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1 DRILLING OF NEW TUBE WELLS

1.1 PREAMBLE

The Contractor shall be fully responsible to drill newTube Wells of 1 Nos in each reservoir Zone
and are to be developed. The contractor shall undertake a pump test and determine a safe yield of
each TW and install pumps of right capacity with suitable electrical system along with electro
chlorinator, valves, piping and flow meter etc. as described under the scope of services so that the
TW system as a whole operates as a fully integrated system which is capable of achieving the
required output in an efficient and economical manner, and to include all plant, equipment and
accessories required for the safe and satisfactory operation of the facilities.

1.2 TIME FOR COMPLETION

The TW related all works will be completed in two month time from the initial take over /
commencement date.

1.3 DRILLING OF NEW TUBE WELLS

One Tube well are to be drilled in each reservoir Zone in the place, where it is identified by the
ground water investigations done by the Engineer. The exact locations shall be shown by the
engineer and the contractor has to drill the tube wells in the specified locations, The tube wells shall
be drilled in accordance with specification laid in the IS 2800 part 1 1991 and are described below

1.3.1 Test Hole Drilling

The promising points shall be identified on the basis of Vertical Electrical Soundings (VES)
(Resistivity Survey & Investigation) data analysis and interpretation shall be taken up for test hole
drilling. It will be confined around the area indicating the permeable strata. Initially within the
Bhagalpur Town 3 test holes of 600 mm diameter and varying depth between 150 m below ground
level shall be drilled. Depth wise samples of sub-surface formation material encountered during
drilling shall be collected and analyzed, to check the occurrence of permeable strata within the
explored depth and its thickness.

Initially diameter of hole for Tube Well shall be 400 mm and the depth to be kept as 150m below
ground level. On completion of the pilot hole litho log shall be prepared. Based on the physical
observation of aquifer material and logging results corrected litho log shall have to be prepared so
that productive aquifer zones are to be identified and well pipe assembly shall be recommended for
providing screen pipe part. The slot size shall be selected based on the grain size distribution of
aquifer material and thereafter pilot hole shall | be enlarged to 600 mm diameter. On completion of
reaming (enlargement) of pilot hole, pipe assembly shall be lowered into the enlarged hole. The
annular space between the hole and pipe shall be packed with pea size gravel from bottom of well
up to the depth of recommended clay packing .For providing sanitary protection from the top of this
gravel base up to ground level, a perfect clay packing with impervious clay shall be provided.

Thereafter the well should be developed using compressor of suitable capacity.

1.3.2 CASING PIPE SIZES AND LENGTHS

The length of the casing pipe is selected on basis of static water level, the draw down, the
discharge expected from the well and the size of pump to be installed. The size and length of
slotted/strainer pipes are selected according to the actual requirement according to the strata met
with, the expected discharge and the depth of tube well. The casing pipes of 300 mm shall be
adopted and shall generally conform to IS 4270: 1983 and the slotted/strainer pipes shall conform
to IS 8110: 198. In the portion where use slotted pipes, 200 mm dia pipe shall be used. A reducer
shall be used to connected plain casing pipe and slotted casing pipe. At the bottom, a 200 mm size
MS bottom plug shall be used. 300mm MS clamp shall be provided at the top of the casing pipe to
hold the casing pipe in its position. At the top of casing pipe a 300 mm MS cap shall be fixed to
protect the Tube well.
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First ERW (Electric Resistance Welded) FE410 Mild steel threaded and socked/plain ended
confirming to IS 8110 of reputed and approved make shall be used. Plain slotted pipes having a slot
size of 1.6/3.2mm having wall thickness not less than 5.40mm shall be used and the pipe shall be
painted outside surface with two coats of anticorrosive bitumestic paint of approved brand and
make. The rates includes all the rate for labour charges for erection for all depths, fittings and
accessories required and all the machinery and labour charges for erection.

The slotted pipe shall be plugged by 200mm Ball plug/Bottom plug as per specification mentioned
in 1S 2800:; part 1

At the top of slotted pipe, ERW ( electric Resistance welded ) FE410 plain mild steel screwed and
socketed pipes/plain ended pipes shall be lowered and fixed vertically in position in bore well and it
shall confirm to IS 4270 of reputed and approved make. The MS casing pipe shall be painted in
outside surface with two coats of anticorrosive paint of approved brand and make. The rates
includes all the rate for labour charges for erection for all depths, fittings and accessories required
and all the machinery and labour charges for erection.

MS Clamp of 300 mm size shall be fixed at top of 300mm plain MS pipe/housing pipe of Tube well
to hold the entire plain and slotted MS pipes as per specifications mentioned in 1S2800: part 1. The
cost includes the cost of bolts& nuts required, and all other labour charges for fixing the above.

The slotted pipe and Plain MS pipe shall be joined by 300mm x 200 mm MS Reducer.

DESIGN OF SCREEN SLOTS

The entry of water in the tube well shall be either through screens or slotted pipes. Following are
the various types of well screens and slotted pipes used in water wells depending upon the type
and size of well:

a) Plain slotted pipe,

b) Bridge slotted pipes,

¢) Mesh wrapped screens,

d) Cage type wire wound screens,

e) Pre-packed resin bonded gravel screens,

f) Brass screens.

The design, selection and type of screen or slotted pipe, size and distribution of slots shall be in
accordance with 1S 8110: 1985.

Thereafter pilot hole will be enlarged to 600mm (20”) diameter. On the completion of reaming
(enlargement) of pilot hole pipe assembly shall be lowered into enlarged hole. The annular space
between the hole and pipe will be packed with pea size gravel from bottom of well up to the depth
of recommended clay packing .For providing sanitary protection from the top of this

1.3.3 GRAVEL PACKING

All gravel to be, used as pack in tube well construction shall be as specified in IS 4097: 1967. The
thickness of the gravel shroud around the screen shall generally be not less than 10 cm.

In percussion method of drilling, -gravel is fed into the annular space between the casing pipe and
the assembly pipe up to 3 m above the bottom of the slotted pipe. The well is developed using
compressed air or by bailers and as the water becomes clear, surging or backwashing is done to
make the development more perfect. More gravel is fed, if necessary, and when the water becomes
free from sand, the casing pipe is jacked up to some height, and the process is repeated until all the
aquifers are gravel packed.

In rotary method, the pipe assembly is lowered into position and gravel packing may be done up to
a suitable depth below the bottom of the housing pipe in the first instance. Thereafter the gravel
packing up to the required depth is completed after keeping the housing pipe vertical within limits.
To achieve uniform gravel packing around the pipe assembly inverted cones should be used.

A provision for a well base to eliminate the possibilities of subsidence of the well structure may be
incorporated. If the bottom of the well is in a soft formation, the well should be provided with an
artificial base for the casing and screen by over drilling the hole about 1 to 2 m and filling the extra
depth with concrete or gravel.

1.3.4 DEVELOPMENT OF TUBE WELL

The drilled well shall be developed by any of the methods specified in IS 2800: (partl) and IS
11189: 1985 depending upon the site conditions in order to get maximum sand free yield. The
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development process shall be continued until the stabilization of sand and gravel pack has taken
place. The development shall be done to establish maximum rate of usable water yield without
sand content with required capacity of air compressor 250 PSI. The compressor shall be operated
for required time till well is fully developed.

The development of the tube well by over pumping should be done at I5 percent to 25 percent
higher discharge than the expected discharge from the tube well. The final discharge should be free
from sand with a maximum tolerance of 20 parts of sand in one million parts of water by volume
after 20 minutes of starting the pump.

The discharge in the Tube well shall be totally sand free. If the discharge is not sand free after 20
minutes of starting the pump, the well shall be redeveloped. In case the discharge is still not sand
free even after re-development, the pump set of lesser discharge capacity may be installed to get
sand free water suitable for drinking. The turbidity and hardness of water of wells used for drinking
purposes, shall be as specified in IS 10500:1983.

After completion of development by over pumping, the well shall be tested for its performance that
is yield characteristics and efficiency.

For conducting pumping out test, the main well should be fitted with submersible pump & motor of
appropriate capacity.

For uninterrupted continuous power supply, Diesel Generator set of appropriate capacity must be
used. Flow Meter method should be used for periodic discharge measurement of pumping well. The
discharged water from the discharge pipe should be diverted at long distance in river/stream flow to
avoid induce infiltration.

The electrical sounder and tapes should be used for measurement of water level. The time should
be measured using Stop Watch.

The static water levels in the pump well and observation wells should be noted before starting the
test. The time interval for water level observation and its measurement during pumping should be
kept small initially and be increased as pumping period increased. Sufficient technical persons
should be deployed for monitoring data at pumping well, observation well.

1.3.5 Recuperation Test

When the pump is stopped after running the pump out test, the draw down and time at which it was
shutdown are recorded. Measurement of water level is immediately initiated in the pumped well and
in all observation wells. The same procedure and time pattern is followed as at the beginning of a
pumping test. As in the pumping (Test) well, the time and depth -to-water level are noted for each
measurement. Within reasonable length of time original static water level may not be recuperate to
original level. This test should be concluded when water level was recuperated almost 90 percent.

The data collected on discharge measurement. pumping water level and recuperation should be
used for drawing different graphs for applying various applicable methods of analysis for estimating
the hydraulic characteristics of aquifers like Transmissivity (T), Field Permeability(K), Specific
Yield , Storage Coefficient (s’), Specific Capacity (Sp. Cap) Radius of Influence (R) etc.

This shall be achieved by conducting a step draw down test-determine drawdowns at the end of the
hour by pumping at 3 to 4 different rates of discharge. The measurement of yield in the well shall be
done by V notch method or any other approved method measuring static water level & draw down
etc. by step draw down method, collecting water samples and testing the water samples in the
laboratory approved by the Engineer and disinfection of tube well shall be done after completion of
all the works. The rates includes hire charges for machineries required, labour charges for erection
and operation of compressors, pump set, tools and all the accessories. After completion of test, the
pump set used for the pumping test shall be removed from the tube well and all the sites shall be
cleaned properly. The MS casing pipe of tube well shall be plugged by the MS cover plate or MS
cap and the tube wells shall be protected until the pump is erected in tube well.

1.3.6 DISINFECTION

The well shall be disinfected after completion of test for yield. All the exterior parts of the pump
coming in contract with the water shall be thoroughly cleaned and dusted with powdered chlorine
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compound. In fact it should be disinfected every time a new pump is installed or the one replaced
after repairs.

A stock solution of chlorine may be prepared by dissolving free chlorinated lime. For obtaining an
applied standard concentration of 50 ppm. One litre of the stock solution should be used to treat
300 litres of water.

The quality of water from the Tube well should be as laid down in IS 10500: 1983.

Grouting and sealing of tube well shall be done, depending upon the site conditions and quality of
the discharge of the strata encountered. To ensure that the grout will provide a satisfactory seal, it
should be applied in one continuous operation. Sealing of the tube well may be done by grouting
the annular space between bore and the housing pipe, thickness of grouting depending upon the
quality of water. The grouting and sealing shall always be done to ensure safe sanitary conditions.

It is desirable to plan an oversize bore hole of 675 mm more than the diameter of the well casing to
an adequate depth during the design of well itself up to the level of plain MS casing pipe. The bore
hole shall be reduced to 500mm at bottom where the slotted MS casing pipe are erected. The
depth to be grouted varies with geologic and site conditions but a depth of 3 to 4.5 m or the depth
specified by the Engineer during construction from the surface is generally adequate.
1.3.7SURFACE APRON

An apron around the well and sloping away from it protects the well from pollution caused by
contaminated water flowing back into it and prevents muddy pools of standing water forming around
The housing pipe should be closed by a well cap for the period between the completions of the tube
well and the installation of the pump set.

The following information shall be furnished by the drilling agency on completion of the tube well:

Total depth of tube well drilled,

Strata chart of the tube well indicating different type of soil formations met with at different
depths and indicating the depth of each type of soil formation,

Samples of strata collected, neatly packed and correctly marked in sample bays,
Position of every joint in well assembly,

Method used for development,

Total hours of development done,

Developed discharge in L.P.S.,

Discharge is totally sand free or presence

of sand patrticles is there,

P.P.M. and turbidity after development,

Pumping water level at developed discharge,

Static water level.

v
v
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1.3.8 INFORMATION TO BE FURNJSHED BY DRILLING AGENCY TO ENGINEER ON
COMPLETION OF TUBEWELL

1. Agency drilling the tube well......................

2. Location of the tube well...............cccone.

3. Method of drilling adopted.........................

4. Date of starting.............ooeeeuuvnneen. e

5. Date of completion.........cccccceeviiiiiniiennen.

6. Pilot hole or test hole......... Bit size..........
Bit type ......... Hours .............. from...........
L0 i,

7. Coring done............... Bit size................ Bit
type ............ Hours ......... Recovery............
............ from... coooeee 10

8. Reaming .........cc....... Bit size.......ccccvvvineee.
Bit type............ Hours... .......... from..........
............... t0. o B

9. Lithological data

10. Total depth of tube well drilled . . . .. ..............
11. Assembly of production well... ....... Size......
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Perforation per metre............ccccvveeeee..
HoUuSING PIPE....coovvreiiiiiiiiiceeiienn
Blind pipe......ccvvvveiiiiiiieiieeee
StraiNer.......oooi i
Bail plug......cocvvveeiiiiiiiiice
12. Top of tube well above/below ground level...._......cccccococvivninnne.
13. Size of gravel............ Quantity used before
development............ Quantity used during
development..........cccceevvveneenn.
14. Method used for development.....................
Total hours of testing...........cccceeeueeee.
15. Development discharge...............cccuveeeee.
16. Turbidity....ceeveeeeeeeiiiiiiiiee e
17. Further details appended:
a) Samples of strata, neatly packed in sample bags,
b) Chart of pipe assembly lowered, and
¢) Results of mechanical analysis of samples of unconsolidated strata.
18. Remarks:
Static Water level will be measured in the TW and recorded. The diameter of TW housing pipe and
total depth of TW will be measured and recorded.

The other conditions that are to be followed by the contractor are as follows:

e All above work should be carried out as per the standard practices and as per relevant BIS
Code for such type of works;

e No deviation in method of construction or material shall be entertained.
o All materials to be used should be as per the specifications of BIS;

e The Contractor will ensure all statutory compliances and clearances;

e The Contractor will ensure compliance with the Safeguard policy;

e The Contractor will be solely responsible for the safety of its manpower, machinery and
loss to any third party;

e The Contractor will have to provide safety gears like Helmets, safety jackets, safety belts,
Hand gloves, shoes, etc. to all staff at site and ensure all health and safety aspects;

e The Contractor will ensure proper lighting arrangement if the works are carried out during
bad light conditions and night hours;

e The Contractor will take necessary measures to avoid/minimize noise pollution (near
VGDS) river; and

e The Contractor will ensure that no excavated material goes into the river.
e The water sample shall be analyzed only in the NABET accredited Laboratory

e The Contractor shall be responsible for the safety of all the activities on the Site.
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2.SUB-SECTION 1: PUMPING MACHINERY

2.1 PUMPING MACHINERY

All the 3 TWs which are drilled will be provided with new pump sets. The pumps will be of
Submersible pump sets as described in scope of works and services. Contractor will design the
capacity of the pump based on safe yield of TW determined after development, submit for approval
by the Engineer who will also determine corresponding and pumping head required.

2.2 SUBMERSIBLE PUMP SETS
2.2.1 SCOPE

This includes supply of ISI marked submersible Pumping Sets comprising of Submersible Motor of
sufficient horse-power coupled to a Pump of required duty conditions as per detailed specifications
given below. The Motor shall have cable leads of length equal to the proposed pump lowering
depth in the TW and length required to connect to the motor starter with 5m extra length in each
case. The submersible pump set will have a minimum OD of 150mm but less than nominal bore of
housing pipe of TW for smooth installation.

2.2.2 DESCRIPTION

e The Submersible Pumping Sets shall be ISI marked as per IS 8034 (specification for
Submersible Pumping Sets for clear, cold fresh water) (amended or revised up to date), 5
star rating as per BEE and should be as per provisions/ specifications mentioned
hereunder.

e The overall efficiency of 5 star rated submersible pump set shall be in accordance with star
rating plan of BEE for pump set.

e The electric motor is to operate through 3 phase 50 c/s A.C. Supply of 415 volts + 6%
&-15% volts i.e. between 352 to 440 Volts. The preferred speed shall correspond to 2 pole
motors [3000 rpm (synchronous)]

e The Pump sets shall normally be installed in bore wells and should be suitable for
conditions existing for ground waters generally available in Bihar. The water to be handled
by the Pump sets may have Total dissolved Solids 1500 PPM (max), Turbidity up to 50
PPM (silica scale) Chlorides 1000 PPM (max) and PH value between 6.5 to 8.5.

2.2.3 DETAILS OF PUMPS

e The material of construction of various components of the pump shall be as under:

S.No. | ITEM MATERIAL OF CONSTRUCTION
1 Discharge casing (if | Cast Iron Grade FG 200 of IS: 210-1993
provided)

2 Suction casing Cast Iron Grade FG 200 of IS: 210-1993

3 Pump bowl Cast Iron Grade FG 200 of IS: 210-1993

4 Diffuser Cast Iron Grade FG 200 of IS: 210-1993 or glass filled
Polyphenylene oxide (modified PPO) or glass filled
Polycarbonate of IS 8034

5 Pump shaft Stainless steel grade X 04 Crl12, X 12 Cr12 or X 20Cr13 of IS:
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S.No. | ITEM MATERIAL OF CONSTRUCTION
6603
6 Impeller for radial | Bronze grade LTB 2 of IS: 318 or Stainless steel grade X 12
flow/ mixed flow Cr12 of IS 6911 or IS 6603 or glass filled Polyphenylene oxide
(modified PPO) or glass filled Polycarbonate of IS 8034
7 Casing wear ring (if | Bronze Grade LTB 4 of IS:318
provided)
8(a) Bearing bush Bronze Grade LTB 4 of 1S:318 or Nitrile rubber/ Cutless rubber

8(b) Bearing  bush in | Bronze Grade LTB 4 of 1S:318
discharge & suction

e The thickness of impeller vanes shall be as per IS 8034:2002 (amended up to date).

e The rotating element (as assembled rotors) of Pumps should be dynamically balanced at high
speed. Each metallic impeller shall be dynamically balanced to grade G 6.3 of 1S-11723 (part-
) for ensuring smooth performance free of vibrations.

. The coupling shall be preferably of mesh type rigid sleeves coupling of stainless steel non-
slip type with matching groove, collar and key way arrangement.

e The pump shall be tested for operating head range of not less than +10 percent and -25
percent of the rated duty head (i.e. head as worked out by the contractor and approved by the
Employer’s Representative). The duty point of pumps shall be located near the peak efficiency
and there should not be steep fall in Q V/S H, efficiency curve in the head range of +10% and -
25%. This entire range should be on the stable portion of the curve

2.2.4 DETAILS OF MOTOR

e The motor shall conform to IS: 9283-1995 (amended up to date). The motor shall be of
continuous duty (type S1) specified in IS 12824: 1989.

e The Motor stator should be easily rewire-able and winding should be easily accessible to
facilitate checking and locating of any fault without disturbing the full winding and to replace
defective coils. It should be possible to rewind the motor with readymade pre tested coils.
Insulation shall be class F but temperature rise shall be limited to that for class B insulation.

e The stator body should preferably be shrunk fitted instead of being only press fitted. The stator
body should be tightly welded on the stamping assembly and adequate arrangement should
be provided for stopping of rotation or shifting of stampings inside the stator body preferably by
providing matching grooves in the stamping assembly and the stator body. Metal rings with
rounded fingers should be provided on both ends of stamping.

e Threaded joints in the motor should be avoided to prevent damage due to rusting. Bearing
housing should not be threaded but located on spigot and held by suitable bolts.

e The rotor as well as stator should be impregnated under vacuum for air drying and both should
be baked repeatedly under controlled conditions to ensure long life of varnish/ galvanising/
chrome plating/epoxy and to give a hard finish to the motor surface. The rotor should be
dynamically balanced at high speed.

o All the material and components for the motors shall be suitable for application in respect of
corrosion resistance and mechanical performance continuously under water. The typical
materials to be used for various parts of motor are given below:
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S.No. | ITEM MATERIAL OF CONSTRUCTION

1 Bearing housing & base Grey cast iron Gr. FG-200 of IS 210:1993

2 Motor shaft Chromium steel Gr. 04 Cr 13, or 12 Cr 13, or 20 Cr
13 of IS: 1570 (Part-5) 1985.

3 Bearing bush Leaded tin bronze LTB 3, LTB 4 or LTB 5 of IS
318:1981 or Resin bonded carbon metal or Rubber
or Rubber lined

4 Rotor laminations Electrical sheet of IS 648:1994

5 Rotor conductor core Electro grade copper of IS 613:1984

6 Stator laminations Electrical sheet steel of IS 648:1994

7 Stator  winding wire | Electro grade copper of IS 613:1984

Conductor

8 Stator  winding  wire | PVC or with polymer of IS 8783:1978

insulation

9 Breather diaphragm Nitrile rubber

10 Thrust bearing Vulcanized fibre v/s chromium steel or vulcanized
fibre v/s bronze

11 Cable gland Nitrile rubber

12 Stator Casing Grey Cast iron FG 200 of IS 210:1993 or Carbon
steel (sheet or pipe) or stainless steel sheet Gr. 20
Cr 13 of IS 1570:(Part 5):1985

The materials indicated are typical. Manufacturers may use materials of properties superior
to the properties of materials indicated above in manufacturing submersible motor.

The thrust bearing should be water lubricated and of hydrodynamic Mitchell type and should
be able to take all untoward loads at most unfavourable running conditions. It should have
swivelling metallic thrust pads.

The output motor ratings shall be as per Clause 6.3 of IS 9283:1995 (amended up to date).
The motor rating beyond 15 kW shall be as declared by the manufacturer. The motor shall be
capable of delivering rated output with variations in value of voltage and frequency for
Category B as per clause 6.2.2 of IS 9283:1995.

The motor shall be suitable for entire working range of pump from +10% to -25% of the rated
duty head . The motor shall not get overloaded in the entire working range. The criteria for
checking non-overloading shall be that maximum current in entire range shall not exceed the
limits specified in Table 1 (clause 7.1) of IS 8034: 2002 for various ratings between 1.1 kW to
15 kW. In case of motor rating more than 15 kW the manufacturer has to declare maximum
current, which the motor can take. The permissible limit of maximum current in the operating
head range for checking non-overload requirements is 1.07 times of Maximum current
declared by the manufacturer.

SUBMERSIBLE CABLE

The cable shall be ISI marked as per IS 694:1990. It shall be PVC insulated and PVC
sheathed, flexible, 3 core flat type having copper conductors suitable for working voltage up to
and including 1100 Volts. Size of Cable shall be such that voltage drop between motor starter

Balance works in Ten OHSRs Zones of Water Supply system in Bhagalpur Municipal Corporation — (BWSP 01 —
Package 02)




Volume lI- Particular Specifications, Part 1 - Construction Vol ll Part1-11

and motor terminal does not exceed 3% of rated voltage. The method of starting of
submersible pump set will be as follows:

S.No. Motor KW Rating (in KW) Type of Starting
1 Up To 5 KW Direct on line

2 From 5.1 KW to 100 KW Star Delta

3 Above 100 KW Soft Starter

2.2.6 TESTING & INSPECTION

e Testing of the pump sets shall be carried out as per relevant IS codes. The inspecting agency
shall test & inspect the pump set and cable as per details given below. The manufacturer shall
have all required facilities and shall get pump sets tested & inspected in accordance with
procedure specified below.

e The manufacturer should have facilities for dynamic balancing at high speed, vacuum
impregnation/air drying of rotors and stator, high tension electrical testing and pump
performance testing. Details in this regard should be shown to the inspecting agency.

e The contractor shall submit detailed test report on each finished pump set and reports of
various tests conducted during manufacture at the time of inspection at works and at the time
of delivery at site.

¢ MARKING: The marking shall be as per relevant IS code. The pump set shall invariably be
marked with BIS standard mark. Purchasers mark ‘BUIDCO' & “Year of Manufacture' shall
also be mentioned along with duty point head, discharge and motor on each pump & motor.

2.2.6.1 Inspection of Submersible Pump sets shall be carried out as per provisions of IS 8034
(amended/ revised up to date) and specifications given above.

2.2.6.2 RAW MATERIAL CHECK: Correlate material certificates to ensure that quality of material
has been used in respect of major components like Bowl Casing, Impellers, Shaft, Motor
casing pipe etc.- (Chemical/physical testing)

2.2.6.3 IN-PROCESS/WORKMANSHIP/ CHECKS:

Verification of vendor's own Q.A. system for incoming items/bought out item's
Inspection and acceptance criteria.

. Epoxy painting quality check of wetted parts of pump & motor randomly to verify
paint thickness.

. Check positive locking of stampings

. Check thrust bearings of motor. These shall be tilting pads type resting on S.S.
balls. Check tilting action. Hardness of thrust bearings pads should be verified on
random sample.
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. Check dynamic balancing records of vendor and randomly check/verify balancing &
calibration of balancing machine.

2.2.6.4 MOTOR TESTS/CHECKS:

e Check H.V. testing of coils after immersion in water for minimum 4 hrs.

e 100% H.V. tests and insulation resistance tests for 12hours after immersing in water
in all motors by vendor.

e 100% motors routine tests as per 1S-9283 & 1S-325 by vendor. Records of test to be
submitted for review of Inspection Authority.

e Type Test of motor - Heat run-Test for each lot/type, at minimum voltage for
performance.

2.2.6.5 PERFORMANCE TEST CHECKS:

e Performance test procedure set up as per IS: 8034/ 1S: 11346

e Run pump for one hour at duty point prior to recording readings for performance.

e Witness performance test in terms of head, flow rate, pump efficiency at rated volts
and minimum voltage specified for motor for at least 4 hours on the selected sample.

2.2.6.6 OBJECTIVES:

(@)To check for any damage during the running of pump set especially with regard to
wearing of parts, general workmanship/surface finish of bearings/castings etc.

(c)Check Running Clearances are within specified limits

(d) Check for locking arrangement of wearing rings, lock-nuts etc.

2.2.6.7 PROCEDURES:

(a)Pump-motor set shall be completely dismantled after performance test.

(b)All components with relative movement shall be visually checked for any objectionable
rubbing/wear/scoring marks.

(c)To check all running clearances/play to ensure they are within specified tolerance.

(d)To check shaft/rotor run out is within design specified limits.

(e)Check for peeling of rotor paint/rusting etc.

2.2.6.8 In case pump set is found not to meet the acceptance criteria during strip test the pump
set will be rejected.

2.2.6.9 MARKING: The marking shall be as per relevant IS code and as per BEE guidelines (for 5
star rated pump sets). The pump set shall invariably be marked with BEE standard mark
(for 5 star rated pump sets). Purchasers mark "BUIDCO' & “Year of Manufacture' shall
also be mentioned on each pump & motor.

2.3 VALVES

2.3.1 GENERAL

Valves shall be suitable for use with the fluid being conveyed at the temperatures and pressures
required for the application. Generally, pressure designation shall not be less than PN1.0 valves
shall have integral flanges drilled as specified in relevant latest IS specifications or BS:4504.
Throughout erection, the valves shall be supported properly on wooden sleepers, etc. and shall be

concreted immediately thereafter, as directed. Before the valves are actually fixed, they shall be
cleaned and greased and it should be seen that all parts are in perfect working condition.
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One Dual Plat Check Valve, one Butterfly valve, one dismantling joint and one Electro Magnetic
type flow meter shall be provided in the delivery pipe of each TW. The size of these items will be
same as that of the delivery pipe. The valves, dismantling joint and the water meter shall be placed
in Valve chamber.

