)

S2355 S 2gt. i E555 ASTM C150-05 -5

buildings causing problems with stability

of walls and adjacent properties.
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» Disturbance or loss of top soil inside the
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household garden plots.
 Damage to island vegetation due to

excavation and construction works. oo oo owcoc o0 o
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Accumulation of waste material RE 50 Sa8F L2258 55 igr: ZLRAE
+ Waste generated during construction (205

activity stockpiled on site for long periods.




» Lack of mechanisms to dispose of wastes

on islands.

Damage to underground services
» Disruption of underground services during
trenching.
» Damage to services at shallow depth within
the pressure zone of moving loads such as

wheels of vehicles used by contractor

Dewatering
» Dewatering should be done in accordance
with the dewatering guidelines of URA
» Possibility of contamination by saline
intrusion into the soil
»  Loss of freshwater-if-freshwater-discharged
to sea.
» Loss of fines in the soil that contribute to
differential  settlement  of  existing
structures, and the effects on the growth of

plants.

Impact on Groundwater
» Spillage of oil and other construction
chemicals
» Backflow of salt water through pipes at
high tides.
» Dewatering impacts on water take level

causing saline infiltration

Impacts on Marine environment
» Turbidity during anchoring pipe to reef
edge
« Damage the reef or lagoon environment
during pipe installation.
« Ifabarge or a boat is required during work,

improper waste fuel and garbage disposal.
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»  Anchor damage/ collision damage to reef.
Blasting of reef during trenching work.

Annex X
C
Operations and Maintenance, Maintenance,
Training, Manuals and As-Build

C1 Training, and Maintenance

Manual

Operation

The operations and maintenance manual shall
include:

 manufacturer’s information about each

pump;

» maintenance requirements for each pump;

* manufacturer’s operations instructions for

each pump;

» as-built wiring drawings;

» as-built drawings;

» copy of commissioning test results and all

other records;

» contact names, addresses and phone
numbers of suppliers of and service agents
for the pumps and control system.

C2 Trial runs and commissioning

1. After execution of works a trial run the
be

undertaken to demonstrate satisfactory

sewerage collection network shall

performance of the system. In the event
that the plant or any of the facilities do not
satisfactorily ~ achieve  the  required
performance standards during this period,
the trial run period shall be extended until

all deficiencies are satisfactorily rectified.
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2. 2.
of the collection network and the physical

Completion of the successful trial run

completion of all other Works shall be

achieved before commissioning.
Commissioning shall be undertaken of the
entire works inclusive of all necessary
mechanical, electrical, instrumentation and
control systems. The commissioning shall
be undertaken by operating the system 24
hours continuously. The entire Works, as
designed and constructed, must operate as
a fully integrated system which is capable
of achieving the required output and that
each individual component performs in a
manner which is complimentary to that of
all other components. In the event that
the system does not satisfactorily achieve
the required performance standards during
this period, the trial run period shall be
extended wuntil all deficiencies are
satisfactorily rectified. Commissioning of
the plant will be deemed to be completed
after the plant has been operated trouble

free.

C3 Record Drawings (As Built Drawings)

1. Reproducible drawings of the whole works
(As-Built) shall be

provided. The drawings shall be produced

"as constructed"

to a standard similar to that of the
be

provided to the relevant authority with 3

Construction Drawings and shall

months of the physical completion of
works.

2. Record drawings shall include the positions
and extent of all support construction left in
any excavations and exact locations of all

services encountered during construction.
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Record drawings shall be prepared and
approved by an engineer as the work
proceeds and shall be handed to the
relevant authority on completion.

C4 Training of Personnel and Others

1. A 3 months comprehensive training
program facilitated by a skilled operator
will be provided for local operations and
maintenance personnel following the
signing of handing over Certificates. The
training shall include practical training
on all aspects of the operation,
maintenance and routine repair of the
whole sewerage collection and pumping
network, sewage pumping stations,
WWTP, equipment and facilities under
normal and special operating conditions.
The training shall include but is not
limited to training related to process,
mechanical, electro-mechanical, electrical,
instrumentation and control equipment
supplied and installed.