2.3.2 GASKETS AND PACKING

Gaskets shall be of Nitrile rubber and readymade matching with respective flanges. Gaskets cut out
from rubber sheets are not acceptable.

2.3.3 NUT, BOLTS, WAS

The Contractor shall provide the jointing material such as nuts, bolts, washers, pig lead, rubber
packing, etc. with each valve.

All bolts, nuts screws and studs shall be SS 304/316 and shall be designed so that the maximum
stress does not exceed half the yield stress of the material under any conditions. All studs and
screws shall be made of SS304/316.

Washers, locking devices and anti-vibration arrangements shall be provided where necessary.

The Contractor shall supply all holding down, alignment leveling bolts complete with anchorages,
nuts washers and packing required to fix the plant to its foundations, bed plates, frames and other
structural parts.

The Contractor shall procure and keep at site, reasonable excess quantities to cover wastage of
those materials, which will be normally subject to waste during erection, commissioning and setting
to work.

2.3.4 VALVE ACTUATORS
Codes and Standards

This specification covers the general requirements of Electric Motor Actuators for valves. All
electrical equipment shall conform to the latest applicable 1S, ANSI and NEMA Standards except
when stated otherwise here in or in valve specification.

Design Requirements

The actuator shall be suitable for operation in hot, humid, dusty and tropical atmosphere. Type of
actuator offered should be in satisfactory operation under similar conditions. For isolating service,
the actuator shall be rated for three successive open-close operations of the valve or 15 minutes,
whichever is longer. For regulating service, the actuator shall be suitably time rated for the duty
cycle involved with necessary number of starts per hour.

The actuator shall open and close the valve completely and make leak tight valve closure without
jamming. The actuator shall attain full speed operation before valve load is encountered and impact
an unseating blow to start the valve in motion (hammer blow effect). The actuator shall operate the
valve stem at standard stem speed and shall function against design differential pressure across
the valve seat.

The actuator motor reduction gearing shall be sufficient to lock the shaft when the motor is de-
energized and prevent drift from torque switch spring pressure. The entire mechanism shall
withstand shock resulting from closing with improper setting of limit switches or from lodging of
foreign matter under the valve seat.

Features of Construction
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(i)

(ii)

(iii)

(iv)

v)

(i)

(Vi)

(viii)

(ix)

(x)

(xi)

(xi)

(xiii)

(xiv)

The actuator shall essentially comprise integral starter, drive motor, torque/limit
switches, gear train, clutch, hand wheel for manual operation, position indicator/
transmitter, space heater thermal overload protector and internal wiring. The actuator
enclosure shall be dust tight, weather-proof suitable for outdoor use without necessity
of any canopy. The weather protection class of actuator shall be IP 65 for indoor and IP
68 for outdoor installations.

All electrical equipment accessories and wiring shall be provided with tropical finish to
prevent fungus growth. The actuator shall be designed for mounting in any position
without any lubricant leakage or operating difficulty.

The actuator motor shall be three phase, squirrel cage, induction motor with class B
insulation and IP 68 protection, designed for high torque and reversing service.

The motor shall be designed for full voltage direct on-line start with starting current
limited to 6 times full-load current.

The motor shall be capable of starting at 85 percent of rated voltage and running at 80
percent of rated voltage at rated torque. Earthing terminals shall be provided on either
side of the motor.

Each actuator shall be provided with following limit switches.

e 2 torque limit switches, one for each direction of travel, self-locking, and
adjustable torque type.

e 4 end-of-travel limit switches, two for each direction of travel.

e 2 position limit switches, one for each direction of travel, each adjustable at any
position from fully open to fully closed positions of the valve.

Each limit switch shall have 1 NO + 1 NC potential free contacts. Contact rating shall
be 5A at 240 VAC.

Each actuator shall be provided with relay for monitoring the availability of valve for
remote operation. The contact rating shall be 5A, 240 VAC. The available signal shall
comprise of the following:

Actuator mounted Local-Off-Remote. Selector switch set to remote.
No power failure at starter.

Emergency stop not operated.

No drive fault.

The torque switch shall have a minimum accuracy of 3% of set value. The torque
switch shall be provided with calibrated knobs for setting desired torque and separate
knobs shall be provided for open and close torque switches.

The torque and limit switches shall be housed in a separate enclosure with protection
class as that of actuators.

Each actuator shall be provided with a hand wheel for emergency manual operation.
The hand wheel shall de-clutch automatically when the motor is energized.

The actuator shall have:

e One (1) built-in local position indicator for 0 to 100% travel.

e Two (2) position transmitters, potentiometer type of 100 ohm rating for remote
indication.

All electrical devices shall be wired up to and terminated in a terminal box. The internal
wiring shall be of sufficient size for the power rating involved but in no case less than
1.5 mm? copper. All wiring shall be identified at both ends with ferrules.

The terminal box shall be weather proof with removable front cover and cable glands
for cable connection. The terminal shall be suitable for connection of 2.5 mm2 copper
conductor.
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(xv)

(xvi)

(xvii)

(xviii)

(xix)

(xx)

(xxi)

(xxii)

(xxiii)

(xxiv)

The terminals, terminal boards, terminal boxes, winding tails and associated equipment
shall be suitable for connection to supply system having 'adequate short-circuit
capacity and clearance time determined by associated fuses’. The terminal boxes shall
be totally enclosed.

All terminals of limit and torque switches, space heater, position transmitters, shall be
brought to a common terminal box. There shall be at least five (5) terminals spare to
terminate spare cores of cable.

The actuator shall be painted with epoxy paint. The colour shall be got approved from
Engineer.

The nameplate shall be provided on the actuators as per relevant IS. In addition, the
following shall also be marked:

e Tag number
e Torque rating
e Full travel time

Local controls shall be protected by a lockable cover.

Each actuator shall be adequately sized to suit the application and be continuously
rated to suit the modulating control required. The gearbox shall be grease filled, and
capable of installation in any position. All operating spindles, gears and head stocks
shall be provided with adequate points for lubrication.

The valve actuator shall be capable of producing not less than 1% times the required
valve torque and shall be suitable for at least 15 minutes continuous operation.

The actuator starters shall be integrally housed with the actuator in robustly constructed
and totally enclosed weatherproof housing. The motor starter shall be capable of
starting the motor under the most severe conditions.

The starter housing shall be fitted with contacts and terminals for power supply, remote
control and remote positional indication, and shall also be fitted with internal heaters so
as to provide protection against damage due to condensation. Heaters shall be suitable
for single phase operation. The heaters shall be switched "ON" when the starters are
"OFF" and shall be switched "OFF" when the starters are "ON".

The following shall be included as standard feature for valve actuators

e Two (2) DC interposing relays for matching the low voltage of remote commands
with the control voltage.

e The motor shall be specially designed for valve operation, combining low inertia
with a high torque and with linear characteristics.

e Each electric-motor operator shall be provided with a hand-wheel with handle for
manual operation. The hand-wheel shall be automatically de -clutched when the
electric motor is operating, but shall be capable of being engaged at other times by
positioning the clutch lever. The electric operation shall override the manual
operation.

e All motor operators shall be provided with visible local valve position indicators
mounted on the operator assembly itself.

e The torque switch shall function to stop the motor on closing or opening of the
valve, or upon actuation by the torque when the valve disc is restricted in its
attempt to open or close. A minimum of two (2) torque switches, one for closing
direction and one for opening direction shall be provided.

e The non-adjustable limit switches shall stop the motor and give indication when the
disc has attained the fully open or close position.

e All wiring connections from the various switches shall be brought out on to
separate terminal box mounted on the valve, having liberal space for wiring and
making connections.

e The terminal box shall be suitable for outdoor use and shall be weatherproof and
dust tight.
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(xxv) Reversing starters

e The reversing starters shall comprise forward and reverse contactors, electrically
interlocked with each other.

e The terminal overload relays provided with the reversing starters shall be three
elements, positive acting, ambient temperature compensated, time lagged thermal
overload relay with adjustable settings. The setting range shall be properly selected
in accordance with the rating of the motor.

e Thermal overload relays shall be hardest type.

e ‘STOP’ push button of the starter and hand-reset device shall be separate from
each other.

e Overload relay reset push button shall be brought out to the front and made easily
accessible.

e Overload relay shall be provided with at least one ‘NO’ and one ‘NC’ or one
change-over contact.

e The minimum continuous current rating of the Contractors shall be 16Amps for all
actuator valve motors up to 6 kW.

2.4 GEARBOX FOR VALVES

Gearbox must be self- locking type, with a continuous indicator. Traveling nut and screw type of
gearboxes are not acceptable

The gearbox must conform to the provisions of AWWA C-504. The rated torque capability of each
operator shall be sufficient to seat, unseat and rigidly hold in any intermediate position the valve
disc it controls under the operating conditions specified.

The operator must essentially be of worm and worm wheel design, self-locking type with or without
additional spur gear arrangement to ensure that the effort on hand wheel is limited to the pull
specified.

All valve operators shall be equipped with adjustable mechanical stop-limiting devices to prevent
over-travel of the valve disc in the open and closed positions. Either end of the worm shaft must be
provided with needle roller bearing to take on the lateral thrust.

The housing for the gearing must be enclosed and sealed in such a way that there is no leakage of
oil / grease even after long period of un-use and there is no ingress of rainwater. Operator for
valves, which are likely to be submerged in water for long period during the rainy season, must be
watertight.

The hand wheels may be provided with extension for easy grip. The hand wheels must have a
provision for locking with a chain and pad lock. All operators when fitted to the valve shaft must
ensure clockwise closing and this must be indicated on the housing. A mechanical indicator is to be
provided to show disc travel and end of travel.

2.5 NON-RETURN VALVE

Specification of Non-return Valves for water application:

1. The valves shall generally conform to IS: 5312(latest revision) Part 1 (Single
Door Type) for sizes 100 to 150.

2. The valve shall be suitable for mounting on a horizontal pipe line and flow
direction shall be clearly embossed on the valve body.

3. Valves shall have in built quick closing non-slam characteristics achieved by
suitable dispositions of weight on door and the hydraulic passage. No spring
loaded / spring return action or external dampening arrangement is
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acceptable.

During testing there shall be no visible evidence of structural damage to any of the valve
component.

The supply and installation of valve shall include all necessary fittings including bolts, nuts, gaskets,
counter flanges, jointing material etc as required

Manufacture, supply and delivery of DI D/F Slanted seat Tilting Disc Swing Check Valve in single
piece body and closed eye disc construction. The hemispherical disc is inclined nearly 59 degree
for fast open and closing. The corrosion proof and wear resistant disc face & body seat face, both
made of fusion bonded Nickel Chromium weld overlay and micro finished. Body and disc of ductile
cast iron GGG-40, medium free (dry) shafts of stainless steel and bearings of Zinc-free Bronze. The
Electrostatic epoxy powder/liquid coating (EP-P) inside and outside color blue RAL 5005 with
minimum coating thickness of 150 microns. The EPDM rubber & Epoxy Powder should be
approved by W 270. (EP-P a it is a resi-coat powder approved for drinking water application,
applied through fusion bonding technology process by dipping the shot-blasted casted components
heated up to 200°C). Face to face dimensions as per EN 558-1 Series 14 and flange connections
as per EN 1092-2 / 1S1538. Specification and dimensions as per EN 12334.

2.5.1 MATERIAL OF CONSTRUCTION:

Body Ductile iron to EN-JS 1030 (GGG-40)

Disc Ductile iron to EN-JS 1030 (GGG-40)

Shaft Stainless Steel 420 with 13%chromium (1.4021)

Seat Integral Nickel weld overlay, micro finished

Shaft Sealings EPDM rubber

Surface Protection Epoxy liquid lacquer coating, min. 150 microns, color: RAL 5005 blue

2.5.2 INSPECTION AND TESTING

The Non Return Valves shall be inspected at manufacturing works before dispatch by Employer’s
representative for MOC and all routine tests specified in relevant Indian Standard and European
Standard.

2.6 BUTTERFLY VALVE

Manufacturing, supply and delivery DI D/F Resilient Seated Vacuum tight Butterfly Valve suitable
for bi-directional flow with Body and disc made of DI GGG40. The Body seat shall be fusion bonded
nickel chromium weld overlay and micro finished. Closed Disk Eye with dry shaft design made of
Stainless steel with 13% chromium of grade 1.4021 connected with Medium free bearing of Bronze
with double O-ring sealing of EPDM. The shaft shall be connected to the disc by riveted pin or taper
pin with lock. The Valve shall be compatible for Buried application without chamber. The Coating
and the rubber parts shall comply with DVGW and KTW standards. The gearbox shall be with self-
locking, fully enclosed, maintenance-free lubricated for life, worm gear including mechanical
position indicator. The Valve shall be according to EN593/IS 5163, the face-to-face length shall be
EN 588-1, basic series 14/BS 5155(Long Body)/ 1S13095 (Long Body) and drilling according to EN
1092-2/1S 6418. Epoxy Powder or liquid Epoxy coating with minimum thickness of 250 micron
applied inside and outside of both body and disc. (EP-P a resi-coat powder approved for drinking
water application, applied through fusion bonding technology process by dipping the shot-blasted
casted components heated up to 200 deg C)

2.6.1MATERIAL OF CONSTRUCTION:

Body Ductile iron to EN-JS 1030 (GGG-40) & Epoxy Coated
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Disc, Retainer Ring Ductile iron to EN-JS 1030 (GGG-40) & Epoxy Coated

Shaft Stainless Steel 420 with 13% chromium (1.4021)

Shaft Bearing Bushes Zinc free Bronze

Seat Integral Nickel Weld Overlay & Micro finished

Disc Sealing EPDM Rubber [Grade- W 270]

Surface Protection Up to DN 600, Epoxy powder coating and above DN 600 with epoxy liquid
lacquer min. 250 microns thickness, color RAL 5005 Blue

Gearbox Housing Ductile iron to EN-JS 1030 (GGG-40)

Mode of Operation with hand wheel

2.6.2 INSPECTION AND TESTING

The Butterfly Valves shall be inspected at manufacturing works before dispatch by Employer’s
representative for MOC and all routine tests specified in relevant Indian Standard and European
Standard.

2.7 KINETIC AIR VALVE

GENERAL

Locations with long rising main lengths need to be provided with Air Valves at every hump or steep
slope to provide ventilation to the Rising main. The valves shall generally conform to IS: 14845 —
2000 (latest revision)

Air Valves are used on water mains to release air when the main is being filled in and to remain
closed when the pipes is full to prevent loss of water. The valve also will open to admit air while the
main is being emptied and to release air accumulated under pressure during normal working
conditions in the pipe.

In Kinetic air valves, this operation is effected automatically by means of a ball float working in
conjunction with an orifice of appropriate type for the duty.

Kinetic Air Valves is a Combination of a small orifice and a large orifice Air Valve. A Separate
conventional isolating sluice Valve non rising type with/without bevel gear arrangement is provided
for inspection/maintenance of Air Valve without closing of the main line.

Small office single Air Valves, Screwed or Flanged with or without isolating stop cock to release air
at or below the maximum working pressure.

Manufacturing, supply and delivery of single chamber, double orifice DI Air Valve with Triple
function (Venting, admitting and venting during operation), Tamper proof in one piece construction
(Both Large and small orifice housed in the housing itself), with capacity to handle air up to sonic
velocity (300 m/s), with flange dimension acc. To EN 1092-2/ IS 1538. Body and cover in ductile
cast iron of grade GGG 40. All internal parts such as float, shell etc& all cover bolts of austenitic
alloy steel and DN 50 float of HOSTAFLON and gaskets and seals of EPDM approved for anti-
bacterial which is mandatory for drinking water, with Electrostatic epoxy powder coating (EP-P)
inside and outside color blue RAL 5005 with minimum coating thickness of 250 microns. The EPDM
rubber & Epoxy Powder should be approved by W 270. (EP-P a it is a resi-coat powder approved
for drinking water application, applied through fusion bonding technology process by dipping the
shot-blasted casted components heated up to 200 deg C)
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2.7.1 MATERIAL OF CONSTRUCTION:

Body Ductile iron to EN-JS 1030 (GGG-40)

Float Stainless steel (ASTM A240 Grade 316 Ti/AISI 316 Ti); DN 50
float of Hostaflon- Polypropylen

Internal Shell, Shut off device & Ring Stainless Steel(ASTM A240 Grade 321/AISI 321)

Gasket & Seal EPDM Rubber [Grade- W 270]

Lead Screws Stainless Steel (ASTM A194 Grade 303/AISI 303)/ (ASTM A194
Grade 304/AlSI 304)

Surface Protection Electro static epoxy powder coating min. 250 microns thickness,
color RAL 5005 Blue

2.7.2 INSPECTION AND TESTING

The Air Valves shall be inspected at manufacturing works before dispatch by Employer for
MOC and all routine tests specified in relevant Indian Standard and European Standard.

The supply and installation of valve shall include all necessary fittings including bolts, nuts, gaskets,
counter flanges, jointing material etc as required

2.8 SLUICE VALVES

Manufacturing, supply and delivery of DI D/F non-rising spindle soft seated glandless Gate Valves
with body and bonnet of ductile cast iron of grade GGG-40, wedge with fully encapsulated EPDM
rubber W-270 (approved for drinking water) and seals of NBR. The valves should be with
replaceable stem nut and replaceable sliding shoes. The valve stems shall be of single piece thread
rolled. Valve shall have 3 “O” rings of NBR for stem sealing. Gate valve shall be compatible for
buried applications without valve chamber. Face-to-face dimensions as per BS 5163-89/IS 14846-
PD/EN 558F5 and flange connections as per IS 1538,Maximum Valve operating torque should be
at least 40% less than the torque as stated in the standard EN 1074. The Electrostatic epoxy
powder/liquid coating (EP-P) inside and outside color blue RAL 5005 with minimum coating
thickness of 250 microns. The EPD All sluice valves shall be coated by dipping in a bath of tar base
composition as given in 1S: 14846 for sizes from 100 mm to 250 mm.

All components susceptible to corrosion attack shall be coated internally and externally. Protective
coating shall always be applied to the individual components before they are assembled, following
shot blasting to give good adhesion.

2.8.1 MARKING, TESTING AND INSPECTION

The standard marking and packing of the valves shall be done as per IS: 14846. The direction of
rotation for OPEN, CLOSE position shall be marked on the hand wheel and on the bonnet of the
valve.

Testing of sluice valve shall be done for close end in accordance with 1S: 14846 for sizes from 100
mm to 250 mm.

All the valves shall be inspected for flaw detection test in accordance with IS: 14846 for sizes from
100 mm to 250 mm.

The design, construction material, manufacture, inspection, performance and testing shall comply
with all applicable Indian Standards and Codes. Nothing in the specification will be construed to
relieve the supplier of this responsibility.

M rubber & Epoxy Powder should be approved by W 270.
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2.8.2MATERIAL OF CONSTRUCTION:

Body, Bonnet Ductile Iron GGG 40 (EN-JS- 1030) /Spheroidal Graphite Iron IS:
1865 Gr 400/12

Wedge Ductile Iron GGG 40 (EN-JS- 1030) /Spheroidal Graphite Iron IS:
1865 Gr 400/12, fully vulcanized with EPDM rubber [Grade-W
270]

Stem SS: IS: 6603 12Cr13/22Cr 13;AlSI 410/AISI 420

Stem Nut Brass

Bonnet Gasket EPDM Rubber grade W-270

Stem Sealing 3 O-rings of NBR

Surface Protection Electro static epoxy powder coating min. 250 microns thickness,
color RAL 5005 Blue.

Mode of Operation Hand wheel

2.8.3 INSPECTION AND TESTING

The Sluice Valves shall be inspected at manufacturing works before dispatch by Employer for MOC
and all routine tests specified in relevant Indian Standard and European Standard.

2.9 DUAL PLAT CHECK VALVE
2.9.1 FEATURES OF CONSTRUCTION

Dual plate check (non-return) valves shall conform to API 594 (Check Valves: Flanged, Lug, Wafer
and Butt-welding) and APl 598 (Valve Inspection & Testing). They shall have metal to metal
sealing. The spring action shall optimize the equal closing rates of each plate. The plates shall not
drag on the seat while opening. The plates shall not vibrate under full or partial flow condition. The
valves shall be of the flanged type suitable for mounting in a horizontal plane.

Valves shall possess high speed closing characteristics and be designed for minimum slam
condition when closing.

The minimum body-wall thickness shall conform to those given in Table 1B of APl Standard
594.The face-to-face dimensions of valves (including valves with ring-joint facings) shall conform to
those mentioned in Table 2B of API Standard 594.

The valve body shall be furnished with a clearly visible forged, machined-in, or die-stamped arrow
to indicate the direction of flow through the valve.

Maximum permissible seat leakage shall be 7 cc/hr/cm of the nominal valve diameter.

2.9.2 MATERIALS OF CONSTRUCTION

The materials of construction for dual plate check valves shall be in accordance with the Table
below.

Materials of Construction for Dual Plate Check Valves

Iltem Material

Body For
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For Pn10-Cl IS 210 Grade FG 260
Plate For PN 10- CI IS 210 grade 260
Hinge Pin / Stop Pin SS AISI 431
Springs SS ASTM A 313
Seat SS AISI316
Retainer Carbon Steel

2.9.3 INSPECTION AND TESTING

The Sluice Valves shall be inspected at manufacturing works before dispatch by Employer’s
representative for MOC and all routine tests specified in relevant Indian Standard and API
Standard.

2.10 DISMANTILING JOINTS

Manufacturing, supply and delivery of Dismantling Joints with composite fitting feature (a telescopic
action designed to provide longitudinal adjustment between flanged pipe and flange equipment).Hot
rolled Asymmetric Steel T-Section according to BS EN 10025: 2004 which is free from
circumferential welds providing integral strength. The offset T profile shall have a perfect seal on
the gasket and straight line bolt travel. Profiled Rolled steel sleeve according to BS EN 10025: 2004
allows angular deflection of the pipe ends due to a thinner mid-section. Rolled sleeve ends should
match the gasket profile exactly. Certified Non Toxic WRAS Approved for use on potable water
distribution systems in accordance with BS 6920 of EPDM Gasket with self-centering lip according
to the standard BS EN 681-1: 1996 and Fusion Bonded Epoxy coating with a thickness of 250
microns minimum.

2.10.1MATERIAL OF CONSTRUCTION

Sleeve 50 — 200 NB Ductile Iron (GGG 40),BS EN 1563:1997
Vi
250 — 2000 NB Rolled Steel, BS EN 10025:2004
End Rin 50 — 300 NB Ductile Iron (GGG40), BS EN 1563:1997
g 300 — 2000 NB Rolled Steel, BSEN 10025:2004
50 — 125 NB Rolled Steel, BSEN 10025:2004
Flange 100 — 200 NB Ductile Iron (GGG 40), BS EN 1563:1997
250 — 300 NB above Rolled Steel, BSEN 10025:2004
Spigot Rolled Steel, BS EN 10025:2004
Fastener Studs 304 Stainless Steel
Fastener Tie Rods Electro Galvanized
Gasket EPDM Gasket with SELF CENTERING LIP, BS EN 681-1:1996, ISO
4633:1983
50-1400NB Fusion Bonded Epoxy Non Toxic WRAS Approved Coating and
Coating Gaskets with BS 6920 Certification.
1500+ Sigma Guard 720.
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2.11 GENERAL REQUIREMENTS FOR PIPES, SPECIALS AND VALVES

The pipes and valves are specified in detail in subsequent sections of this document. Some
general requirements are pointed out in the following paragraphs.

2.11.1 DI PIPES

Pipes carrying raw, settled or filtered water shall be of Ductile Iron, flanged or with spigot and
socket joints with rubber rings, according to individual circumstances. Generaly the following
material shall be used:

Raw water, clear water, interconnection | DI socket/spigot LA class and flanged medium range
between the units

Sludge, waste water, overflow Cement concrete pipes with rubber rings

Process water in the plant, internal| Galvanised Iron pipes, threaded joints; PVC class 3 for
drinking water supply underground pipes

Air DF/DI pipes threaded joints

Conduits Mild steel (visible) or PVC (cast in concrete slabs etc.)

Pipes carrying chemical solutions or solutions or gases shall be selected according to the
properties of the medium after approval of the Engineer-in-Charge. Jointing shall be kept to a
minimum. All flexible pipes shall be supported on walls, or laid on trays or in pipe channels etc., to
avoid sagging. Drain cocks shall be provided to empty the pipes whenever necessary.

All pipe work and fittings etc., shall conform to the appropriate Indian Standards and shall be to a
class in excess of the maximum pressure they will attain in service including any surge pressure
and shall be supplied by an approved manufacturer. All pipelines shall be tested at 1.5 times the
design working pressure.

The internal surfaces of all pipe work shall be thoroughly cleaned before and during erection and
before the pipe work is placed into commission. All pipelines shall be properly painted as per the
specifications.

2.11.2 VALVES AND APPURTENANCES

All sluice gates, butterfly valves, air release valves, check valves shall be designed for the medium
carried in the respective pipeline, according to the diameter and the design working pressure of the
pipeline.

The valves shall be installed between flanges. The dismantling shall be possible by the use of rigid
or flexible dismantling pieces or flange adapters at one side. For this purpose, suitable flange
adapters may be provided. All valves shall be installed in the pipe work in such a manner that they
can easily be removed from the line for dismantling and maintenance.

The non-return valves on the pump delivery branches shall be spring loaded and will have high
speed non-slam closing characteristics.

Valves used in lines conveying chemical solutions and gases shall be manufactured of material
suitable for the purpose and to withstand the corrosive and aggressive action of the medium.

2.12 ELECTRO CHLORINATOR

The Electro chlorinator shall be capable of producing Hypochlorite solution of strength 02 to 0.8%
which is non-hazardous from common salt (NACL) using low voltage DC supply at site for on line
disinfection of potable water supply. The equipment is proposed to be installed on a TW or for a

Balance works in Ten OHSRs Zones of Water Supply system in Bhagalpur Municipal Corporation — (BWSP 01 —
Package 02)




Volume lI- Particular Specifications, Part 1 - Construction Vol Il Part 1 - 23

group of TWs for online chlorination/disinfection of pumped water in the pumping main. The
capacity of the unit will be adequate to disinfect the TW water such that a dose of 2mg/l could be
given to TW water online. The equipment shall be complete with required rectifier unit, operating
panel, dosing pump and shall be of continuous operation type. The equipment shall have the
following and complete in all respect:

Electrode shall be Titanium grade | as per ASTM for long life

Electrode DSA with MMO grade

Low power consumption

Low salt consumption

Large installation base

In built protection against over voltage and over current in rectifier

IEC 146 code compliant (Continuous Operation)

Dosing pump

Container of suitable material which has adequate structural strength and not

subject to corrosion for long life. Capacity of the container shall be adequate to

house the brine solution and electrodes and other ancillaries and adequate storage

for hypo-chlorite solution for continuous dosing.

10. Operating Voltage : 220V, 50Hz

11. Protection: IP65

12. Back pressure against which the solution dosing will be done ranges from 2om to
200m.

13. Suction and delivery valves shall be of PVC

14. Provision for synchronization of chlorination system with TW operating panel.

CoNoA~WNE

2.13 INSTALLATION OF VALVES
2.13.1GENERAL

The installation of valves shall be installed between flanges according to the instructions of the
manufacturer and the Engineer in Charge.

Valves shall be placed on a support of concrete so that no shear stress is in the flanges. In case of
axial thrust due to closure of a valve against pressure the valve shall be anchored in the support in
a suitable manner to transfer the thrust into the floor slab of the chamber.

2.13.2 CHAMBERS FOR VALVES:

The work consist of construction of Valve Chambers, Flow Meter Chambers, Anchor Blocks, Thrust
Blocks, Pipe Supports, etc., required to be provided for various water supply pipelines
Valve chambers and Flow meter chambers shall be constructed as per arrangement to be given by

Employer. They shall be constructed in brick masonry / Cement concrete with cement plaster on
the walls/cement concrete. The top slab cover shall be cast in situ in reinforced cement concrete.

The chambers shall be constructed after the laying of the pipes and the assembly of specials and
valves. The size of the chambers shall be according to the following criteria as per direction of
Employer

= distance of flanges from walls: 30 cm

= distance of sockets from walls: 30cm
= distance between highest point of equipment and roof slab: 30 cm

A suitable locking device may be got constructed by Employer, if required at site.

Anchor Blocks, Thrust Blocks, Pipe Supports, etc. shall be constructed as per the site condition or
as directed by the Employer as per the specification of the drawing.

The work shall include excavation, consolidation, leveling, lean concrete, foundations, finishing,
refilling. It shall include all labour and material required for the complete chamber.
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2.13.3 EXCAVATION

Excavation shall be done in accordance with Sub-Section- 5 and Sub-Section- 11 of this
Specification..

2.13.4 BED CONCRETE

The bed concrete shall be done in accordance with relevant Specification.
2.13.5 BRICK MASONRY

2.13.5.1Description

This work shall consist of construction of valve/meter chambers in brick work together by cement
mortar in accordance with the details shown on the Drawings or as approved by the Engineer, as
per the standard specification of brick masonry.

2.13.5.2Cement plaster work

All joints in masonry shall be raked to a depth of 12 mm with a hooked tool made for the purpose
when the mortar is still green and in any case within 8 hours of its laying. The surface to be
rendered shall be washed with fresh clean water to make it free from all dirt, loose material, grease,
etc. and thoroughly wetted for 6 hours before plastering work is commenced.

Concrete surfaces to be rendered will however be kept dry. The wall should not be too wet but only
damp at the time of plastering. The damping shall be uniform to get uniform bond between the
plaster and the wall.

The proportion of the cement mortar shall be as specified on relevant Drawings. Cement shall be
mixed thoroughly in dry condition and then just enough water added to obtain workable
consistency. The quality of water, sand and cement shall be as per relevant I.S. The mortar thus
mixed shall be used immediately and in no case shall the mortar be allowed to stand for more than
25 minutes after mixing with water.

Curing of plaster shall be started as soon as the applied plaster has hardened enough so as not to
be damaged. The decision as to when the plaster has hardened, will be given by Engineer. Curing
shall be done by continuous applying water in a fine spray and shall be carried out for at least 7
days.

Plastering shall be done on inside faces of brick masonry in CM 1:4, 12mm thick and outside faces
of brick masonry in CM 1:4, 15 mm thick as shown in the drawing or as directed by the Employer.
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3. RISING MAINS

3.1 GENERAL REQUIREMENTS

This part covers additional specifications for civil construction works, supplementing the general
specifications for material and workmanship. The tender is based on design and drawing given by
the Employer and shall be inclusive of cost of labor, materials, tools and plants and specialized
machinery for completing the various components of the project and all operations connected
therewith, under all conditions of site, moisture, weather etc.

3.2 RISING MAIN

On award of the contract, the Contractor will carry out the laying of rising mains from various Tube
wells to various Service Reservoirs as per the specifications given by the Employer.

3.3 LAYOUT INVESTIGATION

The Contractor in co-ordination with the Employer has to determine the Layout in which the rising
main has to be laid, The Employer will give the design of main based on the safe yield of tube well
along with the alignment of the main and the location of valves etc.,

Before taking up the work, the contractor has to do the trial pits in the alignment to know the
underground utilities to lay the pipes and he shall submit the layout plan of the pipes to be laid
depending upon the underground utilities available in the alignment. The work can be started after
getting the approval of the layout plan submitted by the contractor.

3.4 SCOPE

The scope of works to be carried out under the contract includes:-

0) Conducting trial pits to know the underground utilities available in the alignment of
rising main.
(i) The work includes Laying, jointing and testing of DI (K() rising mains from various Tube

wells to the respective Service Reservoirs including related earthwork, Procurement of
DI pipes, specials Valves etc., etc., as per design given to the contractor and
construction drawings showing type of Valves and their locations and sizes.

(i) The work also includes providing supporting arrangements of the pipes if they are laid
on the ground itself, culvert crossings, Railway crossings, NH and other road crossings
and laying the pipes by trench less technology where there is restriction to cut the
roads or cross the railway lines etc., as in the drawing and other related work, etc.,
complete for all Rising mains from various Tube wells to Various Service Reservoirs
including conducting satisfactory Pressure testing of the pipe laid to the required
pressure specified by the Engineer.

(iv) Supplying and fixing of Air valves, Scour valves, Sluice Valves in the specified locations
including supply and fixing the specials required for fixing the valves and construction
of valve chamber as per the drawings specified.

(v) Each Rising main shall be connected to the out let of the Pump set erected in Tube well
in the beginning and shall also connected to the inlet of the Service Reservoir at the
end of the main.

(vi) Necessary bends shall be provided to the required degree, wherever the alignment
deviate from the straight line. Thrust blocks of sufficient size shall be provided
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(vii)

(viii)

(ix)

)

(xi)

(xi)

(xii)

(xiv)

(xv)

(xvi)

whenever the main rises or falls in gradient suddenly and the work should be taken up
after getting the approval from the Engineer.

The Earth excavated shall be refilled after the satisfactory completion of Hydraulic
pressure test in the field to the required pressure as per specifications and as per the
directions of Engineer.

The excess earth shall be removed from the site and necessary payment will be made
as per the BOQ item.

The contractor shall make Barricading arrangement during earth work, laying, jointing
and testing of pipes and up to the refiling the trench to safe guard the public.
Necessary sign boards, shall be provided well in advance so that the public may know
that there is any development activities is going on.

After laying the pipes in each main for specified length, it shall be tested for Hydraulic
pressure test as per the procedure given in the specifications. In case leakages are
observed, appropriate rectification measures should be carried out to arrest the same,
and again the Hydraulic test has to be conducted as per specifications or as directed by
the Engineer. No additional payment shall be made for carrying out such rectification
work, if found necessary.

The scope of work also includes cleaning, washing and disinfection of pipes for free
from any foreign matter, loose particles, debris, etc., and makes it suitable for
conveyance of potable water.

Commissioning the rising main shall be carried out after completion of rising main and
development of Tube well and erection of new Pumping machinery in the Tube well
depending on the safe yield available in the Tube well. During Commissioning if there is
any leak occurred in the main, the same should be rectified by the contractor at free of
cost.

The rising main has to be maintained during its defects liability period for which no
extra payment will be made to the contractor. Whatever the defect noticed during
defects liability period, the contractor should rectify the defects at free cost.

Any statutory and other clearances and or approvals that may be required to complete
the work are covered under the scope. No additional payment shall be made for
carrying out the work.

Submission of “As built drawings”.

Dressing up of area.
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3.4.1 DETAILS OF AIR VALVES AND SLUICE VALVES AS LISTED BELOW

Necessary DI K12 specials shall be used for fixing the Sluice valves and Air valves as per the item
specified in the BOQ.

Air valve chamber and Sluice Valve Chambers shall be constructed for each valve location as per
the drawings of valve chambers.

3.5 SUPPLY OF DUCTILE IRON PIPES, SPECIALS, VALVES AND LAYING OF PIPES FOR
WATER SUPPLY

General Standards

Except as otherwise specified in this technical specification, the Indian/International Standards and
Codes of Practice in their latest version shall be adhered to for the design, manufacturing,
inspection, factory testing, packing, handling and transportation of product. Should any product be
offered conforming to other standards, the equipment or products shall be equal to or superior to
those specified and the documentary confirmation shall be submitted for the prior approval of the
Engineer in Charge.

Ductile Iron Pipes

This specification requires a reference to the following standard specifications for Ductile Iron Pipes

IS: 12288 Code of practice for use and laying of ductile iron pipes

IS: 1363 Hexagon head bolts, screws and nuts of product grade A and B (part:1-5)
IS: 3624 Pressure and vacuum gauges

IS: 341 Black Japan, types A, B and C

Ready mixed paint, brushing, bituminous, black, lead free, acid, alkali, water and
IS: 9862 chlorine resisting

Manual on Water Supply and Treatment, Il edition, Ministry of Urban
CPHEEO Development, New Delhi-1999

The successful bidder shall source all ISI marked Ductille Iron pipes & fittings from

1) The manufacturer who has not been blacklisted by any government/government
undertaking for supply of DI pipes in India

2) The manufacturer is having valid BIS License for making ISI mark on their products for at
least 05 years and pipes can be procured from groups of companies of such manufactures
subject to same design and brand name.

3) The manufacturer’s DI pipes and fittings are satisfactory performance in Indian projects for
at least Five years.

4) The DI fittings and specials shall be procured from the manufacturer's of DI pipes for
compatibility.

5) All DI double flanged pipes shall be weld on type with K9 to be procured from DI socket &
spigot manufacturer.

The pipes will be centrifugally cast (spun) Ductile Iron pipes for Water confirming to the IS
8329: 2000. The pipes used will be either with push on joints (Rubber Gasket Joints) or
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Flanged joints. The class of pipe to be used shall be of the class K-7 for distribution network
and class K-9 for raising main.

The pipes shall be outside coated with zinc with a finishing layer of bituminous paint as per
Appendix ‘A’ and have factory provided cement mortar lining in the inside as per the provisions of
Appendix ‘B’ of the IS 8329: 2000.

The pipes will be supplied in standard length of 4.00, 5.00, 5.50 and 6.00 meters length with
suitably rounded or chamfered ends. Each pipe of the push on joint variety will also be supplied
with a rubber EPDM gasket. Any change in the stipulated lengths will be approved by the Engineer
— in charge. The gaskets will confirm to the IS 5382:1985.

The gaskets should also be supplied by the manufacturer of the pipes. They should preferably be
manufactured by the manufacturer of the pipes. In case they are not, it will be the responsibility of
the manufacturer of the pipes to have them manufactured from a suitable manufacturer under its
own supervision and have it tested at his/sub contractor's premises as per the contract. The pipe
manufacturer will however be responsible for the compatibility and quality of the products.

The flanged joints will confirm to the Clause 6.2 of IS 8329. The pipe supply will also include one
rubber gaskets for each flange.

3.5.1 INSPECTION AND TESTING:

The pipes will be subjected to following tests for acceptance:
Visual and dimensional check as per Clause 13 and 15 of IS 8329
Mechanical Test as per Clause 10 of IS 8329

Hydrostatic Test as per Clause 11 of IS 8329

The test reports for the rubber gaskets shall be as per acceptance tests of the IS 5832 and will be
in accordance to Clause 3.8

The sampling shall be as per the provisions of the IS 8329.

The Third party inspection shall be carried out before the supply of pipes. Third party inspection
should be witnessed by the Engineer or his representative and it should be dispatched to site only
on approval of the Engineer. Third party inspection and its witness are mandatory and absence of
this, no materials shall be supplied. If the contractor fails to inform the third party inspection to the
Engineer and the materials are delivered to the site, the Engineer can reject the materials or
withhold 10% of cost of pipe and shall be released only after the commissioning of the mains.

3.5.2 MARKING

All pipes will be marked as per Clause 18 of IS 8329 and show as below:
Manufacturer name/ stamp

Nominal diameter

Class reference

A white ring line showing length of insertion at spigot end

3.5.3 PACKING AND TRANSPORT:

The pipes should be preferably transported by road from the factory and stored as per the
manufacturer specifications to protect damage.
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3.5.4 HYDRAULIC TESTING

Pipes shall be given different hydraulic tests for ensuring quality of manufacture as per IS: 8329
and IS: 12288.

3.5.5 SPECIALS FOR DUCTILE IRON PIPES

General

This covers the general requirements for Ductile Iron (D) fittings suitable for Tyton joints to be used
with Ductile Iron pipes with flanged and Tyton jointing system.The DI fittings and specials shall be
procured from the manufacturer’s of DI pipes for compatibility.

Types of specials

The following types of DI fittings shall be manufactured and tested in accordance with IS: 9523.
b flanged socket
b flanged spigot
0 socket bends (909, 459, 22 1/29, 11 1/49)
0 double socket branch flanged tee
0 all double socket tee
0 double socket taper
O retrained joints
0 All the fittings shall be of class K-12.
Supply

All the DI fittings shall be supplied with one rubber ring for each socket. The rubber ring shall
conform to IS: 12820 and IS: 5382 as described in the preceding chapter. Flanged fittings shall be
supplied with one rubber gasket per flange and the required number of SS 304/310 nuts and bolts.

3.5.6 LUBRICANT FOR DUCTILE IRON PIPES AND SPECIALS

General

This section covers the requirements for lubricant for the assembly of Ductile Iron pipes and
specials

suitable for Tyton push-in rubber ring joints
Specification
The lubricant has to have the following characteristics:
> must have a paste like consistency and be ready for use
> has to adhere to wet and dry surfaces of DI pipes and rubber rings

» to be applied in hot and cold weather; ambient temperature 0 - 50 °C, temperature of
exposed pipes up to 70 °C

> must be non-toxic

> must be water soluble

> must not affect the properties of the drinking water carried in the pipes
> must not have an objectionable odor

> has to inhibit bacterial growth
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> must not be harmful to the skin
> must have a shelf life not less than 2 years
> Acceptance tests

> They shall be conducted in line with the provisions of the IS 9523

Packing

All the DI fittings shall be properly packed with jute cloth. Rubber rings shall be packed in
polyethylene bags. Rubber rings in PE bags and nuts, bolts etc. shall be supplied in separate jute
bags.

The fittings should also be supplied by the manufacturer of the pipes. They should preferably be
manufactured by the manufacturer of the pipes. In case they are not, it will be the responsibility of
the manufacturer of the pipes to have them manufactured from a suitable manufacturer under its
own supervision and have it tested at his/sub contractor’'s premises as per the contract. The pipe
manufacturer will however be responsible for the compatibility and quality of the products.

3.5.7 SPECIFICATIONS FOR LAYING AND JOINTING OF PIPE LINE SYSTEM FOR
WATER SUPPLY

3.5.7.1 Preparatory work

The contractor will inspect the route along which the pipe line is proposed to be laid. He should
observe/ find out the existing underground utilities/ construction and propose an alignment along
which the pipeline is to be laid. He should make all efforts to keep the pipe as straight as possible
with the help of ranging rods. Where ever there is need for deviation; it should be done with the use
of necessary specials or by deflection in pipe joints (limited to 3 to 5° where long radius curves are
permitted). The alignment as proposed should be marked on ground with a line of white chalk and
got approved from Engineer In charge. The Contractor will than prepare an L-Section along this
alignment showing the location of proposed pipe line. The L-section should be got approved from
the site Engineer. The position of fittings, valves, should be shown on the plan.

3.5.7.2 Alignment and the L-Sections

The alignments, L-section (depth of laying) and location of specials, valves and chambers may be
changed at site in co-operation with and after approval of the Engineer in Charge.

3.5.7.3 Standards

Except as otherwise specified in this technical specification, the Indian Standards and Codes of
Practice in their latest version, National Building code, PWD specification of the state of Bihar and
Manual of water supply of GOI shall be adhered to for the supply, handling, laying, installation, and
site testing of all material and works.

3.5.7.4 Tools and equipment

The contractor has to provide all the tools and equipment required for the timely, efficient and
professional implementation of the work as specified in the various sections of the contract and as
specified by the instructions of manufacturers of the pipes and other material to be handled under
this contract. On demand he shall provide to the Engineer in Charge a detailed list of tools and
equipment available. If in the opinion of the Engineer in Charge the progress or the quality of the
work cannot be guaranteed by the available quantity and type of tools and equipment the contractor
has to provide additional ones to the satisfaction of the Engineer in Charge. The Contractor will
always have a leveling instrument on site.

3.5.7.5 Transportation of pipes and specials

The Contractor has to transport the pipes and other materials from manufacturer to the site of
laying as indicated by the Engineer in Charge. Pipes should be handled with care to avoid damage
to the surface and the socket and spigot ends, deformation or bending. Pipes shall not be dragged
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along the ground or the loading bed of a vehicle. Pipes shall be transported on flat bed
vehicles/trailers. The bed shall be smooth and free from any sharp objects. The pipes shall rests
uniformly on the vehicle bed in their entire length during transportation. Pipes shall be loaded and
un-loaded manually or by suitable mechanical means without causing any damage to the stacked
pipes.

The transportation and handling of pipes shall be made as per IS 12288. All precautions set out
shall be taken to prevent damage to the protective coating, damage of the jointing surfaces or the
ends of the pipes.

Whatever method and means of transportation is used, it is essential that the pipes are carefully
placed and firmly secured against uncontrolled movement during transportation to the satisfaction
of engineer in charge.

Cranes or chain pulley block or other suitable handling and lifting equipment shall be used for
loading and un-loading of heavy pipes. Where using crane hooks at sockets and spigot ends hooks
shall be broad and protected by rubber or similar material, in order to avoid damage to pipe ends
and lining. Damage to lining must be repaired before pipe laying according to the instructions of the
pipe manufacturer. Pipes shall not be thrown directly on the ground.

When using mechanical handling equipment, it is necessary to employ sufficient personnel to carry
out the operation efficiently with safety. The pipes should be lifted smoothly without any jerking
motion and pipe movement should be controlled by the use of guide ropes in order to prevent
damage caused by pipes bumping together or against surrounding objects.

Rolling or dragging pipes along the ground or over other pipes already stacked shall be avoided
too.

3.5.7.6 Stringing of pipes along the alignment

The pipes shall be laid out properly along the proposed alignment in a manner that they do not
create any significant hindrance to the public and that they are not damaged.

Stringing of the pipes end to end along the working width should be done in such a manner that the
least interference is caused in the land crossed. Gaps should be left at intervals to permit the
passing of equipment across the working area. Pipes shall be laid out that they remain safe where
placed and that no damage can occur to the pipes and the coating until incorporated in the pipeline.
If necessary, pipes shall be wedged to prevent accidental movement. Precautions shall be made to
prevent excessive soil, mud etc. entering the pipe.

Generally, the pipes shall be laid within two weeks from the date of their dispatch from the
manufacturer/store.

The joint gaskets shall be kept in wooden boxes or their original packing and stored in cool
conditions and not exposed to direct sunlight. Gaskets must not be deformed. They shall be taken
out only shortly before they are needed.

3.5.7.7 Pipe trench

All excavation of pipe trenches shall be done in accordance to Chapter 4 of this specification and
following detail specification are applicable.

3.5.7.8 Trench excavation

The trench excavation of pipe line shall be in accordance with IS 12288. Pipe trenches shall be
excavated to the lines and levels shown on the drawings or as directed by the Engineer in Charge.
The depth of the excavated trench shall be as given in the drawings or as directed by the Engineer
in Charge. The width of the trench at bottom between the faces of sheeting shall be such as to
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provide as per the approved drawings No pipe shall be laid in a trench until the section of trench in
which the pipe is to be laid has been approved by the Engineer in Charge.

The bottom of the trench shall be trimmed and leveled to permit even bedding of the pipes. It
should be free from all extraneous matter which may damage the pipe or the pipe coating.
Additional excavation shall be made at the joints of the pipes, so that the pipe is supported along its
entire length.

All excavated material shall be stacked in such a distance from the trench edge that it will not
endanger the work or workmen and it will avoid obstructing footpaths, roads and drive ways.
Hydrants under pressure, surface boxes, fire or other utility controls shall be left unobstructed and
accessible during the construction work. Gutters shall be kept clear or other satisfactory provisions
made for street drainage, and natural water-courses shall not be obstructed.

To protect persons from injury and to avoid damage to property, adequate barricades, construction
signs, torches, red lanterns and guards, as required, shall be placed and maintained during the
progress of the work and until it is safe for traffic to use the roadways. All materials, piles equipment
and pipes which may serve as obstruction to traffic shall be enclosed by fences or barricades and
shall be protected by illuminating proper lights when the visibility is poor.

As far as possible, the pipe line shall be laid below existing services, like water, cables, cable ducts
and drains but not below sewers, which are usually laid at greater depth. Where it is unavoidable,
pipe line should be suitably protected. A minimum clearance of 150 mm shall be provided between
the pipe line and such other services.

Trees, shrubbery fences, poles, and all other property and surface structures shall be protected.
Tree roots shall be cut within a distance of 50 cm from pipe joints in order to prevent roots from
entering them. Temporary support, adequate protection and maintenance of all underground and
surface structures, drains, sewers and other obstructions encountered in the progress of the work
shall be provided. The structures, which will be disturbed, shall be restored after completion of the
work.

Where water forms or accumulates in any trench the Contractor shall maintain the trench free of
water during pipe laying.

Wherever necessary to prevent caving, trench excavations in soils such as sand, gravel and sandy
soil shall be adequately sheeted and braced. Where sheeting and bracing are used, the net trench
width after sheeting shall not be less than that specified above. The sides of the excavation shall be
adequately supported at all times and, except where described as permitted under the Contract,
shall be not battered.

The Engineer in Charge in co-operation with the Contractor shall decide about the sheeting/ bracing
of the trench according to the soil conditions in a particular stretch and taking into account the
safety requirements of the Contractor's and ENGINEER-IN-CHARGE’s staff. Generally, safety
measures against caving have to be provided for trenches with vertical walls if they are deeper than
2.0m.

3.5.7.9 Trench excavation to commensurate with the laying progress

The work of trench excavation should be commensurate with laying and jointing of the pipe line. It
should not be dug in advance for a length greater than 500 m ahead of work of laying and jointing
of pipeline unless otherwise defined by the Engineer in Charge. The Contractor has to ensure the
following:

» safety protections as mentioned above have to be incorporated in the work process
» hindrances to the public have to be minimized

» the trench must not be eroded before the pipes are laid

>

the trench must not be filled with water when the pipes are laid
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» the trench must not be refilled before laying and testing of the pipes

The bed for the laying of the pipes has to be prepared according to the L-Section immediately
before laying of the pipes.

3.5.7.10 Bedding of the pipes

The trench bottom shall be even and smooth so as to provide a proper support for the pipe over its
entire length, and shall be free from stones, lumps, roots and other hard objects that may injure the
pipe or coating. Holes shall be dug in the trench bottom to accommodate sockets so as to ensure
continuous contact between the trench and the entire pipe barrel between socket holes.

3.5.7.11 Laying and jointing of pipes
General

The pipes will be cleaned in the whole length with special care of the spigot and sockets on the
inside/ outside to ensure that they are free from dirt and unwarranted projections. The pipes and
specials should be cleaned with water having 10ppm residual chlorine. The whole of the pipes
shall be placed in position singly and shall be laid true to profile and direction of slope indicated on
longitudinal sections. The pipes shall be laid without deflection in a straight alignment between
bends and between high and low points. Vertical and horizontal deflections between individual
pipes need the approval of the Engineer in Charge. In no case the deflection shall be more than
75% of those recommended by the manufacturer.

Before pipes are jointed they shall be thoroughly cleaned of all earth lumps, stones, or any other
objects that may have entered the interior of the pipes, particularly the spigot end and the socket
including the groove for the rubber ring.

Pipes and the related specials shall be laid by using the recommended tools.

Cutting of pipes shall be reduced to a minimum required to conform to the drawings. Cutting has to
be made with suitable tools and according to the recommendations of the manufacturer. The spigot
end has to be chamfered again at the same angle as the original chamfered end. Cutting shall be
perpendicular to the Centre line of the pipe. In case of ductile iron pipes the cut and chamfered end
shall be painted with two coats of epoxy paint. If there is no mark for the insertion depth on the
spigot ends of the (cut) pipe it shall be marked again according to the instructions of the
manufacturer.

Before pipes are jointed they shall be thoroughly cleaned of all earth lumps, stones, or any other
objects that may have entered the interior of the pipes, particularly the spigot end and the socket
including the groove for the rubber ring. End caps are removed only just before laying and jointing.

All specials like bends, tees etc. and appurtenances like sluice etc. shall be laid in synchronization
with the pipes. The Contractor has to ensure that the specials and accessories are ready in time to
be installed together with the pipes.

At the end of each working day and whenever work is interrupted for any period of time, the free
ends of laid pipes shall be protected against the entry of dirt or other foreign matter by means of
approved plugs or end caps.

When pipe laying is not in progress, the open ends of installed pipe shall be closed by approved
means to prevent entrance of trench water and dirt into the line.

No pipe shall be laid in wet trench conditions that preclude proper bedding, or when, in the opinion
of the Engineer in Charge, the trench conditions or the weather are unsuitable for proper
installation.

The pipe line laid should be absolutely straight unless planned otherwise. The accuracy of
alignment should be tested before starting refilling with the help of stretching a string between two
ends of the straight stretch of pipes to rectify possible small links in laying.
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3.5.7.12 Laying and jointing of DI pipes

Pipes should be lowered into the trench with tackle suitable for the weight of pipes. For smaller
sizes, up to 250 mm nominal bore, the pipe may be lowered by the use of ropes.

All construction debris should be cleared from the inside of the pipe either before or just after a joint
is made. This is done by passing a pull-through in the pipe, or by hand, depending on the size of
the pipe. All persons should vacate any section of trench into which the pipe is being lowered

On gradients of 1:15 or steeper, precautions should be taken to ensure that the spigot of the pipe
being laid does not move into or out of the socket of the laid pipe during the jointing operations. As
soon as the joint assembly has been completed, the pipe should be held firmly in position while the
trench is back filled over the barrel of the pipe.

The designed anchorage shall be provided to resist the thrusts developed by internal pressure at
bends, tees, etc.

The assembly of the pipes shall be made as recommended by the pipe manufacturer and using the
suitable tools.

The socket and spigot ends of the pipes shall be brushed and cleaned. The chamfered surface and
the end of the spigot end have to be coated with a suitable lubricant recommended by the
manufacturer of the pipes. Oil, petroleum bound oils, grease or other material which may damage
the rubber gasket shall not be used as lubricant. The rubber gasket shall be inserted into the
cleaned groove of the socket. It has to be checked for correct positioning.

The two pipes shall be aligned properly in the pipe trench and the spigot end shall be pushed
axially into the socket either manually or with a suitable tool specially designed for the assembly of
pipes and as recommended by the manufacturer. The spigot has to be inserted up to the insertion
mark on the pipe spigot. After insertion, the correct position of the socket has to be tested with a
feeler blade

Deflection of the pipes -if any- shall be made only after they have fully been assembled. The
deflection shall not exceed 75 % of the values indicated by the pipe manufacturer.

3.5.7.13 Anchoring of the pipeline

Thrust blocks shall be provided at each bend, tee, taper, end piece to prevent undue movements of
the pipeline under pressure. They shall be constructed as per design of Engineer- In- Charge
according to the highest pressure during operation or testing of the pipes, the safe bearing pressure
of the surrounding soil and the friction coefficient of the soil.

3.5.7.14 Testing of the pipelines

Sectional tests

After laying and jointing the pipeline shall be tested for tightness of barrels and joints, and stability
of thrust blocks in sections approved by the Engineer in Charge. The length of the sections
depends on the topographical conditions. Preferably the pipeline stretches to be tested shall be
between two chambers (air valve, scour valve, bifurcation, other chamber).At the beginning, the
Contractor shall test stretches not exceeding 2 km. After successful organization and execution of
tests the length may be extended to more than 2 km after approval of the Engineer in Charge.