2. For the purpose of training to maintain the
said facilities and equipment, proper
training manuals based on operation and
maintenance manual and checklists shall be
provided.

3. An awareness and training program for the
Island community, Island Office staff,
utility company staffs and other personnel
that may be in-directly involved with the
maintenance of the household sanitation
and public sewers shall be provided. The
awareness program should include aspects
related to community participation during
the construction since most of the work

will be executed within or close to the
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C5

All

houses and properties to be connected.

Manuals

the manuals related to operation and

maintenance shall be provided in both English and

Dhivehi language

C6

1.

Operation and Maintenance and spare parts
Operation and maintenance of the
constructed, hydraulically tested and
successfully commissioned plant along
with electrical and mechanical equipment
and instrumentation shall be provided for a
period of one year from the date of final
completion during which period all
chemicals and consumables operating and
maintenance staff shall be provided.
Reasonable spare parts and replaceable
fittings for the sewer jetting equipment and
the standby power generator provided by
the supplier(s) to ensure proper and trouble
free operation and maintenance for a period
of 1 year.

Any accessories and spare parts and
consumables which are not specifically
mentioned in these specifications, but
which are usual or necessary for the
successful performance of the system shall
be provided over the defects liability
period.

To the maximum extent practical and
feasible, supply of plant and equipment
shall be standardized on the manufacture
so as to minimize the operation and
maintenance requirements.

All plant and equipment which require
routine and periodic maintenance shall be

and installed in a manner which will
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facilitate such operations.

6. If at any time during testing,
commissioning or defects liability period,
any of the quality and process parameters
cannot be reached, all necessary
modifications to the civil structures, the
mechanical, hydraulic, electrical and other
components of the plant, or modify the
operation procedures and the chemical
dosing parameters in order to achieve the
required performance of the plant.

7. The defects liability period shall typically
be one year from the date of final

completion.

ANNEX X
SCHEDULE OF MAKES (ELECTRO — MECHANICAL
ITEMS)

A Schedule of popular makes of Electro-
Mechanical items is furnished below; the list is not
exhaustive and contractors may consider other
equivalent products as well.

Submersible Kishore/Grundfos/KSB/Johnson/

Pumps Equivalent Vertical
Turbine Kirloskar/Jyoti/M&P/Worthingto
Pumps n/Fair Bank Morse
Motors Kirloskar/NGEF/Jyoti/BHEL/Cro

mpton Greaves

Valves (sluice  Kirloskar/Four ESS
valves  and
non-return

valves)
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HOT crane

Exhaust fans /

Ceiling Fans

Power

Transformers

11 KV /6.6
KV switch

gear

415 V Switch
Gear and

Control Gear

Cables &C
Cables

Lighting

Fixtures

Instruments

and Controls

415V CBs

Relays
Control and

Relay Panels

Pressure

W.H. Brady & Co. Hercules
Hoists Ltd. (INDEF)/Sharp
Engineering Pvt. Ltd.

Bajaj Electricals/Crompton
Greaves/Jay Engineering Works
(USHA)

NGEF Bharat Bij lee
Ltd./Kirloskar/Crompton
Greaves/BHEL

Jyoti Siemens/Crompton
Greaves/Kirloskar/MEI

L&T Siemens/ Control ~ and
Switchgear/BhartiaCuttler
Hammer/H
Elecon/ELPAN/ENglish

Electric/Crompton Greaves

CClI
Incab/Universal/Tropodur/Equiva

lent

Philips/Crompton

Greaves/Bajaj/Equivalent

Automatic Electric Universal
Electric/MECO Instruments Pvt.
Ltd./Industrial Motors (P) Ltd.

English Electric/Larsen &
Toubro/Siemens/Kirloskar/Cromp

ton Greaves

English Electric/Jyoti Universal
Electricals Ltd./EasunReyrolles
Relays/Hindustan Brown
Bowery/MEI

Manometers India Ltd./H Guru
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