The water required for testing shall be arranged by the contractor himself. The Contractor shall fill
the pipe and compensate the leakage during testing. The Contractor shall provide and maintain all
requisite facilities, instruments, etc. for the field testing of the pipelines. The testing of the pipelines
generally consists in three phases: preparation, pre-test/saturation and test, immediately following
the pre-test. Generally, the following steps are required which shall be monitored and recorded in a
test protocol if required:

e Complete setting of the thrust blocks.
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e partial backfilling and compaction to hold the pipes in position while leaving the joints
exposed for leakage control

e opening of all intermediate valves (if any)

e fixing the end pieces for tests and after temporarily anchoring them against the soil (not
against the preceding pipe stretch)

e at the lower end with a precision pressure gauge and the connection to the pump for
establishing the test pressure

e at the higher end with a valve for air outlet

e If the pressure gauge cannot be installed at the lowest point of the pipeline, an allowance in
the test pressure to be read at the position of the gauge has to be made accordingly

e Slowly filling the pipe from the lowest point(s).

o the water for this purpose shall be reasonably clear and free of solids and suspended
matter

e Complete removal of air through air valves along the line.
e Closing all air valves and scour valves.

e Slowly rising the pressure to the test pressure while inspecting the thrust blocks and the
temporary anchoring.

o Keeping the pipeline under pressure for the duration of the pre-test / saturation of the lining
by adding make-up water to maintain the pressure at the desired test level. Make up water
to be arranged by Contractor himself at his own cost.

e Start the test by maintaining the test pressure at the desired level by adding more make-up
water; record the water added and the pressure in intervals of 15 minutes at the beginning
and 30 minutes at the end of the test period.

e Water used for testing should not be carelessly disposed off on land which would ultimately
find its way to trenches.

e The testing conditions for the pipelines shall be as per the test pressures and condition laid
out in IS 8329 for DI pipes.

The pipeline stretch will pass the test if the water added during the test period is not exceeding the
admissible limits. No section of the pipe work shall be accepted by the Engineer in Charge until all
requirements of the test have been obtained.

On completion of a satisfactory test any temporary anchor blocks shall be broken out and stop ends
removed. Backfilling of the pipeline shall be completed.

3.5.7.15 Leakage Test

After the successful completion of the pressure test, Leakage test at site after proper installation of
pipeline shall be conducted at a pressure to be specified by the Engineer for duration as specified
below:

The field test pressure to be imposed should be not less than the maximum of the following:
a) 1.5times the maximum sustained operating pressure.
b) 1.5 times the maximum pipeline static pressure.
c) Sum of the maximum sustained operating pressure and the maximum surge pressure.

d) Sum of the maximum pipeline static pressure and the maximum surge pressure, subject to
a maximum equal to the work test pressure for any pipe fittings incorporated.
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Pretest and saturation period with addition of make-up water

Pressure: Operating Pressure (7 kg/cm?

Duration: 24 hrs for pipes with cement mortar lining

Pressure test / Leakage Test with addition of make-up water

Pressure: Test Pressure

Duration: 2 hrs.

Test criteria for DI pipes: Q = 1.0 liter per km per 10mm dia of pipe.
Test Pressure per 24 hrs.

No pipe installation shall be accepted until the leakage is less than the amount ‘Q’, as determined
by the above formula:

All pressure testing at site should be carried out hydrostatically. The pipes shall be accepted to
have passed the pressure test satisfactorily, if the quantity of water required to restore the test
pressure does not exceed the amount ‘Q’, calculated by the above formula. Where any test of pipe
laid indicates leakage greater than that specified as per the above formula, the defective pipe(s) or
joints(s) shall be repaired/replaced as per the satisfaction of engineer in charge until the leakage is
within specified limits. The Contractor has to make his own arrangements for water of approved
quality, required for testing pipeline

The pipeline stretch will pass the test if the water added during the test period is not exceeding the
admissible limits. No section of the pipe work shall be accepted by the Engineer in charge until all
requirements of the test have been obtained.

On completion of a satisfactory test any temporary anchor blocks shall be broken out and stop ends
removed. Backfilling of the pipeline shall be completed.

3.5.8 FAILURE TO PASS THE TEST

All pipes or joints which are proved to be in any way defective shall be replaced or remade and re-
tested as often as may be necessary until a satisfactory test shall have been obtained. Any work
which fails or is proved by test to the unsatisfactory in any way shall be redone by the Contractor.

3.5.9 FLUSHING AND DISINFECTING OF PIPELINES
After testing and commissioning the contractor shall flush the pipes with a velocity not less than 1

m/s or as approved by the Engineer in Charge. Details of the disinfection of drinking water pipelines
shall be provided by Engineer- in charge and the contractor shall do the disinfection of the pipeline.

3.5.10 BACKFILLING OF THE PIPE TRENCH

For the purpose of back-filling, the depth of the trench shall be considered as divided into the
following three zones from the bottom of the trench to its top:

Zone A: Back-filling by hand with sand, fine gravel or other approved material
placed in layers of 150 mm and compacted by tamping. The back-
filling material shall be deposited in the trench for its full width of each
side of the pipe, specials and appurtenances simultaneously. Special
care shall be taken to avoid damage of the pipe and the coating or
moving of the pipe.

From the bottom of the
trench to the level of the
Centre line of the pipe
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Zone B: Back-filling and compaction shall be done by hand or approved
mechanical methods in layers of 150 mm, special care shall be taken

From the level of the center
v to avoid damage of the pipe and the coating or moving of the pipe.

line of the pipe to a level
300 mm above the top of
the pipe

Zone C: Back-filling shall be done by hand or approved mechanical methods
in 15 cm layers after compacting and carried to the level necessary to
allow for the temporary restoration of road and path surfaces, and
also for hard-core (if and where ordered) on roads or to such level as
will leave the requisite space for the top soil, road surface etc. to be
reinstated as directed by the Engineer in Charge.

From a level 300 mm
above the top of the pipe to
the top of the trench.

Where the excavation is made through permanent pavements, curbs, paved footpaths, or where
such structures are undercut by the excavation, the entire back-fill to the sub grade of the structures
shall be made with sand/ fine clay in accordance with IS 12288.

The excavated material may be used for back-fill in the following cases, provided it complies with IS
12288 Clause 4.11.1:

a) In Zone C: In cases where settlement is unimportant the back-fill shall be neatly rounded
over the trench to a sufficient height to allow for settlement to the required level.

b) In any zone, when the type of back-fill material is not indicated or specified, may be back
filled with suitable material consists of loam, clay, sand, fine gravel or other materials in the
opinion of the Engineer In Charge.

All excavations shall be backfilled to the level of the original ground surfaces unless otherwise
mentioned or in accordance with the requirements of the specification. The material used for
backfill, the amount thereof, and the manner of depositing and compacting shall be subject to the
approval of the Engineer in Charge, but the Contractor will be held responsible for any
displacement of pipe or other structures, any damage to their surfaces, or any instability of pipes
and structures caused by improper depositing of backfill materials.

Trenches crossing a road shall be backfilled with selected material placed in layers not exceeding
15 cm in thickness after compacting, wetted and compacted to a density of not less than 90 percent
of the maximum dry density at optimum moisture content of the surrounding material. Any
deficiency in the quantity of material for backfilling the trenches shall be supplied by the Contractor
at his expense.

The Contractor shall at his own expense make good any settlement of the trench backfill occurring
after backfilling and until the expiry of the defects liability period.

On completion of pressure and leakage tests exposed joints shall be covered with approved
selected backfill placed above the top of the pipe and joints in accordance with the requirements of
the above specifications. The Contractor shall not use backfilling for disposal of refuse or unsuitable
soil.

3.5.11 MEASUREMENT

The net length of pipes and bends as laid or fixed shall be measured in running meters correct to a
cm. Specials shall be excluded and measured and paid separately under the relevant item. The
portion of the pipe at the joints (inside the joints) shall not be included in the length of pipe work.
Excavation, refilling, masonry and concrete work wherever required shall be measured and paid for
separately under relevant items of work.
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3.5.12 RATE

The rate shall include the cost of materials and labor involved in all the operations described above
except for the items measured/enumerated separately under clause ‘Measurements’, which shall
be paid for separately.

3.6 TRANSPORTATION, HANDLING AND INSPECTION OF PIPES AND SPECIALS

3.6.1 GENERAL

Ductile iron pipes are less susceptible to cracking or breaking on impact but the
precautions set out should be taken to prevent damage to the protective coating and
brushing or damage of the jointing surfaces.

3.6.2 TRANSPORTATION

Pipes should be loaded in such a way that they are secured and that no movement should
take place on the vehicle during transit.

The pipes should be loaded on vehicles in pyramid or straight sided formation. In case of
pyramid loading, the pipes in the bottom layer should be restrained by the use of broad
wooden wedges secured to the vehicle being loaded. The pyramid is to be formed by
resting pipes between the pairs of pieces in the preceding layer with the sockets in layers
reversed. Straight sided loading may be used with supports along the sides of the vehicles.
The use of straight sided loading is advantageous for utilizing full capacity of the vehicle.

3.6.3 OFF-LOADING

Cranes should be preferred for off-loading. However, for pipes up to 400 mm nominal bore,
skid timbers and ropes may be used.

When using mechanical handling equipment, it is necessary to employ sufficient personnel
to carry out the operation efficiently with safety. The pipes should be lifted smoothly without
any jerking motion and pipe movement should be controlled by the use of guide ropes in
order to prevent damage caused by pipes bumping together or against surrounding objects.

Where the crane operator does not have a clear view, he should be guided by the
personnel supervising the operation. When cranes are used, the whole sequence of
operation should be carried out smoothly and without snatch. Properly designed hooks and
adequate stead ropes are essential. The hooks should be of suitable shape to ensure
positive engagement when entered into the ends of the pipes and then should pass over
any protective packing fitted around the pipe ends.

The use of slings passed around bundles of pipes is not recommended because bundles
become unstable as the sling is drawn tight or released. However, when it is necessary to
use the central slinging method for lifting single pipe, a broad webbing sling is
recommended which minimizes the risk of the pipe slipping. Chain slings may slip and are
dangerous.
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3.6.4 STACKING

Pipes being taken to a stock ground for storage and held pending further distribution should
be arranged into stacks. The first layer of pipes should be laid on a firm foundation
consisting of solid timbers set level on the ground. Subsequent layers should be placed
according to the method of stacking adopted. Care should be taken so that the pipes do not
rest on their sockets. The height of any stack should not exceed 2 m.

Methods adopted for stacking pipes are described below.
3.6.5 SQUARE STACKING

In square stacking method, second and subsequent layers are set at right angles to the
previous layer with spigots and sockets alternating in each layer and sockets project
beyond spigot end. The pipes rest directly upon those beneath it and care is needed in
placing to prevent damage.

3.6.6 PARALLEL STACKING WITH TIMBERS

All the pipes are parallel with the sockets of successive layers reversed end-to-end with
sockets projecting beyond spigot end. Timber battens, placed about 600 mm from each
end at right angles to the pipes, are used to separate the successive layers. Wedges at
both ends of each batten prevent pipe movement.

3.6.7 NESTED STACKING (PYRAMID STACKING)

Nested stacking consists of placing each pipe between the two pipes underneath it, with the
sockets being all at one end of each layer and being reversed in successive layers. The bottom
layer should be firmly anchored to prevent the stack collapse.

3.6.8 SPECIAL PRECAUTIONS FOR BITUMEN-SHEATHED PIPES

Bitumen-sheathed pipes should be handled with care to avoid any damage to the sheathing.
They should not be stacked but laid in a single layer supported on timbers placed under the
uncoated portions of the spigots and sockets. Sheathed pipes should be lifted by means of
properly designed hooks, fittings into the spigot or socket, or by specially designed slings which
will not damage the sheathing. Wire rope, chains or hemp slings should not be used.

3.6.9 STRINGING

Stringing consists of placing pipes on the ground in line ready for laying. Care should be taken
to prevent damage during this operation.

3.7 CIVIL WORKS FOR PIPE LAYING

For general civil works, standard specification shall be followed.
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3.7.1 PARTICULAR REQUIREMENT

The details and specifications of the works are contained in this subsection.

3.7.2 GENERAL

0] The design of rising main will be given to the contractor by the employer for laying mains
from various Tube wells to the various Service Reservoirs.

(i)  The alignment of rising main may alter in some cases due to underground utilities
available in the alignment. The contractor has to determine the underground utilities by
putting trial pits in the alignment before he take up the work.

(i) The work shall be executed only after getting necessary permission from the Road
authorities, local body, Traffic police and any other government organization as the case
may be. The employer will assist the contractor for getting the permission from the
concerned authorities. It is the responsibility of the contractor to get the permission from
the concerned authorities and no extra payment will be made for this purpose.

(iv) Testing of Hydrostatic pressure test in the laid mains

3.8 LAYING OF PIPES

3.8.1 LAYING UNDERGROUND

Pipes should be lowered into the trench with tackle suitable for the weight of pipes. For smaller
sizes, up to 250 mm nominal bore, the pipe may be lowered by the use of ropes but for heavier
pipes, either a well-designed set of shear legs or mobile crane should be used. When lifting gear is
used, the positioning of the sling to ensure a proper balance, should be checked when the pipe is
just clear of the ground. If sheathed pipes are being laid, suitable wide slings or scissor dogs should
be used.

All construction debris should be cleared from the inside of the pipe either before or just after
a joint is made. This is done by passing a pull-through in the pipe, or by hand, depending on the
size of the pipe. When laying is not in progress, a temporary end closure should be securely fitted
to the open end of the pipeline. This may make the pipe buoyant in the event of the trench
becoming flooded, in which case the pipes should be held down either by partial re-filling of the
trench or by temporary strutting. All persons should vacate any section of trench into which the pipe
is being lowered.

On gradients of 1. 15 or steeper, precautions should be taken to ensure that the spigot of
the pipe being laid does not move into or out of the socket of the laid pipe during the jointing
operations. As soon as the joint assembly has been completed, the pipe should be held firmly in
position while the trench is backfilled over the barrel of the pipe. The backfill should be well
compacted.

3.8.2 LAYING ABOVE GROUND

The ground should be dressed to match the curvature of the pipe shell for an arch length
subtending an angle of 120° at the centre of the pipes. Alternatively, the pipeline should be laid
either on saddle, roller or rocker supports as specified by Employers representative. The pipes may
be allowed to rest on ground if the soil is non-aggressive.
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3.8.3 SUPPORTING PIPES ABOVE GROUND

The following recommendations assume that no additional bending moments above those
due to the self-weight of the pipe and its contents are present.

With Spigot and Socket Pipes—It is recommended that above ground installations of spigot
and socket pipes be provided with one support per pipe, the supports being positioned behind the
socket of each pipe.

This results in a normal distance between supports of 4 m.

Pipes should be fixed to the supports with mild steel straps so that axial movement due to
expansion or contraction resulting from temperature fluctuation, is taken up at individual joints in the
pipeline. In addition, joints should be assembled with the spigot end withdrawn 5 to 10 mm from the
bottom of the socket to accommodate these thermal movements.

Pipes supported in this way are capable of free deflection and axial movement at the joints
which accommodate small movements of the pipe supports.

The designed anchorage shall be provided to resist the thrusts developed by internal
pressure at bends, tees, etc.

Where a pipeline crosses a watercourse, the design and method of construction should take
into account the characteristics of the watercourse. The concerned authorities may be consulted to
ascertain the nature of bed, scour levels, maximum velocities, and high flood levels, seasonal
variation, etc, which affect the design and laying of pipeline. Early consultation with river authorities
will assist in evaluating the effect of river characteristics (for example, nature of bed, scour levels,
maximum velocities, high flood levels, seasonal variations, etc), on design and construction.

If necessary, unsupported spans between 4 and 6 m may be obtained by positioning the
pipe supports relative to the pipe joints as shown in Fig. 2B

With Flanged Pipes—the recommended maximum unsupported span is 8 m. The supports
shall be located at the center of every second pipe as shown in Fig. 3A.

The recommended maximum unsupported span at water course is 8 m. The relative
positions of pipe joints and pipe supports should be as shown in Fig. 3B.

The supports of all flanged pipework spans should be stable and unyielding due to
movements in the pipeline.

The straps should prevent any lateral movement or lifting of the pipelines but not restrict
expansions and constructions caused by temperature fluctuations.

3.8.4 CUTTING OF PIPES

The cutting of pipe for inserting valves, fittings, etc, shall be done in a neat and workman like
manner without damage to the pipe or lining so as to leave a smooth end at right angles to the axis
of the pipe. Methods of cutting ductile iron pipes are given below.
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By Hacksaw—Hand or power operated hacksaw should be used with blades having teeth at
a pitch of 1 mm.

By Manually Operated Wheel Cutter—the type of cutting wheel used for cast iron pipes is
not suitable for ductile iron pipe. Special wheels, as used for cutting steel pipes, shall be used and
cut ends are Cut ends are to be Champherred by a grinder.

By Pipe Cutting Machine—Machines with cutter heads or abrasive wheels shall be used.
Cutter head should have a front rake angle of 7° as used for steel pipes

3.8.5 END PREPARATION OF CUT PIPES FOR JOINTING

The burr left after cutting should be trimmed off by light grinding or by filling.

3.8.6 WRAPPING

When ductile iron pipes are to be laid in aggressive soils, the pipes should be wrapped
externally with protective coatings, such as bitumen or coal tar sheathing protective tapes or by
loose polythene sleeving, or in certain circumstances, concrete before laying. At joints, bends and
valves, precautions should be taken to provide sufficient overlap of the wrapping sleeve so that no
pipeline is exposed to the aggressive soil.

3.8.7 PIPELINE MARKERS

Distinctive markers should be erected at all roads, railways, river and canal crossings, and
elsewhere as required to identify the pipeline and to indicate its position. Markers should be placed
at field boundaries, preferably in such a way that they are not obscured by vegetation. At all valve
installations, plates should be provided to give the same information as on the makers. Markers
should not be treated with any substance likely to be harmful to livestock.

3.8.8 PIPELINE ANCHORAGE

All pipelines having unanchored flexible joints require anchorage at changes of direction and
at dead ends to resist the static thrusts developed by internal pressure. Dynamic thrusts caused by
flowing water act in the same direction as static thrusts. This thrust is of sufficient magnitude at high
velocities to warrant safety consideration.

Anchorages to resist the thrust should be designed taking into account the maximum
pressure the main is to carry in service or on test, and the safe bearing pressure of the surrounding
soil.

Where possible, concrete anchor blocks should be of such a shape as to allow sufficient
space for the remaking of the joints. Figure 4 shows typical anchorages using concrete anchor
blocks.
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3.8.9 JOINTS AND JOINTING

Two main types of joints are used with ductile iron pipes and fittings:
a. Socket and spigot flexible joints:
1. Push on joints; and
2. Mechanical joints;

b. Rigid flanged joint.
3.8.10 FLEXIBLE JOINT

The spigot and socket flexible joint should be designed to permit angular deflection in
direction and axial movement to compensate for ground movement and thermal expansion and
contraction. They incorporate gasket of elastomeric materials and the joints may be of the simple
push-on-type or the type where the seal is effected by the compression of a rubber gasket between
a seating on the inside of the socket and the external surface of spigot. Joints of the latter type are
referred to as mechanical joints. Both push-in (Fig. 5A) and mechanical joints are flexible joints.
Flexible joints require to be externally anchored at all changes in direction such as at bends, etc,
and at blank end to resist the thrust created by internal pressure and to prevent the withdrawal of
spigots.

3.8.11 FLANGED JOINT

Flanged joints are made on pipes having a machined flange at each end of the pipe. The
seal is usually effected by means of a flat rubber gasket compressed between two flanges by
means of bolts which also serve to connect the pipe rigidly (see Fig. 5B). Gaskets of other
materials, both metallic and non-metallic, are used for special applications.

3.8.12 JOINTING PROCEDURE
Procedure for jointing will vary according to the type of joint being used. Basic requirements
for all types are:

a. Cleanliness of all parts,
b. Correct location of components,
c. Centralization of spigot within socket, and

d. Strict compliance with manufacturer’s jointing instructions

3.8.13 TESTING PROCEDURE

All rising mains shall be tested for Hydrostatic pressure test as per provisions of IS: 12288
After a new pipeline is laid and jointed, testing shall be done for:

a. mechanical soundness and leak tightness of pipes and fittings;

b. leak tightness of joints; and
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¢. Soundness of any construction work, in particular that of the anchorages.

3.8.14 HYDROSTATIC TESTING

The completed pipeline may be tested either in one length or in sections; the length of
section depending upon:

1. availability of suitable water,
2. number of joints to be inspected, and

3. Difference in elevation between one part of the pipeline and another.

Where the joints are left uncovered until after testing, sufficient material should be backfilled
over the center of each pipe to prevent movement under the test pressure.

It is prudent to begin testing in comparatively short length of test section. Progressively as
experience is gained, lengths of about 1-5 km or more, are tested in one section, subject to
consideration of length of trench which can be left open in particular circumstances.

Each section should be properly sealed-off, preferably with special stop ends secured by
adequate temporary anchors. The thrust on the stop ends should be calculated and the anchors
designed to resist it. All permanent anchors should be in position and, if of concrete, should have
developed adequate strength before testing begins. The section under test should be filled with
water, taking care that all the air is displaced either through vents at the high points or by using a
pig or a sphere.

The test pressure to be applied should be not less than any of the following:

a. The maximum sustained operating pressure,
b. The maximum static pressure plus 5 N/mm?, and

c. The sum of the maximum sustained operating pressure (or the maximum static
pressure) and the maximum calculated surge pressure.

After filling, the pipeline should be pressurized to the specified operating pressure and left
for a period of time to achieve stable conditions.

The length of this period of time depends on many factors such as slight movement of the
pipeline under pressure whether air is trapped in the pipeline or whether the pipeline has a concrete
lining which absorbs water.

The pipeline is then pressurized up to the full test pressure and the section under test
completely closed off. The test should be maintained for a period of not less than 10 minutes to
reveal any defects in the pipes, joints or anchorages.

The test pressure should be measured at the lowest point of the section under test or
alternatively, an allowance should be made for the static head between the lowest point and the
point of measurement, to ensure that the required test pressure is not exceeded at the lowest point.

In case of extreme temperature conditions, there may be a tendency of hydraulic pressure
building up inside the pipeline because of expansion of water during the high day time. This should
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normally not be of any major concern as the joints and the pipes are manufactured to resist a much
high pressure. However, sufficient care should be taken to prevent floating bulging of the pipeline
because of building up of such high pressure during the temperature rise.

If the test is not satisfactory, the fault should be found and rectified. Where there is difficulty
in locating a fault, the section under test should be sub-divided and each part tested separately.

Methods employed for finding leaks include:

a. Visual inspection of each joint if, not covered by the backfill;
b. Use of a bar probe to detect signs of water in the vicinity of joints, if backfilled;

c. Aural inspection using a stethoscope or listening stick in contact with the
pipeline;

d. Use of electronic listening device which detects and amplifies the sound or
vibrations due to escaping of water, actual contact between the probe and the
pipe is not essential;

e. Injection of a dye into the test water-particularly suitable in water-logged
ground; and

f. Introduction of nitrous oxide in solution into the test water and using an infra-
red gas concentration indicator to detect the presence of any nitrous oxide that
has escaped through the leak.

After all sections have been joined together on completion of section testing, a test on the
complete pipeline should be carried out. This test should be carried out at a pressure not less than
the maximum sustained operating pressure or the maximum static pressure of the pipeline and,
during the test, inspection made of all work which has not been subject to section tests. During the
test, the pressure at the lowest point in the pipeline should not exceed the maximum given in Table.

MAXIMUM FIELD HYDROSTATIC TEST PRESSURE FOR DUCTILE IRON PIPELINES WITH
FLEXIBLE JOINTS

NOMINAL BORE MAXIMUM FIELD HYDROSTATIC TEST PRESSURE
Mm N/mm?2

Up to 300 4.5

350 to 600 3.0

700 to 1200 2:1

NOTE 1—The above pressures are 0-5 N/mm?2 higher than the pressure ratings for ductile
iron pipes and fittings with flexible joints. It is not considered necessary to field test ductile iron
pipelines to 1.5 times the design operating pressure as is often the practice with grey iron pipelines.

NOTE 2—The field test pressures is applied to ductile iron pipelines only when the pipeline
and its fittings are properly anchored.

It is important to ensure that proper arrangements are made for the disposal of water from
the pipeline after completion of hydrostatic testing and that all consents which may be required from

authorities have been obtained. In some cases, for example, heavily chlorinated water, some
treatment may be necessary before final disposal.
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3.9 PIPE PEDESTAL FOR DUCTILE IRON PIPES

In case of ductile iron pipes to be laid above ground they shall be laid on pillars (pedestal) as
directed by the Employer. The pipe is supported at the plain end and behind the socket. One pillar
shall support the socket end of one and the plain end of the other pipe. The pillars shall be of RCC
and shall be founded on solid soil, not subject to erosion by wind or water. The foundation of the
pillars has to be calculated according to the soil conditions.

The top of the pillar shall form two saddles for the pipe having the same radius as the pipe. The
socket will be lying free between the two saddles. The pipes shall be laid on a coat of polyethylene
of 2 mm thickness, put on mortar. It has to be ensured that the spigot end of the pipe is supported
by the saddle and does not unduly compress the rubber ring in the lower part. Each pipe is fixed by
one adjustable galvanized steel spanner, fixed to the pillar with anchor bolts.

In case of vertical deviations the pipes shall be protected against uplift by additional reinforced
clamps of mild steel. In this case, the design of the pillar has to be made taking in account these
uplift forces and design will be given by Employer.

3.10 THRUST BLOCKS

The thrust blocks shall be of concrete M20 cast on site with proper reinforcement as per design and
drawings. The thrust blocks shall be cast directly against the undisturbed soil. If this is not possible,
the backfilled soil at the contact surface shall be compacted well to full satisfaction of Employer so
that anchor block is not displaced during operation and testing.

3.11 BACKFILLING AROUND CHAMBERS AND THRUST BLOCKS

After the completion of chambers and thrust blocks the space between the structure and the
excavation shall be backfilled with compacted material. Such backfill shall be placed in layers of 15
cm measured before compaction, wetted, if necessary, to optimum moisture and compacted well as
per instruction of Employer.

Embankment around structures shall be done at levels and with slopes.

3.12 OTHER CIVIL AND RELATED WORKS

Crossing of existing Distribution Pipes and connecting pipes

Existing transmission and distribution pipes and connecting pipes of standpipes have to be
protected during the laying of the pipes. In case of impossibility of deviation, the pipes have to be
replaced according to the instructions of the Employer and in co-operation with the local
representative of line Deptt. of PHED. The Contractor has the full responsibility in case of
destruction of pipes due to inattention of his staff. All costs for the reinstatement of the original
status of the pipes in case of damage have to be borne by him.

3.13 POLES OF ELECTRIC OR TELEPHONE LINES

In case of impossibility of deviation of pipeline, poles of electricity lines (33, 11, 0.4 KV), telephone
lines or anchor cables of poles have to be relocated. These works have to be executed by the
respective department or according to its instructions. The cost of such works shall be reimbursed
from Provisional sum. The Contractor has the full responsibility in case of destruction of lines or
poles due to inattention of his staff. In such cases all costs for the reinstatement to the original
status of the lines have to be borne by contractor.
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3.14 BRICK MASONRY

3.14.1 DESCRIPTION

This work shall consist of construction of structures with bricks jointed together by cement mortar in
accordance with the details shown on the Drawings or as approved by the Employer.

3.14.2 APPLICABLE CODES

The following Indian Standard Codes, unless otherwise specified herein, shall be applicable. In all
cases, the latest revision of the codes shall be referred to:

IS - 1077 | Specifications for common burnt clay building bricks

IS - 1200 | Measurements for Building works

IS - 1905 | Code of practice for structural safety of buildings: Masonry walls.

IS - 2116 | Sand for masonry mortars

IS - 2212 | Code of practice for brick work

IS - 3466 | Specification for masonry cement

Other 1.S. Codes not specifically mentioned here but pertaining to the use of bricks for structural
purposes form part of these Specifications.

3.14.3 MATERIALS

All materials to be used in the work shall confirm to the requirements laid down in Chapter 5.

3.14.4 PERSONNEL

Only trained personnel shall be employed for construction and supervision.

3.14.5 LAYING

Bricks used in works shall conform to the relevant Indian Standards. They shall be sound, hard, and
homogeneous in texture, well burnt in kiln without being vitrified, table moulded, and deep red
cherry or copper colored, of regular shape and size and shall have sharp and square and parallel
faces. The bricks shall be free from pores, chips, flaws or humps of any kind. Bricks containing
ingrained particles and / or which absorb water more than 1/6th of their weight when soaked in
water for twenty-four hours shall be rejected. Over-burnt or under-burnt bricks shall be liable to
rejection. The bricks shall give a clear ringing sound when struck and shall have a minimum
crushing strength of 75 kg/sqcm. Unless otherwise noted in Drawings. The class and quality
requirements of bricks shall be as laid down in IS: 3102.

The size of the brick shall be 190x90x90 mm or 190x90x40 mm unless otherwise specified; but
tolerance uptox 3 mm in each direction shall be permitted. Only full size brick shall be used for
masonry work. Brick bats shall be used only with the permission of Employer to make up required
wall length or for bending. Sample bricks shall be submitted to Employer for approval and bricks
supplied shall conform to approval samples. If demanded by Employer brick sample shall be got
tested as per IS: 395 by Contactor at no extra cost to Employer. Bricks rejected by Employer shall
be removed from the site of works within 2 hours.

3.14.6 CEMENT MORTAR
Mortar for brick masonry shall be prepared as per IS: 2250. In valve chambers, brickwork shall

have cement mortar (1:4). Gauge boxes for sand shall be of such dimensions that one bag
containing 50 kg. of cement forms one unit. The sand shall be, free from clay, shale, loan, alkali
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organic matter and shall be of sound, hard, clean and durable particles. Sand shall be approved by
Employer. Sand shall be thoroughly washed till it is free of any contamination.

For preparing cement mortar, the ingredients shall first be mixed thoroughly in dry conditions. Water
shall then be added and mixing continued to give a uniform mix of required consistency. Cement
mortar shall be used within 25 minutes of mixing. Mortar left unused in the specified period shall be
rejected.

3.14.7 WORKMANSHIP

All bricks shall be thoroughly soaked in clean water for at least one hour immediately before being
laid. The cement mortar for brick masonry work of manholes shall be in the proportion specified.
Brick work 230 mm thick and over shall be laid in English Bond. 115 mm thick brick work shall be
laid with stretchers. For laying bricks, a layer of mortar shall be spread over the full width of suitable
length of the lower course. Each brick shall be pressed into the mortar and shoved into final
position so as to embed the brick fully in mortar. Bricks shall be laid with frogs uppermost.

All brickwork shall be plumb, square and true to dimensions shown. Vertical joints in alternate
courses shall come directly one over the other and be in line. Horizontal courses shall be leveled.
The thickness of brick courses shall be kept uniform. For walls of thickness greater than 230 mm
both faces shall be kept in vertical planes. All interconnected brickwork shall be carried out at nearly
one level (so that there is uniform distribution of pressure on the supporting structure and no portion
of the work shall be left more than one course lower than adjacent work. Where this is not possible,
the work shall be raked back according to bond (and not saw toothed at an angle not exceeding 50.
But in no case the level difference between adjoining walls shall exceed 1.25 m. Workmanship shall
conform to IS: 2212.

Brick shall be so laid that all joints are well filled with mortar. The thickness of joints shall not be
less than 6 mm and not more than 10 mm. The face joints shall be raked to a minimum depth of 12
mm by raking tools daily during the progress of work when the mortar is still green, so as to provide
a proper key for the plaster or pointing to be done. When plastering or pointing is not required to be
done, the joints shall be uniform in thickness and be struck flush and finished at the time of laying.
The face of brickwork shall be cleaned daily and all mortar droppings removed. The surface of each
course shall be thoroughly cleaned of all dirt before another course is laid on top. If mortar in the
lower courses has begun to set, the joints shall be raked out to a depth of 12 mm before another
course is laid. No extra payment will be made for raking joints.

Curing shall be commenced as soon as the brick work has hardened sufficiently not to be damaged
during curing. It shall be kept wet for a period of at least 7 days. During this period, it shall be
suitably protected from all damages.

Green work shall be protected from rain by suitable covering and shall be kept constantly moist on
all faces for a minimum period of seven days.

3.14.8 MEASUREMENT AND RATE

The brick work shall be measured in cubic meters. The unit rate of brick masonry work shall be
inclusive of all labour, material, tools & plant and incidental charges to the satisfactory competition
of the work.

3.14.9 CEMENT PLASTER WORK

All joints in masonry shall be raked to a depth of 12 mm with a hooked tool made for the purpose
when the mortar is still green and in any case within 8 hours of it's laying. The surface to be
rendered shall be washed with fresh clean water to make it free from all dirt, loose material, grease,
etc. and thoroughly wetted for 6 hours before plastering work is commenced.

Concrete surfaces to be rendered will however be kept dry. The wall should not be too wet but only
damp at the time of plastering. The damping shall be uniform to get uniform bond between the
plaster and the wall.
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The proportion of the cement mortar shall be as specified on relevant Drawings. Cement shall be
mixed thoroughly in dry condition and then just enough water added to obtain workable
consistency. The quality of water, sand and cement shall be as per relevant I.S. The mortar thus
mixed shall be used immediately and in no case shall the mortar be allowed to stand for more than
25 minutes after mixing with water.

Curing of plaster shall be started as soon as the applied plaster has hardened enough so as not to
be damaged. The decision as to when the plaster has hardened will be given by Employer. Curing
shall be done by continuous applying water in a fine spray and shall be carried out for at least 7
days.

Plastering shall be done on inside faces of brick masonry in CM 1:4, 12mm thick and outside faces
of brick masonry in CM 1:4, 15 mm thick as shown in the drawing or as directed by the Employer.

3.14.10 MEASUREMENT AND RATE
The cement plaster work shall be measured in square meters. The unit rate of cement plaster work

shall be inclusive of all labour, material, tools & plant and incidental charges to the satisfactory
competition of the work

DI D/F Sluice valves shall be provided in the locations specified in the alignment plan of the Rising
mains.

Specification of the sluice valve will confirm to IS 14846:2000 and listed below.
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4. SUB-SECTION 3: SERVICE RESERVOIRS

4.1 GENERAL REQUIREMENTS

This part covers additional specifications for civil construction works, supplementing the general
specifications for material and workmanship. The tender is based on design and drawing and shall
be inclusive of cost of labor, materials, tools and plants and specialized machinery for completing the
various components of the project and all operations connected therewith, under all conditions of site,
moisture, weather etc.

4.2 EMPLOYER’S REQUIREMENT FOR CONSTRUCTION WORK
4.2.1 SCOPE

The scope of works to be carried out under the contract includes:-

() The work includes Construction of Service Reservoirs including related earthwork,
construction of foundations, erection, piping works, etc., as per design and construction
drawings showing detailed reinforcement and sizes.

(i) Providing and fixing PVC water bars at construction joints.

(iii) The work also includes providing and fixing of outlet, inlet, washout and overflow pipes
(flanged) along with specials, blank flanges, puddle flanges etc., as in the drawing and other
related work, etc., complete for all Service Reservoirs including conducting water tightness
test of the same.

(iv)Supplying and fixing of valves, dismantling joints, level indicator, strainer, float valve and
other necessary fixtures as shown in the drawing.

(v) Each Service Reservoir shall also be provided with staircase, ladders, ventilators, lightening
arrester, G | railing, manhole cover with frame, etc., as required for completing the same in
all respects.

(vi)Inlet pipe of Service Reservoirs shall be up to the location of the sluice valve as shown in the
layout plans.

(vii)  Outlet pipe of Service Reservoir shall be up to the location of the sluice valve as shown in
the layout plans.

(viii)  After construction of each Service Reservoir, it shall be tested for its water tightness as
per the procedure given in the specifications. In case leakages are observed, appropriate
rectification measures should be carried out to arrest the same, as per specifications or as
directed by the Employer. No additional payment shall be made for carrying out such
rectification work, if found necessary.

(ix) The scope of work also includes cleaning, washing and disinfection of inside of Service
Reservoir making it free from any foreign matter, loose particles, debris, etc., and makes it
suitable for storage of potable water, commissioning and handing over the Service
Reservoirs and piping works with all other items included in the scope of work as described.
Any statutory and other clearances and or approvals that may be required to complete the
work are covered under the scope. No additional payment shall be made for carrying out the
work.
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(x) Construction of Boundary wall as shown in layout plan of OHTSs.
(xi) Construction of surface drains.

(xii)  Lighting facilities throughout the premises, i.e., internal illumination of shaft and external
illumination of ground.

(xiii)  Construction of access and internal road.
(xiv) Submission of “As built drawings”.

(xv) Dressing up of area.

4.3 CIVIL WORKS

For general civil works, standard specification shall be followed.
General

(v) OHT/CWR'’s shall be round (Intze type) as per the availability of land and site situation
requirement.
(vi)  (viii) For OHT / CWR Grade of concrete will be M30 (Mix Design)

4.3.1 TESTING OF WATER TIGHTNESS FOR WATER RETAINING STRUCTURES

All water retaining structures shall be tested for water tightness as per provisions of 1S: 3370 and
IS: 6494.

4.3.2 TEST AND PRECAUTIONS

4.3.2.1 Water Tightness Test

The tanks shall also be tested for water tightness test at full supply level as described in 10.1.1,
10.1.2 and 10.1.3 of latest revision of IS 3370 (Part I).

On completion of the Service Reservoir works and before its commissioning, the contractor shall
carry out a water tightness test for the maximum water head condition i.e., with the water standing
at Full Supply Level (FSL). This test shall be carried out preferably in dry season in accordance with
the procedure given below:

The water tightness test shall be carried out when the construction of Service Reservoir (i.e.,
construction of container part in all respect) is done and when it is possible to fill the reservoir and
ensure that uniform settlement of the structure as a whole or as directed by the Employer. Before
starting of the filling operations, the reservoir shall be inspected by the Employer and the
Contractor's Representative and the condition of surfaces of walls, contraction joints shall be noted
and it shall be ensured that the jointing material filled in the joint is in position and all openings are
closed. The Contractor shall make necessary arrangement for ventilation and lighting of the
reservoir by way of floodlights, circulators etc., for carrying out proper inspection of the surfaces
and inner conditions if so desired by the Employer. For this purpose, it shall be verified that sluice
valves provided on the various pipes connected to the reservoir then shall be carried out gradually
at the rate not exceeding 30 cm rise in water level per hour. Records of leakages starting at
different levels of water in the reservoir, if any, shall be kept.

The reservoir once filled shall be allowed to remain so for a period of seven days before any
readings of drop in water level are recorded. The level of the water shall be recorded against the
subsequent intervals of 24 hours over a period of seven days. The total drop in surface level over a
period of seven days shall be taken as an indication of the water tightness of the reservoir, which
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for all practical purposes shall not exceed 20 mm. if tanks are exposed to atmosphere, no leakage
should be visible, then only the structure will pass the test. .Also there shall be no indications of the
leakage around the puddle collars or on the walls and bottom of the reservoirs.

If the structure does not satisfy the condition of test and the daily drop in water level is decreasing,
the period of test may be extended for a further period of seven days and if the specified limit is
then reached the structure may be considered as satisfactory.

The external faces of structure shall not show any signs of leakage and shall remain apparently dry
over the period of observation of seven days after allowing a seven day period for absorption after
filling.

In case the drop in level exceeds the permissible level limit and signs of leakage with the stipulated
period of test, the Contractor shall carry out such additional works and adopt such measures as
may be directed by the Employer to reduce the leakage within the permissible limits. The entire
rectification work that shall be carried out in this connection shall be at the Contractor's cost. The
water required for subsequent testing shall be supplied to the Contractor free of cost, if the same is
available near the site. Contractor shall have to make arrangement for filling emptying the reservoir
at his own cost.

If the test results are unsatisfactory, the Contractor shall ascertain the cause and make all
necessary repairs and repeat the water retaining structures test procedures, at his own cost.
Should the re-test results still be unsatisfactory after the repairs, the structure will be condemned
and the Contractor will dismantle and reconstruct the structure, to the original specification, at his
own cost.

During testing and during defect liability period the impression marks created due to seepage shall
be rectified and made good.

No separate payment shall be made for water tightness test and the cost thereof shall deem to be
covered in the rates quoted of different items of work of Service Reservoir.

4.3.3 PRECAUTION

As soon as possible after completion of reservoir and after all pipes have been laid the Contractor
shall remove all dirt, debris, materials, tools etc., from the reservoir and shall wash and brush down
with water the whole of the interior.

The greatest care shall be taken to keep the entire reservoir free from any contamination. Strict
supervision shall be maintained over the workmen entering after first washing down. Provision shall
be made to enable workmen to wash their feet or footwear clean and sterilize them before entering.

4.4 PIPING SYSTEM
4.4.1 PIPES AND VALVES

All pipes shall be installed as per the details provided in the drawings and of suitable size. Overflow
pipes will be of one higher size than the inlet pipes. Valves of same size shall be asper the
specifications provided in the bid document.

4.4.2 FLOAT VALVE SYSTEM

The float valve system shall be installed at inlet pipe inside the container portion. The material of
construction for different components, are given below:

Part No. Name of Part Material Specification

1. Body Cast iron ISD 210, FG 200
2. Valve Cast iron ISD 210, FG 200
3. Bottom plate Castiron ISD 210, FG 200
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4 Washer plate Gun metal IS 318
5 Seat ring Gun metal IS 318
6. Link Gun metal IS 318
7 Liner Brass -
8 Eye Bolt for Valve Brass -
9 Lever fork Mild steel -
10. Valve face Synthetic rubber -
11. Float ball Copper -

The float ball is to be suspended in cylindrical vessel fabricated from 5 mm hot-dip galvanized MS
sheet, so that free upward / downward movement is offered to the ball as the water level rises / falls
in the cylindrical vessel. The valve shall provide watertight closing with an upward movement of
165-175 mm in the vessel.

The material of construction for different components, are as follows:

Part No. Name of part Material Specifications

1 Float ball Copper -

2 Ball Cap Gun Metal BS 1400 LG 2

3 Lever Brass rod BS 2872 or 2874 CZ 114
4 Spilt Pin Brass -

5 Piston Gun Metal BS 1400 GL

6 Piston Cap Gun Metal -

7 Washer Nitrile rubber -

8 Body Gun Metal BS 1400 GL

The above valves shall be tested for the following hydrostatic pressure. The lever and its
connections to the ball must be designed for heavy-duty function.

« Body of valve: 10 kg/cm?2.
e Seat of valve: 6 kg/lcm2 .

4.5 PVC WATER STOP
4.5.1 GENERAL

At the expansion joints, PVC water stops shall be provided as shown in the drawings. PVC
material should meet the performance requirements given in IS: 12200-1987. The specimen of
PVC should be tested before use in accordance with IS: 8543, to the satisfaction of the Employer
before installation. These will be placed at expansion joints as shown in drawings and elsewhere as
directed by the Employer. The PVC water stops shall be 230 mm wide having centre bulb at the
middle with serrations on sides and with end grip. The contractor shall furnish complete kit for
installing and jointing the water stops at site.

4.5.2 PERFORMANCE REQUIREMENTS

PVC water stops shall comply with IS: 12200-1987 for which performance requirements are as given
below. These requirements should be tested with the procedures specified in IS: 8453:;
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Performance Requirements of PVC Water stops

SI.No. Characteristics Unit Value
i) Tensile strength N/mm2 11.6, Min
ii) Ultimate elongation % 300, Min.
iif) Tear Resistance N/mm2 4.9, Min.
iv)Stiffness in flexure N/mm?2 2.46, min.

v) Accelerated extraction

a) Tensile strength N/mm? 10.5, Min.

b) Ultimate elongation % 250, Min.

vi) Effect of alkali : 7 days

a) Weight increase % 0.10, Max.
b) Weight decrease % 0.10, Max.
C) Hardness change Point 5,

vii) Effect of alkali : 28 days

a) Weight increase % 0.40, Max.
b) Weight decrease % 0.30, Max.
c) Dimension change % +1

The wings of the PVC water stops shall be provided with corrugations or bulbs to achieve good
bond. Jointing shall be carried out at site in accordance with the manufacturer's instructions, and to
the satisfaction of Employer.

The water stops shall be well braced and securely fastened in the positions shown on the
Drawings. The concrete shall be carefully packed around horizontal or slightly inclined water stops.
The edges of horizontally placed water stops shall be bent slightly upwards to facilitate concreting
underneath them and to prevent the formation of air pockets. The concreting shall be carried out so
that the flow of concrete to the extent possible will be directed parallel to the water stop and in one
direction only.

Free sections of built-in water stops shall be protected from shocks and, wherever exposed, from
direct sunlight.

4.5.3 STORAGE

The water-stops shall be stored in as cool a place as practicable, preferably at a temperature 20°C
or less and in no case shall be stored in the open or exposed to the direct sunlight. All rubber/PVC
water stops shall be stored so as to permit free circulation of air round them.

All field connections shall be made as directed. The contractor shall take suitable precautions to
support and to protect the water-stops during the progress of the works and shall replace or repair
at his own expense any water-stops which are damaged before final acceptance of the work.

4.6 GI WATER STOP

At construction/expansion joints Gl water stops (230mm wide, 18 gauge) shall be provided as per
direction of the Employer. The Contractor shall provide complete kit for installing and jointing the

water stops at site.
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4.7 OTHER FACILITIES

4.7.1 BOUNDARY WALL

The Contractor shall construct a boundary wall (height of 2.20 meters above the ground level which
shall include barbed wire fencing of an additional 0.4 meters) along the shoreline and boundaries of
premises including the provision and installation of one main gate complete in all respect. The
boundary wall shall be made with RCC (M20) pillar of 250mm square 3m c/c, panel filled up with
first class brickwork. Both sides of the wall shall be plastered.

An entrance gate is proposed for access. The gate shall be of mild steel, size 4m x 2.5m, as per
specification, drawing and Employer.

4.7.2 SURFACE DRAIN

Constructing brick masonry open surface drain with bricks of class designation 75 in cement mortar
1:4 (1 cement : 4 fine sand) including earth excavation, 10 cm thick bed concrete 1:5:10 (1 cement :
5 fine sand : 10 graded stone aggregate 40 mm nominal size) and 25 mm thick cement concrete
1:2:4 (1 cement : 2 coarse sand : 4 graded stone aggregate 12.5 mm nominal size) for filling
haunches including 12 mm cement plaster 1:4 (1 cement : 4 coarse sand) with a floating coat of
neat cement inside the drain, its top and exposed side including disposal of surplus earth complete
as per standard design with F.P.S. bricks.

Drain Size: 250mm wide & 300mm in average depth. (For connecting washout of OHTs and GLSRs
to local drain).

Curing
Curing shall be in accordance with the manufacturer’s instructions or as otherwise directed by the
Employer.
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5. SUB - SECTION 4: DISTRIBUTION NETWORK AND SERVICE CONNECTIONS

51

GENERAL

The works under this contract shall include, but not limited to, the following activities:

i)

ii)

v)

vi)

vii)

viii)

X)

Xi)

i)

xiii)

Preliminary works like setting and maintenance of permanent bench marks, reference
points, etc. It shall also include making adjustment in the layout if required as per site
conditions and as directed by the Employer. The lay out shall be got approved from the
Employer before starting actual work. Existing levels of the areas under the scope of work
shall also be recorded. The Contractor is advised to inspect the sites before tendering to
ascertain the quantum and cost of work and include this cost in their offer.

Clearing of site for construction of the work and all activities connected therewith before
commencement of work to the satisfaction of the Employer. Protection and maintenance of
existing services shall be done by Contractor complying with requirements of Line / Statutory
Authorities. It shall be deemed to be part of contract and no extra payment shall be made for
the same.

Providing adequate arrangement for barricading as per requirements of Local / Statutory
Authorities at all required locations viz. to cover the entire construction site including all T &
P and materials. This shall include reflective signs, markings, flags, steel posts with Gl cover
sheets and flagman.

Provision for all safety measures for traffic, pedestrian, workmen, machinery etc. including
construction and maintenance of temporary diversion as considered necessary by the
Employer. The cost of all such works shall be deemed to be included in the rates quoted by
the Contractor for all the items in the Bill of Quantities and no extra amount shall be paid for
these works.

Assist in identification of services like sewer lines, water supply lines, electric and telephone
poles & cables, underground utilities etc. and liaison with the employer and respective line
departments for shifting and / or protecting the same as & where necessary.

Repair / re-construction of service lines, water supply lines, electric lines, telephone poles,
cables etc. and other structures / properties affected by any action / inaction and activities of
the Contractor. For such works no extra cost shall be paid to the Contractor.

The work may have to be carried out in narrow lanes and populated areas at some places
and before taking up the work, trial pits are to be made to found out the actual alignment of
the existing pipes / utilities which are required to be changed / shifted. The cost for such
works shall be deemed to be included in the overall cost of the work.

Dismantling, if required, of existing old work, brick work, RCC slabs, etc. making them good
including disposal of debris complete as per directions of the Employer.

Cutting of road, dismantling of tiles and other structures as required for the proposed works
after proper approval from the Employer and making them good including disposal of debris
complete as per the direction of Employer.

Excavation of trenches and foundations in all sorts of strata for laying of pipes and
construction of allied structures, back filling of trenches, disposal of surplus soil and site
clearance works.

Supply, storage, handling, laying and jointing of pipes, valves, appurtenances, specials and
all other materials required as per specifications and drawings.

Cleaning, testing, commissioning and disinfection of all pipes and appurtenances laid.

All allied civil works like construction of pipe supports, thrust / anchor blocks, valve
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chambers and pressure gauge chambers as per the drawings and specifications

xiv) Removal of defects in laying and jointing works of all pipelines, valves and specials till the
final commissioning and up to the completion of maintenance period.

xv) All roads, lanes, pavements, footpaths curbs, gutters or other properties damaged for the
purpose of the contract shall be restored to the condition as decided by the Employer.

xvi)  Provisional sum is provided to cover the cost for shifting of utilities, third party inspection and
other miscellaneous items not envisaged at the time of bidding.

xvii) Dismantling if required of old pipe lines, valves etc. of different diameters, stacking and
transporting to GMC store.

xviii) Dismantling of existing valve chambers, thrust block etc wherever required and clearing of
debris.

xix) Dismantle / Disconnect all house connections made directly to existing distribution pipelines
and reconnect them with newly installed service lines.

xX)  Implementation of Environmental Management Plan included in the Bid Document. The cost
of implementation of EMP shall be deemed to be included in the quoted rates of the each
item.

xxi)  Quality Assurance and Quality control manual of MORT&H, BIS and IRC shall be strictly
followed.

xxii) Clearing of site to the satisfaction of the Employer after execution and as well as after
undertaking any repairs during maintenance period.

5.2 SURVEYS AND EXECUTIVE DESIGN

The Detailed Design for the Works of laying DI pipes and their allied works has been undertaken by
Design Consultants. However, the Contractor is to verify information provided and assist the
Employer to undertake the Executive drawings.

5.3 DOCUMENTS AND DRAWINGS

A list of Drawings for the proposed work shall be issued along with the bid document. Construction
Drawings will be issued to the Contractor by the Employer during progress of work.

The Contractor shall verify all dimensions, quantities and details shown on the Drawings,
Schedules, or other data and the Employer shall not be held responsible for any omissions and
discrepancies found therein. Failure to discover or correct error or discrepancies shall not relieve
the Contractor of full responsibility for unsatisfactory works. The Contractor shall assume all
responsibilities for the making of estimates of the sizes, kinds and quantities of materials and
equipment included in the work to be done under the Contract. He shall not be allowed to take
advantage of any errors or omissions, as full instructions will be furnished by the Employer if such
errors or omissions be discovered.

54 OTHER CONTRACTS AND CONTRACTORS

The Contractor must ascertain to his own satisfaction the scope of the sub — project and the nature
of other contracts that have been or may be awarded by the Employer in the execution of the
project to the end that the Contractor may perform the Contract in the light of such other contracts.

Nothing herein contained shall be interpreted as granting to the Contractor exclusive occupancy of
the sites in the project area. The Contractor shall not cause any unnecessary hindrance or delay to
any other contractor working in the project area. If the performance of any contract for the project is
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likely to be interfered with by the simultaneous execution of some other contract or contracts, the
Employer shall decide which contractor may proceed.

The Employer shall not be responsible for any damages suffered or extra costs incurred by the
Contractor resulting directly, or indirectly, from the award or performance or attempted performance
of any other contracts or line departments related to the project, or caused by any decision or
omission of the Employer respecting the order of precedence in the performance of the contracts
awarded for completion of the project.

5.4.1 BEDDING, BACKFILLING AND COMPACTION

5.4.1.1 Bedding

In case of sandy strata no separate bedding is required. However the bottom face / trench bed
where pipe shall be placed shall be compacted to provide a minimum compaction corresponding to
95% of maximum dry density. The pipe bedding should be placed so as to give complete contact
between the bottom of the trench and the pipe.

5.4.1.2 Back Filling

Backfilling should be placed in layers not exceeding 15cm thickness per layer, and should be
compacted to a minimum of 95% maximum dry density. The refilling should be done on both sides
of pipe together & height difference in earth fill on each side should not be more to cause lateral
movement of pipe.

Coarse grained soils are acceptable. This may comprise of gravel or sand. However silty sand,
clayey sand, silty and clayey gravel shall not be used unless proposed to be used in conjunction
with gravel or clean sand.

It is very important that the pipe zone backfill material does not wash away or migrate in to the
native soil. Likewise, potential migration of the native soil in to the pipe zone backfill must also be
prevented.

Heavy earth moving equipment used for backfilling should not be brought until the minimum cover
over the pipe is 90 cm in the case of wide tracked bulldozers or 120 cm in the case of wheeled
roaders or roller compactors.

5.4.1.3 Compaction

Vibratory methods should be used for compaction. Compaction within distances of 15 cm to 45 cm
from the pipe should be usually done with hand tempers. The backfill material should be compacted
not less than 95% of maximum dry density.

5.4.2TESTS TO ESTABLISH PORTABILITY OF WORK

Pipe specimen shall be subjected to tests specified below in order to establish the suitability of
these pipes for use in carrying potable water:

) Smell of the extract

I)  Clarity of the colour of the extract

)  Acidity and alkalinity

IV)  Global migration UV absorbing material Heavy metals
V)  Un-reacted monomers (styrens) and Biological tests

5.4.3 HYDRAULIC TESTING

Pipes shall be given different hydraulic tests for ensuring quality of manufacture as per clause
16.9.5.6.2 of this specification.

5.4.4 MEASUREMENT

The net length of pipes as laid or fixed shall be measured in running meters correct to a cm.
Specials shall be excluded and measured and paid separately under the relevant item. The portion
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of the pipe at the joints (inside the joints) shall not be included in the length of pipe work.
Excavation, refilling, masonry and concrete work wherever required shall be measured and paid for
separately under relevant items of work.

Payment shall be made as per relevant items in BOQ

5.4.5 TESTING FACILITY

The contractor shall set up testing facility for testing the DI pipes in Bhagalpur itself since he has to
conduct sample test for 527 Km length of pipe.

5.5 HIGH DENSITY POLYETHYLENE PIPES (HDPE PIPES)
5.5.1SCOPE

This specification covers the requirements for successfully designing, manufacturing, supplying,
laying, jointing and testing at works and site of High Density Polyethylene Pipes used for water

supply.
5.5.2APPLICABLE CODES

The manufacturing, testing, supplying, laying, jointing and testing at work sites of HDPE pipes shall
comply with all currently applicable statutes, regulations, standards and Codes. In particular, the
following standards, unless otherwise specified herein, shall be referred. In all cases the latest
revision of the Codes shall be referred to. If requirements of this Specification conflict with the
requirements of the standards / Codes, this Specification shall govern.

Code No. Title/Specification

IS: 4984 High Density Polyethylene Pipes for Water Supply

IS: 2530 Methods of test for polyethylene moulding materials and polyethylene compounds

' GRP Pipes, Joints and Fittings for use for Potable Water Supply

IS: 5382 Rubber sealing rings for gas mains, water mains and sewers.

IS: 4905 Methods for random sampling

IS: 7328 High density polyethylene materials for moulding and extrusion

IS: 7634 Laying & Jointing of Polyethylene (HDPE) Pipes
Method of analysis for the determination of specific and/or overall migration of

IS: 9845 constituents of plastics material and articles intended to come into contact with
foodstuffs

IS: 10141 Positive list of constituents of polyethylene in contact with food stuffs,
pharmaceuticals and drinking water.

IS: 10146 Polyethylene for its safe use in contact with foodstuff, Pharmaceuticals and drinking
water.

Others Codes not specifically mentioned here but pertaining to the use of HDPE pipes form part of
these Specifications.
5.5.3DESIGNATION

Pipes shall be designated as per IS 4984, according to the grade of material, followed by pressure
rating and nominal diameter, for example, PE 63 PN 10 DN 200 indicates a pipe pertaining to
material grade 63 having a pressure rating 1.0 MPa and outside nominal diameter 200 mm.
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5.5.4COLOUR

For the purpose of identification of the pipes, each pipe shall contain minimum three equi-spaced
longitudinal strips of width 3mm (min) in blue colour, these strips shall be coextruded during pipe
manufacturing and shall not be more than 0.2 mm in depth. The material of the strip shall be of the
same type of resin.

All HDPE Pipes of the same size, same pressure rating and same grade and also manufacture
essentiality under similar conditions of manufacture, shall constitute a lot
5.5.5PERFORMANCE STANDARDS

5.5.5.1Hydraulic Characteristics

When subjected to internal pressure creep rupture test IS 4984 : 1995 in accordance with
procedure given in Annex B of IS code , the pipes under test shall show nosigns of localized
swelling, leakage or weeping, and shall not burst during the prescribed test duration. The
temperatures, duration of test and induced stresses for the test shall conform to those specified h
Table 6 of IS Code

5.5.5.2 Reversion Test

When tested according to the procedure given at Annex C, the value of the longitudinal reversion
shall mtbe greater than 3 percent.

5.5.5.3 Overall Migration Test

When tested from a composite sample of minimum 3 pipes as per IS 9845: 1986, the overall
migration of constituents shall be within the limits stipulated in IS 10146: 1987.

5.5.5.4Density

When tested from a composite sample of minimum three pipes as per Annex A of IS 7328:1992, it
shall meet the requirement as given in 5.2.1.

5.5.5.5Melt Flow Rate (MFR)

When tested from a composite sample of minimum three pipes as per IS 2530 : 1963, at 190 C with
nominal load of 5 kgf, MFR shall be between 0.4 to 1 .| g/10 minutes and also shall not differ by
more than 30% of the MFR of the material used in manufacturing Pipes.

5.5.5.6Carbon Black Content and Dispersion

When tested from a composite sample of minimum three pipes, in accordance with IS 2530: 1963,
the Carbon black content shall be within 2.5 2 0.5 percent, and the dispersion of carbon black shall

be satisfactory.

5.5.6MATERIALS

The material used for the manufacturer of pipes should not constitute toxicity hazard, should not
support microbial growth, should not give rise to unpleasant taste or odor, cloudiness or
discoloration of water. Pipe manufacturers shall obtain a certificate to this effect from the
manufacturers of raw material by any internationally reputed organization as per the satisfaction of
the engineer in charge.

5.5.7RAW MATERIAL

Raw material used to manufacture the HDPE pipes shall be 100% virgin PE compound or
(&) Natural black PE resin confirming to IS: 4984, IS: 7328 and 1SO: 4427 for this a certification
has to be given by the resin manufacturer as per clause 3.2.3 of IS: 4984. The resin
proposed to be used for manufacturing of the pipes should also comply with the following
norms as per ISO 9080
(b)  The resin should have been certified by an independent laboratory of international repute
for having passed 48 hour long term hydrostatic strength (LTHS) test extrapolated to 50
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years to show that the resin has a minimum MRS of over 10MPa. Internal certificate of any
resin manufacturer will not be acceptable.
(c)  Short term creep test rupture test at 80 C for 48 h has to be conducted as per IS code 4984
(d) Certificate for having passed the full scale rapid crack propagation test as per ISO 13478.
High density Polyethylene (HDPE) used for the manufacture of pipes shall conform to
designation PEEWA-45-T-006 of IS 7328. HDPE conforming to designation PEEWA-45- T-
012 of IS 7328 may also be used with the exception that melt flow rate (MFR) shall not
exceed 1.10 g/10 min. In addition the material shall also conform to clause 5.6.2 of IS 7328.
(e) The specified base density shall be between 941.0kg/ m3 and 946.0kg/ m3 (both inclusive)
when determined at 27°C according to procedure prescribed in IS 7328 The value of the
density shall also not differ from the nominal value by more than 3 kg/ m3 as per 5.2.1.1 of
IS 7328. The MFR of the material shall be between 0.41 and 1.10 (both inclusive) when
tested at 190°C with nominal load of 5 kgf as determined by method prescribed in IS 2530.
The MFR of the material shall also be within £ 20 percent of the value declared by the
manufacturer.
The resin shall be compounded with carbon black. The carbon black content in the material shall be
within 2.5 +0.5% and the dispersion of carbon black shall be satisfactory when tested as per IS

2530.

5.5.8ANTI-OXIDANT

The percentage of anti-oxidant used shall not be more than 0.3 percent by mass of finished resin.
The anti-oxidant used shall be physiologically harm less and shall be selected from the list given in
IS 10141

5.5.9REWORKED MATERIAL

No addition of Reworked/ Recycled Material from the manufacturer’'s own rework material resulting
from the manufacture of pipes is permissible and the vendor is required to use only 100% vie gin
resin compound.

5.5.10MAXIMUM OVALITY OF PIPE

The outside diameter of pipes, tolerance on the same and ovality of pipe shall be as given in table 2
of IS 4984. Ovality shall be measured as the difference between maximum outside diameter and
minimum outside diameter measured at the same cross section of the pipe, at 300 mm away from
the cut end. For pipes to be coiled the ovality shall be measured prior to coiling. For coiled pipes,
however, re-rounding of pipes shall be carried out prior to the measurement of ovality.

5.5.11WALL THICKNESS

The minimum & maximum wall thickness of pipe for the three grades of materials, namely PEG3,
PE80, and PE100 shall be as given in table 3, 4, & 5 respectively in 1S:4984.

5.5.12LENGTH OF STRAIGHT PIPE

The length of straight pipe used shall be more than 6 m or as agreed by engineer in charge. Short
lengths of 3 meter (minimum) up to a maximum of 10% of the total supply may be permitted.

5.5.13COILING

The pipes supplied in coils shall be coiled on drums of minimum diameter of 25 times the nominal
diameter of the pipe ensuring that kinking of pipe is prevented. Pipe beyond 110mm dia shall be
supplied in straight length not less than 6m.

5.5.14WORKMANSHIP / APPEARANCE

Pipes shall be free from all defect including indentations, delaminating, bubbles, pinholes, cracks,
pits, blisters, foreign inclusions that due to their nature degree or extent detrimentally affect the
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strength and serviceability of the pipe. The pipe shall be as uniform as commercially practicable in
colour opacity, density and other physical properties as per relevant IS Code or equivalent
International Code. The inside surface of each pipe shall be free of scouring, cavities, bulges,
dents, ridges and other defects that result in a variation of inside diameter from that obtained on
adjacent unaffected portions of the surface. The pipe ends shall be cut clearly and square to the
axis of the pipe.

5.5.15HANDLING, TRANSPORTATION STORAGE AND LOWERING OF PIPES

During handling, transportation, storage and lowering, all sections shall be handled by such means
and in such a manner that no distortion or damage is done to the section or to the pipes as a whole.

The following procedures should be followed so as to eliminate potential damage to pipes and
fittings and to maintain maximum safety during unloading, lifting and lowering.

Pipes must not be stored or transported where they are exposed to heat sources likely to exceed
600C.

Pipes shall be stored such that they are not in contact with direct sunlight, lubricating or hydraulic
oils, petrol, solvents and other aggressive materials.

Scores or scratches to a depth of greater than 10% or more of wall thickness are not permissible;
any pipes having such defects should be strictly rejected.

PE pipes should not be subjected to rough handling during loading and unloading operations.
Rollers shall be used to move, drag the pipes across any surface.

Only polyester webbing slings should be used to lift heavy PE (>315mm) pipes by crane. Under no
circumstances, chains, wire ropes and hooks be used on PE pipes.

Pipes shall not be dropped to avoid impact or bump. If any time during handling or during
installation, any damage, such as gouge, crack or fracture occurs, the pipe shall be repaired if so
permitted by the competent authority before installation.

During coiling care should be taken to maintain the coil diameter at or above the specified minimum
to prevent kinks. Coiling shall be done when the pipe attains the ambient temperature from the
extruder. In uncoiling or recoiling care should be taken that sharp objects do not scour the pipe.

When releasing coils, it must be remembered that the coil is under tension and must be released in
a controlled manner. The end of the coil should be retained at all times, then the straps released
steadily, one at a time. If the coil has bands at different layers of the coil, then they should be
released sequentially starting from the outer layers. The amount of the energy locked up in the coil
will depend on the size of the pipe, the SDR of the pipe, and the size of the coil.

Straight lengths should be stored on horizontal racks giving continuous support to prevent the pipe
taking on a permanent set

Bare coils shall be wrapped with hessian cloth for long distance (> 300Kms) transportation. The
truck used for transportation of the PE pipes shall be exclusively used of PE pipes only with no
other material loaded — especially no metallic, glass and wooden items. The truck shall not have
sharp edges that can damage the Pipe.

Pipes manufactured at factory are to be carried to the site of work directly or stacked suitably and
neatly along the alignment/road side/elsewhere near by the work site or as directed by the
Engineer.

Damages during transit, handling, storage will be to the Contractor’s account and replacement for
such pipes has to be made by the Contractor without any extra cost as directed by the Engineer.
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5.5.16LOWERING, LAYING OF PIPES

Each pipe shall be thoroughly checked for any damages before laying and only the pipes which are
approved by the Engineer shall be laid.

While installing the pipes in trenches, the bed of the trench should be level and free from sharp
edged stones. In most cases, the bedding is not required, as long as the sharp and protruding
stones are removed, by sieving the dug earth, before using the same a backfill material. While lying
in rocky areas suitable bed of sand or gravel should be provided. The fill to about 10 to 15 cm
above the pipe should be fine sand or screened excavated material. Where hard rock is met with,
bed concrete M15, 15 cm or 20cm thick sand bed as approved by the engineer may be provided

As PE pipes are flexible, long lengths of fusion-jointed pipes having joints made above ground can
be rolled or snaked into narrow trenches. Such trenches can be excavated by narrow buckets.

During the pipe laying of continuous fusion jointed systems, due care and allowance should be
made for the movements likely to occur due to the thermal expansion/contraction of the material.
This effect is most pronounced at end connections to fixed positions (such as valves etc) and at
branch connections. Care should be taken in fixing by finishing the connections at a time the length
of the pipe is minimal (lower temperature times of the day.)

For summer time installations with two fixed connection points, a slightly longer length of PE pipe
may be required to compensate for contraction of the pipe in the cooler trench bottom.

The final tie-in connections should be deferred until the thermal stability of the pipeline is achieved.
The flexibility of polyethylene pipes allows the pipe to be cold bend. The fusion jointed PE pipe is
also flexible as the plain Pipe. Thus the total system enables directional changes within the trench
without recourse to the provision of special bends or anchor blocks. However, the pipe should not
be cold bend to a radius less than 25 times the OD of the pipe.

The Installation of flanged fittings such as connections to sluice/air/gate valves and hydrant tees
etc., requires the use of stub ends (collars/flange adaptors complete with backing rings and
gaskets. Care should be taken when tightening these flanges to provide even and balance torque.

Provision should be made at all heavy fittings installation points for supports (such as anchoring of
the flange in the soil) for the flange joint to avoid the transfer of valve wheel turning torque on to the
PE flange joint.

PE pipe is lighter than water. Hence care should be taken for normal installations where there could
be a possibility of flooding of the trench thus the trench shall be kept free of water till the jointing
has been properly done

When flooded, some soils may lose cohesiveness, which may allow the PE pipe to float out of the
ground. Several design checks are necessary to see if groundwater flotation may be a concern.
Obviously, if the pipeline typically runs full or nearly full of liquid, or if groundwater is always below
the pipe, flotation may not be a significant concern.

However, weights by way of concrete blocks (anchors) are to be provided so that the PE pipe does
not float when suddenly the trench is flooded and the soil surrounding the pipe is washed away.
Thus site conditions study is necessary to ensure the avoidance of flotation.

Pipe embedment backfill shall be stone-free excavated material placed and compacted to the 95%
maximum dry density.

5.5.17JOINTING OF PIPES

The pipe shall have a jointing system that shall provide for fluid tightness for the intended service
conditions. Appropriate jointing for HDPE pipe as per IS 4984 shall be selected considering site and
working condition, pressure and flow of liquids
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5.5.18 BEDDING, BACKFILLING AND COMPACTION

5.5.18.1 Bedding

In case of sandy strata no separate bedding is required. However the bottom face / trench bed
where pipe shall be placed shall be compacted to provide a minimum compaction corresponding to
95% of maximum dry density. The pipe bedding should be placed so as to give complete contact
between the bottom of the trench and the pipe.

5.5.18.2Back Filling

Backfilling should be placed in layers not exceeding 15cm thickness per layer, and should be
compacted to a minimum of 95% maximum dry density. The refilling should be done on both sides
of pipe together & height difference in earth fill on each side should not be more to cause lateral
movement of pipe.

Coarse grained soils are acceptable. This may comprise of gravel or sand. However silty sand,
clayey sand, silty and clayey gravel shall not be used unless proposed to be used in conjunction
with gravel or clean sand.

It is very important that the pipe zone backfill material does not wash away or migrate in to the
native soil. Likewise, potential migration of the native soil in to the pipe zone backfill must also be
prevented.

Heavy earth moving equipment used for backfilling should not be brought until the minimum cover
over the pipe is 90 cm in the case of wide tracked bulldozers or 120 cm in the case of wheeled
roaders or roller compactors.

5.5.18.3 Compaction

Vibratory methods should be used for compaction. Compaction within distances of 15 cm to 45 cm
from the pipe should be usually done with hand tempers. The backfill material should be compacted
not less than 95% of maximum dry density.

5.5.18.4Fittings & Specials

All HDPE fittings/ specials shall be fabricated in accordance with 1S: 8360 (Part 1& 1ll). PE Injection
moulded fittings shall be as per IS: 8008 (Part | to 1X). All fittings/specials shall be fabricated or
injection moulded at factory only. No fabrication or moulding will be allowed at site, unless
specifically permitted by the Engineer. Fittings will be butt welded on to the pipes or other fittings by
use of heat fusion.

5.5.18.5Bends

HDPE bends shall be plain square ended conforming to 1S: 8360 Part | & Il Specifications. Bends
may be fabricated by jointing several small sections of pipes to reach the required angle.

5.5.18.6Tees

HDPE Tees shall be plain square ended conforming to IS: 8360 Part | & Il Specifications. Tees
may be equal tees or reduced take off tees. Tees may be moulded or fabricated from pipes
elements.

5.5.18.7Reducers

HDPE Reducers shall be plain square ended conforming to IS: 8008 Part | & VII Specifications.
Reducer must be moulded.

5.5.18.8Flanged HDPE Pipe Ends

HDPE Stub ends shall be square ended conforming to IS: 8008 Part | & VII Specifications. Stub
ends will be welded on the pipe. Flange will be of slip on flange type as described below.
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5.5.18.9 Slip-On Flanges

Slip-on flanges shall be metallic flanges covered by epoxy coating or plastic powder coating. Slip-
on-flanges shall be conforming to standard mating relevant flange of valves, pipes etc. Nominal
pressure rating of flanges will be PN10.

5.5.18.10 Welding Procedure

Jointing between HDPE pipes and specials shall be done as per the latest IS: 7634 part Il. Method
of jointing between the pipes to pipes and pipes to specials shall be with good quality of Electro
fusion welding of HDPE pipes. If approved by the concerned Engineer, jointing with PP
compression fittings may be carried out for smaller diameters of PE pipes (up to 110mm

5.5.19TESTS TO ESTABLISH PORTABILITY OF WORK

Pipe specimen shall be subjected to tests specified below in order to establish the suitability of
these pipes for use in carrying potable water:

VI)  Smell of the extract

VII) Clarity of the colour of the extract

VIII) Acidity and alkalinity

IX)  Global migration UV absorbing material Heavy metals

X)  Un-reacted monomers (styrens) and Biological tests

5.5.20HYDRAULIC TESTING

Pipes shall be given different hydraulic tests for ensuring quality of manufacture as per clause
16.9.5.6.2 of this specification.

5.5.21IMEASUREMENT

The net length of pipes as laid or fixed shall be measured in running meters correct to a cm.
Specials shall be excluded and measured and paid separately under the relevant item. The portion
of the pipe at the joints (inside the joints) shall not be included in the length of pipe work.
Excavation, refilling, masonry and concrete work wherever required shall be measured and paid for
separately under relevant items of work.

Payment shall be made as per relevant items in BOQ

5.5.22TESTING FACILITY

The contractor shall set up testing facility for testing the HDPE pipes in Gaya itself since he has to
conduct sample test for 300 Km length of pipe.

5.6 D.I PIPES AND SPECIALS

As per the specification mentioned elsewhere in the contract or IS code IS 8329:2000
5.7 TECHNICAL REQUIREMENTS

5.7.1 GENERAL SPECIFICATION

In the absence of any definite provisions on any particular issue in the aforesaid Specifications,
reference may be made to the relevant latest codes and specifications of BIS. Where even these
are silent, the construction and completion of the works shall conform to sound Engineering
practice as approved by the Employer and in case of any dispute arising out of the interpretation of
the above, the decision of the Employer shall be final and binding on the Contractor
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5.7.2 SPECIFIC SCOPE OF WORK

The work covers procurement of different size of D.l. pipes for water supply, pipe fittings, valves
etc. and stacking of material in proper and safe place, laying of piping work in different parts of the
city consisting of congested areas and also fringe parts of the city which are sparsely populated.

Cutting of pucca roads, dismantling of tiles in lanes, cutting of pavements/ footpath, excavation of
pipe trenches and refilling of trenches with proper compaction after laying of pipe, fittings etc.

Restoration of lanes, roads, footpath, gutters and other properties/surfaces, as directed by the
Employer. Disposal of surplus material and cleaning of area of work and surroundings

The work consists of interconnection with the existing network of distribution system and existing
Ground Level Services Reservoir / Over Head Tank (GLSR / OHT). The contractor must keep in
mind that this is a re-organization package and interconnection with the existing network is a major
part of the work. The pipe showing distress in the gravity distribution system is to be replaced as
directed by the Employer.

Each DMA should be provided with minimum of 1 monitoring station to monitor the inflow of the
water and the pressure of the pipe line in a particular DMA as specified elsewhere in the contract.
The necessary device like pressure instruments, control valves, flow meters, etc shall be installed
to operate and monitor the entire DMA'’s.

The contractor will be allowed to simultaneously start work from head in multiple numbers of DMAs
as specified in the Employer’s Requirements and having existing supply reservoirs and then carry
out proposed works as per laid down specifications.

A detailed Service Connection Survey to be made by the contractor. With respect to survey done
the house service connection to be made with individual domestic multi-Jet Domestic Water
compatible to AMR type as per specification mentioned after Employer’s approval.

Making trial pits for finding out the exact location of the worn out pipes and to finalize the alignment
for laying new pipes.

Bill of Quantities provided with the Bid Document is indicative and the Bidder should satisfy himself
about this aspect before quoting.

5.7.3 SPECIFICATIONS

These specifications cover the items of work in structural and non-structural parts of the works
coming under purview of this document. All work shall be carried out in conformation with these
specifications. In general, provisions of standard specifications published by Bureau of Indian
Standard Specification (BIS) or equivalent national specifications have been followed.
Specifications for other items of Bill of quantity, which are not included in Employer’'s Requirements,
will be governed by relevant Indian Standard code, or Central / State PWD specifications, which are
stronger and favorable to the Employer, and shall be followed for construction works.

The work shall be executed in accordance with best modern practices. All codes and  standards
referred to in these specifications shall be the latest revision thereof thirty days prior to the date of
submission of bids. In case of discrepancy with the BIS codes the provision in these specifications
shall prevail.

5.7.4 SERVICE TO BE RENDERED BY THE CONTRACTOR
a) The service to be rendered by the bidder shall include furnishing of all construction

documents, as built details / drawings, Photographs/Videos, operation and maintenance
instruction manuals etc

b) The contractor shall submit six hard copies and one soft copy of the documents submitted to
the Employer for any approval.
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c) Supply of essential and special tools and implements;

d) Any other services although not specifically called for but required for successful completion
of the work as per directions of Employer;

5.7.5 MEASUREMENT AND PAYMENTS

The methods of measurement and payment shall be as described under various items and in the
bill of quantity. Where specific definitions are not given, the methods described in IS Codes shall be
followed. Should there be any detail of construction or materials which has not been referred to in
these Specification or in the bill of quantities and Drawings but the necessity for which may be
implied or inferred wherefrom, or which are usual or essential to the completion of the work in the
trades, the same shall be deemed to be included in the rates and prices quoted by the Contractor in
the bill of quantities.

5.7.6 UNACCEPTABLE WORK

All defective Works are liable to be demolished, rebuilt and defective materials replaced by the
Contractor at his own cost. In the event of such Works being accepted by carrying out
repairs/rectification etc. as specified by the Employer, the cost of repairs/rectification shall be borne
by the Contractor.

5.7.7 MAINTAINING UTILITY SERVICE AND TRAFFIC

Public Utilities

e The Contractor may be required to carry out the removal or shifting of certain
services/utilities on specific orders from the Employer for which payment shall be made to
him. Such works shall be taken up by the Contractor only after obtaining clearance from the
Employer and ensuring adequate safety measures.

No clearance or alterations to the utility shall be carried out unless specially ordered by the
Employer.

e Any services affected by the Works must be temporarily supported by the Contractor who
must also take all measures reasonably required by the various bodies to protect their
services and property during the progress of the Works.

e The Contractor may be required to carry out certain Works for and on behalf of the various
bodies and he shall also provide, with the prior approval of the Employer, such assistance
to the various bodies as may be authorized by the Employer.

e The work of temporarily supporting and protecting the public utility services during
execution of the Works shall be deemed to be part of the Contract and no extra payment
shall be made for the same.

5.7.8 AVOIDANCE OF EXISTING SERVICES

Adequate arrangements shall be made by Contractor to protect and support other services during
all phases of the work. If the Contractor fails to protect the other services/utilities and any damage
occurs to any services/material, Contractor shall reinstate such utilities to existing conditions at his
own cost or pay for the rectification of damages so caused.

579 ARRANGEMENT FOR TRAFFIC DURING CONSTRUCTION

The Contractor shall at all-time carry out work on the roads in a manner creating least interference
to the flow of traffic while consistent with the satisfactory execution of the same. For all Works
involving improvements to the existing roads, the Contractor shall, in accordance with the directions
of the Employer, provide and maintain, during execution of the work, a passage for traffic either
along a part of the existing carriageway under improvement, or along a temporary diversion
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constructed close to the road. The cost of temporary diversion shall be deemed to be included in
the quoted rates. The Contractor shall take prior approval from the concerned traffic authorities
through the Employer regarding traffic arrangements during construction. For this he will provide all
desired information/details to the Employer and liaison with the concerned line departments in
seeking required approval.

On both sides, suitable regulatory/warning signs as approved by the Employer shall be installed for
the guidance of road users. On each approach, at least two signs shall be put up, one close to the
point where transition of carriageway begins and the other at the entry of the road which may be
about 120 m away from the actual working site. The signs shall be of approved design and of
reflectors type, if so directed by the Employer.

5.7.10 APPROVAL OF MATERIALS

Approval of all sources of material for Works shall be obtained in writing from the Employer before
their use on the project.

Quiality assurance plan of D.I. pipes shall be submitted before the dispatch of the material from the
works for the approval of the Employer.

Cement, sand, aggregate, bricks, steel, steel frame etc. samples shall be submitted for the approval
of the Employer. The contractor is required to submit the NOCs of Pollution Control Board for the
qguarries/crusher from where the aggregates are to be procured as well as for batching
plant/generators as per GoB guidelines. The contractor will not be allowed to proceed without
furnishing above NOCs, which are of mandatory nature.

The contractor will be required to adopt measures for the suppression of dust by way of sprinkling
of water through water tankers with frequent intervals and will maintain the record of the same for
verification by the Employer.

5.7.11 ACCESS TO ABUTTING PROPERTIES

For the duration of the Works the Contractor shall at all times provide convenient access to paths,
steps, bridges or drives for all entrances to property abutting the site and maintain them clear, tidy,
and free from mud and objectionable matter.

In addition to the above, in order to ensure uninterrupted traffic flow in the cross roads, the
Contractor has to provide and maintain suitable crossing arrangement for the existing traffic to
move across the construction work for all categories of roads crossing the roads under
construction/improvement during the entire period of construction/maintenance or till such time that
alternative arrangement for the traffic is made.

5.7.12 USE OF EQUIPMENT ON WORKS

The following conditions regarding use of equipment on works shall be followed:

1. The Contractor shall be required to give a trial run of the equipment(s) to be deployed at site or
establishing their capability to achieve the required Specifications and tolerance to the
satisfaction of the Employer before commencement of the work.

All equipment’s provided shall be of proven efficiency and shall be operated and maintained at
all times in a manner acceptable to the Employer.

2. No equipment or personnel will be removed from site without permission of Employer.
5.7.13 QUALITY CONTROL ON WORKS AND MATERIALS
i. The Contractor shall be responsible for the quality of the work in the entire

construction/maintenance work within the contract. He shall, therefore, have his own
independent and adequate set-up for ensuring the same.
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ii. The Employer shall inspect the work from time to time during and after construction and
ascertain the quality of the work tested (by himself, by his Testing and Quality Control Units
or by any other agency deemed fit by him), procedures and tests as directed by the
Employer shall be followed.

iii. The Contractor shall provide necessary cooperation and assistance in conducting the tests
and obtaining the samples for tests and carrying out the field tests as required by the
Employer from time to time. This may include provision of labor, attendance, assistance in
packing and dispatching and any other assistance considered necessary in connection with
the tests.

iv. The Contractor shall carry out modification in procedure of work, if any, as directed by the
Employer during inspection.

V. Where the Employer considers that in the interest of the control of the quality on materials
or workmanship, madifications, if any, are necessary, such modifications shall be carried
out by the Contractor at no extra cost.

Vi. The Contract rate quoted for various items of work in the Bill of Quantities shall be deemed
to be inclusive of all costs of the provisions indicated in the above mentioned clauses.

5.7.14 SURVEYING AND MEASURING EQUIPMENT

Equipment for surveying and measurement of the work shall be procured by the Contractor for his
use. The same shall also be made available to the Employer at site for any work connected with the
Contract without any additional charge.

5.7.15 COMPLETION DRAWINGS

The Contractor shall submit to the Employer within two months of actual completion of individual
DMA, the “Completion” Drawings and operation and maintenance instructions for the completed
works. These Drawings shall be accurate and correct in all respects and shall be shown to and
approved by the Employer.

The completion drawing for individual component of works shall be updated periodically during the
contract period as the work progresses in other DMAs.

Completion Drawings in Six sets along with soft copies in two C.Ds. shall be supplied by the
Contractor.

The cost of all above shall be borne by the Contractor and he will be paid as per general items of
the BOQ.

5.7.16 SITE CLEARANCE

5.7.16.1 Scope

This work shall consist of cutting, removing and disposing of all materials such as trees, bushes,
shrubs, stumps, roots, grass, weeds, posts, other structures etc., from the area of works which in
the opinion of the Employer are unsuitable for incorporation in the works, and such other areas as
may be specified on the drawings or by the Employer.

If trees have to be removed, effort must be given for transplantation through specialized agency. If
for any reason the trees cannot be transplanted then arrangements must be made for planting 2
tree saplings with guard for every tree to be felled.

5.7.16.2 Preservation of Property/Amenities

Trees, shrubs, any other plants, pole lines, fences, signs, monuments, buildings, pipelines, sewers
and all facilities within or adjacent to the site which are not to be disturbed shall be protected from
injury or damage.
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During site clearance, the contractor shall take all adequate precautions against soil erosion, water
pollution, etc., and where required, undertake additional Works to that effect. Before start of
operations, the Contractor shall submit to the Employer for approval, his work plan including the
procedure to be followed for disposal of materials, etc., and the schedules for carrying out
temporary and permanent works.

5.7.16.3 Methods, Tools and Equipment

Only such methods, tools and equipment as are approved by the Employer and which will not affect
the property to be preserved shall be adopted for the work.

5.7.16.4 Disposal of Materials

All materials arising from site clearance operations shall be disposed of to any suitable site to be
identified by the Employer

5.7.16.5 Measurements for Payment

Site clearance including clearing and grubbing shall be incidental to the works and no separate
measurements shall be recorded for the purpose of payments Contract unit prices for various items
in BOQ shall include all works of site clearance and disposal of surplus soil / rubbish by mechanical
transport with loading, unloading and spreading lead up to 8 km. or as directed by the Employer.

5.7.17 DISMANTLING AND DEMOLITION

5.7.17.1 Scope

This work shall consist of removing, as hereinafter set forth, existing structure, roofs, flooring and
walls and columns, reinforced concrete and brick work, partitions, steel and iron work, pipes etc.,
which are in place but interfere with the new construction or are not suitable to remain in place, and
of salvaging and disposing of the resulting materials and back filling the trenches and pits resulting
from excavation.

Dismantling and removal operations shall be carried out with such equipment and in such a manner
as to leave undisturbed, adjacent pavement, structures and any other work to be left in place.

All operations necessary for the removal of any existing structure which might endanger new
construction shall be completed prior to the start of new work.

5.7.17.2 APPLICABLE CODES:

IS: 1200-1974 | Method of Measurements of Building and Civil Engineering Works
(Part: XVIII) Demolition and Dismantling (Reaffirmed 1992) (3rd Revision)

IS: 4130-1991 | Demolition of Buildings - Code of Safety (2nd Revision)

5.7.17.3 Terminology

The term ‘Dismantling’ implies carefully separating the parts without damage and removing. This
may consist of dismantling one or more parts of the structure as specified or shown on the
Drawings.

The term ‘Demolition’ implies breaking up. This shall consist of demolishing whole or part of work
including all relevant items as specified or shown on the Drawings.

Any serviceable material, obtained during dismantling or demolition, shall be separated out and
stacked properly as directed by the Employer within a lead of 50 m. All unserviceable materials
rubbish etc. shall be disposed of as directed by the Employer.
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The Contractor shall maintain / disconnect existing services, whether temporary or permanent,
where required by the Employer.

5.7.17.4 Pipes and Specials

Water pipe lines with clamps and specials etc. shall be described by their diameter and length
measured in running m inclusive of joints.

If the joints, special and fittings etc. are required to be separated, it shall be so stated and
enumerated.

Transporting of useful material such as pipes, valves, steel items to the GMC stores.

5.7.17.5 Measurements

All work shall be measured net in the decimal system, as fixed in its place, subject to the following
limits, unless otherwise stated hereinafter.

Dimensions shall be measured correct to a millimeter.
Areas shall be worked out in sq.mt correct to two places of decimal.

Parts of work required to be dismantled and those required to be demolished shall be measured
separately.

Disposal of pipes, valves, steel items and other useful items (serviceable) to GMC Store as directed
by Employer.

Measurements of all works except hidden work shall be taken before demolition or dismantling and
no allowance for increase in bulk shall be allowed.

The unit rates for the various items of dismantling shall be paid in full for carrying out the required
operations including full compensation for all labour, materials, tools, equipment, safeguards and
incidentals necessary to complete the work. These will also include excavation and backfilling
where necessary to the required compaction and for handling, salvaging, piling and disposing of the
dismantled materials as directed by the Employer.

5.7.18 CARRIAGE OF MATERIALS

5.7.18.1 Scope

This Specification covers the general requirements for carriage of materials.

5.7.18.2 General

The carriage and stacking of materials shall be done as directed by the Employer. Any tools and
plants required for the work shall be arranged by the Contractor. The carriage of materials including
loading / unloading will be paid as per the relevant item of BOQ. The pipes and specials shall be
carried from manufacturer works / agency / supplier to the site of work.

5.7.18.3 Responsibility for Loss or Damage

Loading, carriage, unloading and stacking shall be done carefully to avoid loss or damage to the
materials. For any loss or any damage to the materials, it will be sole responsibility of the
contractor.

5.7.18.4 Mode of Carriage

Depending upon the feasibility and economy, the contractor shall determine the mode of carriage
viz. whether by mechanical or manual labor. The contractor is required to visit the sites for better
assessment and quote rates accordingly.

5.7.18.5 Stacking, Covering and Protection

Material shall be stacked in such a manner as to ensure the preservation of their quality and
fineness for the work. Different types of materials shall be stacked separately and in such a way
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that counting and measurements can be done without disturbing the stacks. Any material that is
liable to be affected by rain or other adverse weather conditions shall be covered and protected
properly against the same.

Earth, dismantled materials, debris and other similar materials shall be stacked as directed by the
Employer.

Cement bags, steel bars, structural steel sections, bricks and timber and other similar materials
shall be stacked in proper manner.

Pipes of, D.l., / D.l. fittings, MDPE pipes, valves, water meters etc. shall be stacked as per
manufacturers/suppliers instructions or as directed by the Employer.

Stone metal, sand and such similar materials shall be stacked as directed by the Employer.
Rate

The contract unit prices shall be incidental to the work which are inclusive of all the operations
described above for carriage, stacking and protection of the material in other BOQ items.

5.7.19 EARTHWORK

5.7.19.1 Scope

This Specification covers the general requirements of earthwork in excavation necessary for the
construction of the Works including structures, roadway, side drains, and water supply lines in
accordance with requirements of these Specifications and the lines, grades and cross-section as
shown in the Drawings or as indicated by the Employer. This Specification also includes site
grading, filling in areas as required, filling back around foundations, plinths and approach ramps,
conveyance and disposal of surplus spoils or stacking them properly as directed by the Employer
and all operations covered within the intent and purpose of this Specification. It shall also include
the hauling and stacking of or hauling to sites of embankment and sub grade construction, suitable
cut materials as required, as also the disposal of unsuitable cut materials in specified manner,
trimming and finishing of the road to specified dimensions or as directed by the Employer.

Excavation for structures shall consist of the removal of material for the construction of foundation
for buildings, tanks, reservoirs, retaining walls, headwalls, cutoff walls, pipe culverts and other
similar structures, in accordance with the requirements of these Specifications and the lines as
indicated by the Employer. The work shall include all necessary sheeting, shoring, bracing, draining
and pumping; the removal of all logs, stumps, grubs and other deleterious matter and obstructions,
necessary for placing the foundations; trimming bottoms of excavations; backfilling and clearing up
the site and the disposal of all surplus material.

5.7.19.2 Applicable Codes

The following Indian Standard Codes, unless otherwise specified herein, shall be applicable. In all
cases, the latest revision of the codes shall be referred to.

1. 1S:1200 Method of Measurement of Building Works (Part I).

2. 1S:3764 Safety code for excavation work.

3. 1S:3385 Code of practice for measurement of Civil Engineering Works.

4. 1S: 2720 Method of test of soils (All parts)

5 1S: 1498 Classification and identification of soils for General Engineering purposes

5.7.19.3 Classification of Excavated Material

0  Authority for classification
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The classification of excavation shall be similar for all kind of soils or as decided by the Employer
and his decision shall be final and binding on the Contractor. For cutting of rocks, even controlled
blasting is prohibited and only pneumatic breakers shall be used.

5.7.19.4 General

Contractor shall furnish all tools, plants, instruments, qualified supervisory personnel, labour,
materials, any temporary work, consumable, any and everything necessary, whether or not such
items are specifically stated herein for completion of the job in accordance with Specification
requirements.

Contractor shall carry out the survey of the site before excavation and properly mark all lines and
establish levels for various works such as earthwork in excavation for grading, basement,
foundations, plinth filling, roads, drains, cable, trenches, pipelines etc. Such survey shall be carried
out by taking accurate cross sections of the area perpendicular to established reference / grid lines
at intervals as determined by Employer based on ground profile. These shall be checked by
Employer and thereafter properly recorded.

The excavation shall be done to correct lines and levels. This shall also include, where required,
proper shoring to maintain excavations and also the furnishing, erecting and maintaining of
substantial barricades around excavated areas and warning lamps and reflective sign boards at
night for safety.

The contract price quoted shall also include the dumping of excavated materials in regular heaps,
bunds, riprap with regular slopes as directed by Employer, within the lead specified and leveling the
same as to provide natural drainage. Rock / soil excavated shall be stacked properly as directed by
Employer. As a rule, all softer material shall be laid along the center of heaps, the harder and more
weather resisting materials forming the casing on the sides and the top. Rock shall be stacked
separately.

5.7.19.5 Clearing

The area to be excavated / filled shall be cleared as described in sub-section.

5.7.19.6 Timber Shoring

e Close timbering shall be done by completely covering the sides of the trenches and pits
generally with short, upright members called 'Polling Boards'. These shall be of minimum
25 cm X 4 cm sections or as directed by Employer. The boards shall generally be placed in
position, vertically, side by side without any gap, on each side of the excavation and shall
be secured by horizontal walling of strong wood at maximum 1.2 meters spacing, strutted
with “Ballies” or as directed by Employer. The length of the “Ballie” struts shall depend on
the width of the trench or pit. If the soil is very soft and loose, the boards shall be placed
horizontally against each side of the excavation and supported by vertical walling, which in
turn shall be taken into the ground and no portion of the vertical side of the trench or pit
shall remain exposed, so as to render the earth liable to slip out.

e Timber shoring shall be 'close’ or 'open' type, depending on the nature of soil and the depth
of pit or trench. The type of timbering shall be as approved by Employer. It shall be the
responsibility of Contractor to take all necessary steps to prevent the sides of excavation,
trenches, pits, etc., from collapsing.

e Timber shoring may be required to keep the sides of excavations vertical to ensure safety
of adjoining structures or to limit the slope of excavations, or due to space restrictions or for
other reasons. Such shoring shall be carried out, except in an emergency, only on
instructions from Employer.

e The withdrawal of the timber shall be done very carefully, to prevent collapse,
systematically from one end to the other end. Concrete or masonry shall not be damaged
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during the removal of the timber. No claim shall be entertained for any timber which cannot
be withdrawn and is lost or buried.

In case of open timbering, the entire surface of the side of trench or pit is not required to be
covered. The vertical boards of minimum 25 cm X 4 cm sections shall be spaced
sufficiently apart to leave unsupported strips of maximum 50 cm average width. The
detailed arrangement, sizes of the timber and the spacing shall be subject to the approval
of Employer. In all other respects, Specification for close timbering shall apply to open
timbering.

In case of large pits and open excavations, where shoring is required for securing safety of
adjoining structures or for any other reasons and where the planking across sides of
excavations / pits cannot be strutted against, suitable inclined struts supported on the
excavated bed shall be provided. Load from such struts shall be suitably distributed on the
bed to ensure no yielding of the strut. If, however, Employer directs any timbering to be left-
in, keeping in mind the type of construction or any other factor, Contractor shall be paid for,
at the scheduled item rate, for such left-in timbering.

5.7.19.7 Measurement

The Contract unit prices for excavation in BOQ shall be inclusive in full for carrying out the
required operation of shoring of excavated trenches including full compensation for all
labor, materials, tools, equipment and incidentals necessary to complete the work.

5.7.19.8 Slips and Slides

If slips, slides, over-breaks or subsidence occur in cuttings during the process of
construction, they shall be removed at the cost of the Contractor as ordered by the
Employer. Should slips occur, the slipped material shall be removed and the slope dressed
to a modified stable slope.. Removal of the slipped earth will not be paid. Adequate
precautions shall be taken to ensure that during construction, the slopes are not rendered
unstable or give rise to recurrent slides after construction. If finished slopes slide into the
excavated area subsequently, such slides shall be removed.

Contractor will ensure that the excavated earth/material is not stacked on the sides of the
trench which may otherwise cause accident. If any mishap takes place due this reason, it
will be sole responsibility of the contractor.

5.7.19.9 Methods, Tools and Equipment

Only such methods, tools and equipment as approved by the Employer shall be adopted / used in
the work. If so desired by the Employer, the Contractor shall demonstrate the efficacy of the type of
equipment to be used before the commencement of work.

5.7.20 CONSTRUCTION OPERATION FOR WATER SUPPLY LINES

5.7.20.1 Setting out

After the site has been cleared, the limits of excavation shall be set out true to lines, curves,
slopes, grades and as directed by the Employer. The Contractor shall provide all labor,
survey instruments and materials such as strings, pegs, nails, bamboos, stones, lime,
mortar, concrete, etc., required in connection with the setting out of works and the
establishment of bench marks. The Contractor shall be responsible for the maintenance of
bench marks and other marks and stakes as long as in the opinion of the Employer, they
are required for the work.

5.7.20.2 Excavation

O

All excavations except on hill locks shall be carried out by mechanical equipment unless, in
the opinion of Employer, the work involved and time schedule permit manual work. The work
shall be so done that the suitable material available from excavation are satisfactorily
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utilized.

[0 While planning or executing excavations, the Contractor shall take all adequate precautions
against soil erosion, water pollution etc.

0 The excavations shall be taken out to such widths, lengths, depths, p as directed by the
Employer. The Contractor shall not excavate outside the limits of excavation. Subject to the
permitted tolerances, any excess depth / width excavated beyond the specified level /
dimensions on the Drawings shall be made good at the cost of the Contractor with suitable
material of characteristics.

[0 All debris and loose material on the slopes of cuttings shall be removed. No backfilling shall
be allowed to obtain required slopes except that when boulders or soft materials are
encountered in cut slopes, these shall be excavated to approved depth on instructions of the
Employer and the resulting cavities filled with suitable material and thoroughly compacted in
an approved manner.

After excavation, the sides of excavated area shall be trimmed and the area contoured to
minimize erosion and pounding, allowing for natural drainage to take place. If trees were
removed, new trees shall be planted, as directed by the Employer.

O In works, if any existing structure gets disturbed or loosened, it shall be dismantled and cut
to regular shape and re-laid as directed by the Employer, at the cost of the Contractor.

5.7.20.3 Disposal of excavated materials

O Unsuitable and surplus material not intended for use within the lead specified above shall
also, if necessary, be transported and disposed of up to 8 Km. lead to the dumping site to be
identified by the Employer.

5.7.20.4 Filling, Backfilling and site Grading

General:

i. All fill material will be subject to Employer’s approval. If any material is rejected by
Employer, Contractor shall remove the same forthwith from the site at no extra cost to
the Owner. Surplus fill material shall be disposed off as directed by Employer after
the fill work is completed.

No earth fill shall commence until surface water discharges and streams have been
properly intercepted or otherwise dealt with as directed by Employer.

ii. Dewatering of the excavated trench will have to be done as and when required. The
contractor will include this in his rates for proper and timely completion of the work.

5.7.20.5 Material:

i. To the extent available, selected surplus spoils from excavated materials shall be
used as backfill. Fill material shall be free from clods, salts, sulphates, organic or
other foreign material. All clods of earth shall be broken or removed. Where
excavated material is mostly rock, the boulders shall be broken into pieces not
larger than 150 mm size, mixed with properly graded fine material consisting of
moorum or earth to fill up the voids and the mixture used for filling.

. If any selected fill material is required to be borrowed, Contractor shall make
arrangements for bringing such material from outside borrow pits. The material and
source shall be subject to prior approval of Employer. The approved borrow pit area
shall be cleared of all bushes, roots of trees, plants, rubbish etc. top soil containing
salts / sulphate and other foreign material shall be removed. The materials so
removed shall be burnt or disposed off as directed by Employer. Contractor shall
make necessary access roads to borrow areas and maintain the same, if such
access road does not exist, at his cost.
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5.7.20.6 Sand filling in plinth and other places:

At places backfilling shall be carried out with local sand if directed by Employer. The sand used
shall be clean, medium grained and free from impurities. The filled-in-sand shall be kept flooded
with water for 2 hours to ensure maximum consolidation. Any temporary work required to contain
sand under flooded condition shall be to Contractor's account. The surface of the consolidated sand
shall be dressed to required level or slope. Construction of floors or other structures on sand fill
shall not be started until Employer has inspected and approved the fill.

5.7.20.7 Filling in trenches:

i. Filling in trenches for pipes shall be commenced as soon as the joints of pipe have been
tested and passed. The backfilling material shall be properly consolidated by watering and
ramming, taking due care that no damage is caused to the pipes.

ii. Where the trenches are excavated in soil, the filling from the bottom of the trench to the
level of the centerline of the pipe shall be done by hand compaction with selected approved
earth in layers not exceeding 8 cm; backfilling above the level of the centerline of the pipe
shall be done with selected earth by hand compaction or other approved means in layers
not exceeding 15 cm.

iii. In case of excavation of trenches in rock, the filling up to a level 30 cm. above the top of the
pipe shall be done with fine materials, such as earth, moorum etc. The filling up of the level
of the centerline of the pipe shall be done by hand compaction in layers not exceeding 8
cm, whereas the filling above the centerline of the pipe shall be done by hand compaction
or approved means in layers not exceeding 15 cm. The filling from a level 30 cm. above the
top of the pipe to the top of the trench shall be done by hand or other approved mechanical
methods with broken rock filling of size not exceeding 15 cm. mixed with fine material as
available to fill up the voids.

iv. Filling of the trenches shall be carried out simultaneously on both sides of the pipe to avoid
unequal pressure on the pipe.

5.7.20.8 General site grading:

i. Site grading shall be carried out as directed by Employer. Excavation shall be carried out
as specified in the Specification. Filling and compaction shall be carried out as specified.

ii. Contractor shall protect the earth fill from being washed away by rain or damaged in any
other way. Should any slip occur, Contractor shall remove the affected material and make
good the slip at his cost.

iii. The fill shall be carried out to such dimensions and levels as indicated on the Drawings
after the stipulated compaction. The fill will be considered as incomplete if the desired
compaction has not been obtained

iv. All prices of excavation for all kinds of soil either manually or mechanically, shall be
inclusive in the unit prices of BOQ

V. The cost of all other operations shall be deemed to have been covered in the unit prices of
BOQ

5.7.20.9 Preservation of Property

The Contractor shall undertake all reasonable precautions for the protection and preservation of
any or all existing roadside trees, drains, sewers or other sub-surface drains, pipes, conduits and
any other structures under or above ground, which may be affected by construction operations and
which, in the opinion of the Employer, shall be continued in use without any changes. Safety
measures taken by the Contractor in this respect, shall be got approved from the Employer.
However, if any of these objects is damaged by reason of the Contractor's negligence, it shall be
replaced or restored to the original condition at his expense. If the Contractor fails to do so, within
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the required time as directed by the Employer or if, in the opinion of the Employer, the actions
initiated by the Contractor to replace / restore the damaged objects are not satisfactory, the
Employer shall arrange the replacement / restoration directly through any other agency at the risk
and cost of the Contractor after issuing a prior notice to the effect.

5.7.20.10 Finishing Operations

i. Finishing operations shall include the work of properly shaping and dressing all excavated
surfaces.

ii. Where directed, the topsoil removed earlier and conserved shall be spread over cut slopes,
where feasible, berms and other disturbed areas. Slopes may be roughened and
moistened slightly, prior to the application of topsoil, in order to provide satisfactory bond.

5.7.20.11 Works to be Kept Free of Water

The Contractor shall arrange for the rapid dispersal of water collected / accumulated on the
earthwork or completed formation during construction or on the existing roadway or which enters
the earthwork or any other item of work from any source, and where practicable, the water shall be
discharged into the permanent outfall of the drainage system. The arrangement shall be made in
respect of all earth work including excavation for pipe trenches, foundations or cuttings.

The Contractor shall provide, where necessary, temporary water courses, ditches, drains, pumping
or other means for maintaining the earthwork free from water. Such provisions shall include
carrying out the work of forming the cut sections and embankments in such manner that their
surfaces have at all times a sufficient minimum cross-fall and, where practicable, a sufficient
longitudinal gradient to enable them to shed water and prevent ponding.

The works involved in keeping the earthwork or any other item of works free of water shall be
deemed as incidental to the respective item of work and as such no separate payment shall be
made for the same.

5.7.20.12 Measurement and payment:

All works of excavation in foundation for all kind soils/material shall be measured cubic meters for
pipe works, building works and road restoration and for leads as specified or directed by the
Employer shall be inclusive in the contract price.

Cost of finishing works and all other operations shall be deemed to have been covered in the price
guoted for excavation.

Backfilling, plinth filling, etc. with borrowed earth shall be inclusive in the contract price. The price
qguoted shall include all operations such as clearing, excavation, lead and transport, fill, compaction,
etc. as specified

Payment shall be made as per relevant items in BOQ
Rates

The Contract unit prices for the items of excavation shall be inclusive in contract in full for carrying
out the operations required for the individual items including full compensation for:

1. Setting out;
2. Shoring wherever required

3. Transporting the excavated materials and depositing the same on sites of embankments
spoil banks or stacking as directed within all lifts and lead. Trimming bottoms and slopes of
excavation and finishing etc;

4. Keeping the work free of water;

5. All labor, materials, tools, equipment, safety measures, testing and incidentals necessary to
complete the work to Specifications.
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5.7.20.13Measurement and Payment for Survey Work

No extra payment will be made for survey work. Cost of survey work is deemed to have been
included in the rates for other items of BOQ.

5.7.21. HOUSE SERVICE CONNECTION

5.7.21.1 PROCEDURE

1) The house service connection shall be provided to the consumer only after the consumer
gets the approval from the competent authorities for availing such connections.

2) Normally the size of the house connection shall be 20mm/25mm unless otherwise
determined and directed/sanctioned by BMC

3) The connection shall be done such that the water supply shall not be disturbed on any
account.

4) Before service connection, consumer survey has to be done by the contractor to access the
required details about the consumer and their requirements

5) The valves shall be closed on either side of the connection point before making connection.

6) Connection shall be done only in the presence of the Employer in charge or BMC personnel.

7) Only one connection shall be given to the one consumer/ per house number/premises.

8) If the consumer is having more than one house in the same premises, then separate
approval is needed from BMC for the excess connections

9) If commercial and residential building are in the same premises, then care shall be taken
before giving service connection such that the residential connection cannot/shall not be
used for commercial purpose.

10) If it is noticed that the residential connection is used for commercial purpose, then it shall be
brought to the notice of the BMC and the Employer for disconnection.

11) Connection shall be done in the distribution system only and connection shall be given from
the transmission main from reservoir to DMA and rising main from tube well to service
reservoir.

12) Appropriate saddles shall be used, depending on the size and pipe materials of distribution
system available in the area.

13) The service connection shall be taken from the top of the pipe only.

14) Suitable size of brass ferrules depending on the size of connection shall be installed in the
service connection as per IS 2692

15) The brass ferrule shall be adjusted depending upon the size of connection and it shall be
ensured that allowable amount of water is flowing to the consumer end.

16) Ferrule adjustment to regulate the supply shall be done in the presence of the Employer.

17) On completion, the ferrule shall be sealed such that further adjustment can’t be done by the
consumer.

18) MDPE blue PE -80 and 16 kg class pipe with necessary MDPE specials shall be used for
service connection as specified in 1ISO 4227

19) PVC ball valve of suitable size shall be fixed in the service connection pipe.

20) Domestic water meter, horizontal inferential multi-jet type with magnetic drive and dry dial
suitable for ambient 500C temperature duly sealed against tampering complete with
couplings at both ends and conforming to class B as per ISO 4064 EEC mark, IP68 (copper
can register) degree of protection along with manufactures test certificate and guarantee
certificate, including cost of all materials and labor. The meter shall be AMR compatible and
with a warranty of 5 years.

21) The initial meter reading shall be recorded in the presence of the consumer and shall be
recorded in the consumer survey report also.

22) Wherever the Service connection pipe are crossing the drainage line suitable covering pipe
shall be provided.

23) If the service connection pipe has to cross the road, then the pipe shall be laid 1 m below
the ground level only.
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24) After satisfactory completion of service connection, the earth work shall be refilled without
damaging the main pipe and service connection pipe.

25) The road shall be rejuvenated after the service connection

26) The details of connection, consumer survey details etc shall be informed to BMC and
Employer in charge for claiming the regular bill.

27) Any damage occurred to main pipe or any other service utilities such as cable for telephone,
electric cables culverts etc shall be rectified in good condition for which no additional
payment shall be made.

28) Any leaks founds after service connection in the service pipe or in the main pipe, the
leakage shall be rectified at free of cost by the contractor.

29) Suitable meter box shall be provided for placing the water meters.

30) The service connection up to the Water meter point shall be responsibility of the contractor.
Pipe connection in the beyond this point shall be done the consumer.

31) On completion of service connection, completion plan of the house service connection shall
be prepared and submitted for record purpose to the Employer in charge.

32) The existing service connections also shall be shifted to the new distribution system after
getting prior approval from the Employer and BMC.

33) The unauthorized service connections shall be informed to the BMC and the Employer in
charge and shall be removed from the old main.

34) Removal of unauthorized connections shall be done in the presence on the BMC personnel
to avoid legal litigations.

35) Upon the approval of BMC, the unauthorized service connection shall also be shifted to the
new distribution system.

36) Necessary earth work, bailing out of water, refilling of the excavated soil, bringing the road
to good condition, laying and jointing of MDPE pipes, ferrule, gate valve, Water meter,
saddle suitable for the size and material of the distribution system, testing of water meter,
covering pipe for the culvert/drainage crossing, defects if any arising out of the new service
connection shall be included in the BOQ cost. No further cost shall be paid for any item that
was not mentioned for the service connection.

37) Road restoration shall be done after the house service connection and no additional
payment shall be made for the road restoration charges and deemed to be included in the
quoted price of the contractor.

5.7.22 ITEMS COVERED IN THE INTERNAL LIGHTING FOR PUMP ROOMS

‘ Sl. No. ‘ Work Description Unit Qty.
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Sl. No. Work Description Unit Qty.
1 Wiring of light point/ fan point/ exhaust fan point/ call bell
point with 1.5 sq. mm FR PVC insulated unsheathed
flexible copper conductor 1.1 kV grade and 1.5 sg.mm
FR PVC insulated unsheathed flexible copper earth
conductor 1.1 kV grade (IS:694) of approved make in
surface / recessed ISI marked medium duty PVC
conduit & it's accessories, round tiles, 18 SWG M.S. box
with earth terminal, screwless cage connectors for
neutral looping in switch board & false ceiling point. 6 A
switch, 3.0 mm thick phenolic laminated sheet, zinc
plated / brass screws, cup  washers, making
connections, testing etc. as required.
Light Point/Fan Points - No 4
Medium point -exceeding 3 m. but not exceeding 6 m. in
length.
2 Wiring of 3 pin 5 amp. light plug point with 1.5 sq. mm No 3
FR PVC insulated unsheathed flexible copper conductor
1.1 kv grade and 15 sgmm FR PVC insulated
unsheathed flexible copper earth conductor 1.1 KkV
grade(1S:694) of approved make in surface / recessed
ISI marked medium duty PVC conduit & it's accessories,
18 SWG M.S. box with earth terminal, screwless cage
connectors for neutral looping in switch board & false
ceiling point, 6 A switch, 6 A socket, 3.0 mm thick
phenolic laminated sheet, zinc plated / brass screws,
cup washers, making connections, testing etc. as
required..
3 Pin 5 Amp socket outlet on Separate Board
Medium point -exceeding 3 m. but not exceeding 6 m. in No 1
length.
3 S&F following sizes (dia.) of ISI marked medium duty M 15
PVC conduit along with accessories in surface /
recessed using saddles, clamps, fastener as required
including cutting the wall and making good the same as
required.
4 Circuit Wiring - Wiring for circuit wiring with PVC insulated
cable FR with copper multi strand conductor ISI marked in
Surface rigid P.V.C. conduit (MMS) of ISI marked suitable size
including painting etc. as required as per specification
4x2.5 Sq.mm. M 15
5 METALLIC SWITCH BOXES -P & F 18 SWG Sheet steel boxes No 1
duly finished with two coats of red oxide and with earthing
terminal of following sizes (nominal size) on surface or in
recessed as required.
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Sl. No.

Work Description

Unit

Qty.

6

Wiring of 6 pin 15 amp. Light power point with 4.0 sq.
mm PVC insulated unsheathed solid / stranded copper
conductor 1.1 kV grade of approved make in surface /
recessed ISI marked steel conduit & it's accessories, 18
SWG M.S. box with earth terminal, screw less cage
connectors for neutral looping in switch board , 15 A
switch, 15 A socket, 3.0 mm thick phenolic laminated
sheet, zinc plated / brass screws, cup washers, bushes,
check nut- On Separate Board - Medium Point

No

1

SUB MAINS IN SURFACE RIGID STEEL CONDUIT IN COPPER
CONDUCTOR - Wiring for sub-mains with PVC insulated cable
FR with copper multi strand conductor ISI marked in surface
rigid steel ISI marked conduit of suitable size(conduit included)
including connection painting etc, as required as per
specification

P&F TP&N 415 V metal clad HBC cum rewire able
switch fuse unit with porcelain kit-kat & neutral link and
conforming to 1S:13947 P-1&IIl and making connections
with lugs testing etc. as required.

No.

Supplying and fixing as per specification Caution / Danger
Board as of approved make & design with necessary material
complete. Large Size

No

10

P & F ISI marked (IS :3854) 6 amp. flush type switch
including cutting hole in tile and making connection
testing etc. as required.

No

11

P & F ISI marked (IS :1293) 3 pin 6 amp. flush type
socket including cutting hole in tile and making
connection testing etc. as required.

No

12

P & F of IP20 LED batten type light fixture made from
CRCA sheet stlle housing suitable for mounting LED
tube system (integral driver), Power consumption of
18W/36W, 1500/3000 Ilumens, system Ilumen efficiency
80 Im/ watt output, life time of 50000 burning hours with
70% initial lumen maintained. CCT 3000° K, 4000° K
and 6000° K. 2x18W

No

13

BULK HEAD -P & F of IP65 IK10 rated LED bulk head type ligh
fixturemade from CRCA sheet steel housing suitable for
mounting LED tube system (integral driver), Powen
consumption of 10-15W , 500-600 lumens system lumen
efficiecy 70 Im/ watt output suitable forlx100 W GLS/
9W CFL bulk head fixtures, life time of 50000 burning
hours with 70% initial lumen maintained. CCT 3000° K,
4000° K and 6000° K. Fixture shall be in compliance
with CE & KEMA standards.

No
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Sl. No. Work Description Unit Qty.

14.1 | Supply and erection of Decorative Cast Iron pole as per No 1
approved design of following length with base plate on
the cement concrete foundation of M-15 grade (1:1.5:3)
with the help of anchor bolts of grade 6.8 (IS 1367 P lll).
The pole shall be made of Cast Iron as per IS 210:1993,
precision machining and filling job to achieve good finish
and a fine coat of primer on each element before
assembling. After assembling of each element one coat
of primer and two coats of P.U. paint are applied.
Approved coloured UV resist coating of mat/ glossy/
metallic finish followed after air drying of pole. The pole
shall have a weatherproof flush door and locking
arrangements, two/ one arm bracket of length of
430/380mm complete in all respect. 3M

14.2 | S& F of all in one solar LED street light fixture with No 1
Integrated high efficient Monocrystalline panel with
Lithium  (LiFePO4) Ferro  Phosphate  battery  with
BIS approved make .luminaire should be secondary
optic lenses for better distribution with delivered efficacy
of > 100 Lumen perwatt.Bidder shall have in house
R&D Laboratory which is recognised by ministry of Science &
Technology department, Govt. Of India/ NABL. Bidder shall
have inhousepole &luminairem anufacturing facility.Luminaire
can be supplied with Hybrid switch along with indicator to
understand the source of power( either from solar or AC
supply).shall have certificate tested from MNRE approved

Lab.Guarantee for total system is
two years .Note: All the above should be integrated
and should be 1 system.

Compact Solar LED Street Light - 20W(MONO) 18V/
12.8V9Ah/12W

6. MECHANICAL WORKS

INTRODUCTION

All the equipment, to be supplied under this contract, i.e. Pumps, Electric Motors, Valves,
Chlorinating Equipment of different Units etc. have to be of reputed makes. The equipment of only
those manufacturers, who have sufficient proven experience of manufacturing the respective
equipment of similar capacity, shall be considered.

6.1 VALVES
6.1.1GENERAL
Valves shall be suitable for use with the fluid being conveyed at the temperatures and pressures

required for the application. Generally, pressure designation shall not be less than
PN1.0.valvesshallhaveintegralflangesdrilledasspecifiedinrelevantlatestiSspecificationsorBS:4504.
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Throughout erection, the valves shall be supported properly on wooden sleepers, etc. and shall be
concreted immediately thereafter, as directed. Before the valves are actually fixed, they shall be
cleaned and greased and it should be seen that all parts are in perfect working condition. In the
case of air valves, the Contractor shall take special care of the dexine joints and the ebonite and /or
vulcanite balls until they are fixed in position. They shall be kept immersed in water in suitable
containers.

6.1.2 GASKETS AND PACKING

Gaskets shall be of Nitrile rubber and readymade matching with respective flanges. Gaskets cut out
from rubber sheets are not acceptable.

6.1.3 NUT, BOLTS, WASHERS

The Contractor shall provide the jointing material such as nuts, bolts, washers, pig lead, rubber
packing, etc.

All bolts, nuts and studs shall be SS 304/316 and shall be designed so that the maximum stress
does not exceed half the yield stress of the material under any conditions. All studs and screws
shall be made of SS304/316.

Washers, locking devices and anti-vibration arrangements shall be provided where necessary.

The Contractor shall supply all holding down, alignment leveling bolts complete with anchorages,
nuts washers and packing required to fix the plant to its foundations, bed plates, frames and other
structural parts.

The Contractor shall procure and keep at site, reasonable excess quantities to cover wastage of
those materials, which will be normally subject to waste during erection, commissioning and setting
to work.

6.1.4 ELECTRIC WIRING

Necessary insulated wiring to connect all parts of the equipment shall be furnished and
installed. Insulated wiring shall be flame retardant and moisture resistant and shall be run
in G.S. conduits. All cables shall be flame — retardant with copper conductors.

Trailing cables shall be PVC sheathed copper conductor multi-core ribbon type designed for
lift service and shall be flame retardant and moisture resistant. They shall be flexible and
shall be suitably suspended to relieve strains on individual conductors. All copper
conductors shall be of appropriate gauge copper to avoid excessive voltage drop. All
wires, cables, conduits, metal boxes, fittings and earthing shall comply with statutory
requirements and BIS specifications.

The controller unit comprising of the MCCB, 25KA, adjustable overload and phase reversal
and phase failure protection, all the circuit elements, transformer, rectifier for D.C. control
supply, inverter power pack, terminal blocks etc. shall be enclosed in an insect vermin
proof, sheet steel floor or wall mounted cabinet with hinged doors at front or at both front
and rear. Proper warning boards and danger plates shall be provided on both sides of the
controller casing. Sheet steel used for controller cabinet shall not be less than 14 gauge
and shall be properly braced, where necessary. Suitable gland plate shall be provided for
cable entry. The battery for the charger unit shall be suitably placed in the machine room.
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6.1.5

Degree of protection of Enclosure shall be IP54. Enclosure shall have provision of earthing
studs.

All sheet steel work shall be painted with two coats of synthetic enamel paint of suitable
shade both inside and outside over two coats of zinc primer.

Apart from lift controller enclosure, 7 distribution boards (3 Main DB + 4 DB) are required as
per BOQ. Cables to incomer of these DB’s shall be terminated by others, whereas outgoing
cables for lift shall be in the scope of lift contractor. Contractor shall furnish the sizes of
cables along with KW rating of motors.

PAINTING

All exposed metal work furnished in these specifications, except as otherwise specified, shall be

6.1.6

given one shop coat of anti-corrosive primer after approved surface treatment of metal
surfaces and two coats of approved enamel paint of approved shade. After installation of
Lifts, a final Touch-up Coat of paint shall be applied.

WORKS TESTS
The following tests shall be carried out at Works. EPI shall be given notice of the time and

procedure of the tests before they are carried out, and shall be given facilities for observing
the tests at Works.

a. High voltage works tests of equipment which is not already tested in accordance
with appropriate 1S codes.
b. Buffer test.
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7. ELECTRICAL WORKS

7.1INTRODUCTION
This sub-section details the requirements of electrical works to be provided for the Tube Wells

It is not the intent to specify herein all the details pertaining to the design, selection of material/
equipment, procurement, manufacture, installation, testing and commissioning. However, the same
shall be of high standards of Engineering and shall comply with all currently applicable standards,
regulations and safety codes.

The execution should take care of IE rules, Electricity Board’s requirement and other local
Oauthorities and site condition.

These specifications cover 11 kV/ 0.433 kV substation, transformer, HT control penal, LV
switchboards, LV energy efficient motors, LV starters, LV capacitors, HV and LV power cables
including submersible and control cables, DC supply system and other allied equipment, etc. along
with the specifications for workmanship, laying cables, lighting system, earthing systems, lightning
protection etc. It shall be the responsibility of the Contractor to provide the electrical system based
on the mechanical equipment.

The Contractor shall submit his calculations/ drawings based on ‘Design criteria for electrical
equipment/ system’ for Employer’s review and approval.

The Bidder shall make his own estimate of sizes, ratings and quantities for substation equipment,
all plant items and miscellaneous systems such as earthing, lightning protection, lighting, auxiliary
power distribution, etc. It should be clearly understood that the Contract will include all related
works and no variation will be allowed for items of works not foreseen or omitted by the Bidder at
the bidding stage, except where specifically indicated in the bid documents. The values provided
elsewhere in the document are minimum.

All equipment offered shall comply with the requirements specified in the latest editions of
applicable Indian/ International Standards and shall also comply with good Engineering practices.

Contractor shall design the electrical system on the basis of ‘Design Criteria’ to be submitted for
Employer’s approval. Contractor shall incorporate any changes/ suggestions in the drawings to suit
site conditions and design criteria and standard Engineering practice and resubmit for approval to
Employer.

The Contractor shall possess the valid electrical Contractor’s license of appropriate class from the
concerned statutory bodies governing the area of work place. The Contractor shall fully comply with
the relevant statutory rules and regulations.

All types (as applicable) of routine and acceptance tests shall be conducted in the presence of
Employer on all the equipment as per latest applicable IS/IEC at no extra cost. Typical type test
reports for other equipment shall be submitted by the Contractor for approval by the Employer.

All commissioning tests shall be carried out in the presence of Employer and approval for the same
shall be obtained before commissioning and installation. All test reports shall be properly
maintained by the Contractor duly approved by the statutory bodies and shall be handed over to the
Employer after completion of the job. All instrument and accessories required for testing and
commissioning of the equipment specified herein shall be provided by the Contractor at no extra
cost to the Employer.
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Liaison with the Electricity Company and other Government organization/ statutory bodies for
obtaining Power supply/ other clearance shall be part of the Contractor’s scope. After completion of
installation work, the Contractor shall arrange for inspection and obtain approval from the
concerned statutory bodies. Any fees that are to be paid to such statutory bodies for testing,
inspection or calibration shall be paid by the Contractor. Any modification / revision in the
equipment / installation of equipment as required by the statutory bodies shall be carried out by the
Contractor. All such costs / fees for revisions / modifications shall be deemed to be included in the
prices of supply, installation, testing and commissioning of equipment as quoted by the Contractor.

7.2 OPERATING VOLTAGES AND FREQUENCIES:

7.2.1 HT SYSTEM:

(i) Voltage: 11 kV
(ii) Frequency: 50 Hz
(iii) Connection: 3 phase, 3 wire

7.22 LT SYSTEM:

(i) Voltage: 415 V nominal
(ii) Frequency: 50 HZ
(iii) Connection: 4 wire
(iv) Off load transformer voltage: 433V
(v) System Earthing: Solidly earthed
(vi) 415V system maximum fault level: 50 kA

The Tube Wells shall, unless otherwise specified, be capable of continuous operation at a voltage
level in the range of 90% to 110% of the relevant nominal voltage and a frequency variation of plus
5 % minus 5% with a maximum combined tolerance of 10%.

7.2.3 CONTROL VOLTAGE, INSTRUMENTATION POWER SUPPLY, AC CONTROL, LIGHTING
AND SPACE HEATING:

(i) Voltage: 110V 240V
(ii) Phases: 1 1
(iii) Frequency: 50 Hz 50 Hz

7.2.4 DC CONTROL VOLTAGE (FOR HT SWITCHGEAR AND LV ACBS IN LV PCC):

(i) Voltage: 24V DC
(ii) Wires/ Earthing: 2 wire / unearthed

7.3 MAJOR ITEMS
The major items of work for the electrical works, but not limited to, shall be as below:
7.3.1 ELECTRIC SUBSTATION AND CONTROL ROOM

Q) 11 kV Outdoor substation equipment

(i) 11 kV Indoor, metal clad switchgear

(iii) 11 kV power cables

(iv) 11 kV cable termination kits for above cables.

()] 2 Nos. of 1000 kVA capacity of 11/0.433KV ONAN, Dynl1 transformers complete with off
line circuit tap changers and fittings accessories as specified
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(vi) 415V Motor Control Centers (MCCs)

(vii)  Capacitor banks connected to each TW circuit to improve the system PF to 0.98 lag.
(viii) LT power and control cables as required for the entire installation.

(ix) Motor starters

x) Earthing system

(xi) Renovation of existing Lighting system: Both indoor and outdoor lighting covering lighting
transformer.

(xii)  Cable carrier system
(xiii)  Safety equipment as required statutorily and operationally.
7.3.2 ELECTRIC SYSTEM AT 20 TWS

(i) LT Submersible and control cables as required for the entire installation.

(ii) Control Penal with provision for operating Electro chlorinator, chlorine solution dosing pump,
electric switch gear, instrumentation, power capacitor etc.

(iii) Motor starter

(iv) Capacitor bank connected to motor circuit to improve the system PF to 0.98 lag.
(v) Earthing system

(vi) Renovation of existing Lighting system: Both indoor and outdoor lighting.

(vii) Cable carrier system

(viii) Safety equipment as required statutorily and operationally.
7.4 GENERAL POWER DISTRIBUTION SCHEME

7.4.1 ESTIMATION OF LOAD
The following assumptions have to be made to arrive at the estimated load of the different sites.

7.4.1.1 Load Factor

¢ Main motor : 0.95
e  Auxiliary motor : 0.9
¢ Auxiliary load, valve motors, etc. :0.9
¢ Lighting load : 1.0

7.4.1.2 Diversity Factor

e Main and auxiliary motor 1.0
e Auxiliary load, valve motors, etc.: 15
¢ Lighting load : 1.2
7.4.1.3 Efficiency of LV Motors : Energy efficient effl or eff2

(Note: Energy efficient, high performance motors (minimum eff2 category) shall be provided for
optimum utilization of energy.)

7.4.2 PROTECTIONS

The following protections are proposed for various switchboards, transformers, motors and other
plant feeders.

(i) 11 kv Switchboard
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IDMT over current and earth fault protection for incomers and bus coupler

PT fuses failure protection

IDMT and instantaneous over current and earth fault protection for outgoing transformer
feeders

Transformer auxiliary protection (e.g. WTI, OTI, Buchholz, etc.)

Transformer auxiliaries for alarm (e.g. MOG, PVR, etc.)

Restricted earth fault and stand-by earth fault protection for main transformer feeders
Stand-by earth fault protection for Auxiliary transformer feeders

(ii) LV switchboard

Over current, short circuit and earth fault protection on ACBs/ MCCBs

(iii) Motors

Overload protection by thermal (bimetal) relays in all the three phases to trip with single
phase preventer (SPP) and short circuit protection in all the three phases through motor
protection circuit breakers/ MCCBs Alternatively, microprocessor based motor protection
relay shall be used.

Thermal, locked rotor, short circuit, negative sequence, under voltage, over voltage and
earth fault for each motor feeder of rating 90kW and above.

7.4.3 METERING

The following metering shall be provided.

(i) 11 kV Switchboard

Multifunction meter (for incomer) containing -

(i)

Ammeter

Voltmeter

kKW meter

Frequency meter

Power factor meter

Kilowatt hour meter

kVAr meter

kVA meter
LV Incomers
Ammeters with selector switch
Voltmeter with selector switch
kW meter
Power factor meter
Kilowatt-hour meter
Frequency meter

LV Outgoing Feeders

Ammeter with ammeter selector switch

Multifunction meter shall be equipped with interfacing capability for RS-485 port.

7.4.4 INDICATING LAMPS

The following indication shall be provided:

(i) LV Incomers

Mains ON (red, yellow and blue)

(ii) LV Motor Feeders
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e Motor ON, OFF and Trip indication (Red, green and Amber)
e Motor ON, OFF and Trip indication (Red, green and Amber), control supply healthy and trip
circuit healthy for breaker feeder.

Neutral earthing resistor on the 11 kV side neutral of the main transformer shall be rated to limit the
earth fault current on 11 kV side and shall be sized for 10 second withstand.

All electrical equipment will be rated for 50° C design ambient temperature.

All power cables shall be sized based on continuous current capacity, permissible voltage drop and
short circuit current rating. The voltage drop shall be limited to 2.5 % at rated equipment current
rating.

The other rating factors for variation in ground temperature, variation in ambient air temperature,
grouping of cables, depth of laying, etc. shall also be considered for cable sizing.

Components of luminaries shall be ‘energy efficient low loss’ type. Fluorescent type of luminaries
shall be used for pump house area. HPSV or MH luminaries shall be used for Dandibag and other
outdoor areas. Industrial type fixtures/ receptacles shall be used.

The values of fault level for designing the electrical system shall be based on transformer capacity,
its impedance and system fault level. Fault clearing time for sizing of earth conductor will be taken
as one second.

The material of earthing conductor shall be copper. All connections between the earth conductors
buried in earth/concrete and between earth conductor and earth leads shall be of brazed type.
While sizing the buried earth conductor, a corrosion allowance of at least 20% shall be taken. Plant
earthing system shall be designed such that the overall earthing grid resistance is maximum one
ohm.

Main earthing conductors outside and inside the building shall be planned in such a manner that
various equipment is connected to earthing system by two connections in a reliable manner.

7.4.5 APPLICABLE STANDARDS
All equipment / systems supplied under this Contract shall conform to the latest editions of the
International Electro-technical Commission (IEC) Standards or equivalent Indian Standards or other

International Standards, provided they promise to confirm equal or superior performance.

If standards other than IEC are referred, then the Bidder shall enclose English version of the
standard with the bid.

In case of conflict between Standards and the specification, these specifications shall govern.
7.4.6 SITE CONDITIONS

The bidder shall note the following local conditions while preparing his bid:

Description Value

Altitude Less than 200 m above Mean Sea Level
Ambient Air Temperature 0°C Minimum Indoor Values
To be considered for design 55°C Maximum }
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7.4.7 POLLUTION LEVEL AND CREEPAGE DISTANCE

The installation is classified as Very Heavy Pollution Level (level IV of IEC 60815). However, creep
age distance shall be 31 mm/kV for outdoor equipment such as bushings and insulators and 25
mm/kV for indoor equipment, the voltage being highest system phase to phase voltage.

7.5 OUTDOOR SUBSTATION EQUIPMENT
7.5.1 GENERAL

The scope of supply for the outdoor substation consists of galvanized steel (GS) gantry/supporting
structure (including civil foundation) fabricated out of structural sections for supporting and fixing
various equipment such as disconnectors, lightning arresters, current transformer, voltage
transformer, insulators and hardware, Aluminum Conductors Steel Reinforced (ASCR) conductor,
etc.

The design, material, construction, manufacture, inspection, testing and performance of substation
equipment shall comply with all currently applicable standards, statutes, regulations and safety
codes in the locality where the equipment will be installed.

The details of the steel structure and support sections / members shall be subject to approval of
structural design calculations to be furnished by the Contractor. Galvanizing shall be as per the
details mentioned in this specification.

7.5.2 SUPPORTING STRUCTURES

Supporting structures for Circuit Breakers shall be included in the Contractor’s scope of supply.
The Contractor shall furnish detailed dimensioned drawings indicating weights and all fixing details
and relative locations of chassis, operating mechanism box and operating handles etc.

7.5.3 DRAWINGS AND DATA

All Drawings, data, technical particulars, calculations, detailed literature, catalogues, test
certificates etc shall be submitted by the contractor after award of contract.

7.6 HIGH VOLTAGE ISOLATORS
7.6.1 APPLICABLE STANDARDS

Isolators shall conform to the latest applicable standards listed below:

(1) Isolators ; IS: 9921 / IEC: 60129, 60694
(i) Insulators - High voltage : IS: 2544 / IEC: 60273

(iii) Hot dip galvanizing : IS: 2629 / 1S: 2633

(iv) Connectors : IS: 5561

7.6.2 DESIGN FEATURES

7.6.2.1Construction Features

(@ Isolator/earthing switch shall be complete with all parts and accessories.
(i) All similar parts shall be interchangeable.
(iii) Base channels and other structural steel members such as operating pipes, phase coupling

rods etc., operating mechanism boxes, bolts, pins etc. shall be hot dip galvanised. All
castings except current carrying parts shall be made of malleable iron or cast steel. Gray
iron shall not be used in the manufacture of any part. Manual operating handles shall be of
galvanised steel.
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(iv) Live metal parts shall be of non-rusting and non-corroding metal. Current carrying parts
shall be of non-ferrous material such as aluminium or copper. Bolts, screws and pins shall
be provided with lock washers, keys or equivalent locking facilities and, if on current
carrying parts, shall be made of non-rusting and non-corroding metal such as copper silicon
alloy.

(v) The isolator design shall be such that it is free from visible corona discharge in both closed
and open positions at the visible discharge test voltages as per applicable standards

(vi) The design of isolator and earth switch shall be such that no lubrication of any part is
required except at very infrequent intervals.

(vii) The isolator or earthing switch shall be provided with current carrying contacts on the hinge
and jaw ends and all contact surfaces shall be of silver faced copper.

7.6.2.2Accessories

0] Position Indicator

A mechanical position indicating device shall be provided for each isolator/earthing switch,
irrespective of whether the isolating distance is visible or not.

(i) Earthing Pads

Each pole of the isolator shall be provided with two earthing pads of non-corroding material at
opposite ends, brazed to the channel base. Flexible tinned copper earth connectors shall be
provided for connecting operating handles of isolators and earthing switches to the earthing system.

(iii) Counter Balance Springs

These shall be provided for counter balancing the isolators to prevent impact at the end of travel
both on opening and closing of the isolator/earthing switch. The springs shall be made of non-
rusting alloy.

(iv) Name Plate

A weather-proof and corrosion-proof name plate shall be provided on isolators, earthing switches
and operating devices. The name plates shall conform to applicable standards.

(v) Adequately rated, renewable type arcing tips shall be provided on the isolators, wherever
required, to make and break the magnetizing or line/bus charging currents.

7.6.2.3 Earthing Switch

Earthing switch shall form an integral part of each pole of the isolator. Two independent earthing
pads each with flexible tinned copper braids and suitable connectors for the specified size of earth
conductor lead shall be provided at the hinge end of the switch.

7.6.2.4 Interlocks

0] Isolators and earthing switches shall be provided with padlocking facility to lock them in
fully open or fully closed positions. Padlock with keys shall be supplied with the isolator.

(i) Isolator and earthing switch shall be mechanically interlocked such that it will not be
possible to close the earthing switch when the isolator is closed and vice versa.

(iii) Isolator shall be provided with electrical interlocking feature. This shall be in the form of bolt
interlock comprising an interlock coil of latch-in type to lock the isolator driving shaft and
thus prevent isolator operation in the latch-in condition. It shall be possible to release the
latch by energising the interlock coil when certain preset conditions of Employer’s external
interlocking scheme are fulfilled. For this purpose the Contractor shall provide wiring up to
the external interlocking contacts both in isolator opening and closing circuits. Further, a
separate bypass switch or a similar facility shall be provided on the local control cabinet to
facilitate emergency manual operation of isolator. Electrical interlocking arrangement shall
be fail-safe type.
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7.6.2.5 Insulators

Insulators used in the assembly of isolators shall be of porcelain and of brown colour. Insulator cap
and base shall be of high grade cast steel or malleable steel casting and they shall be machine
faced and galvanised.

7.6.3 OPERATING MECHANISM AND CONTROLS

0] The ganging mechanism shall be provided with sufficient adjustment to allow for final
alignment of the isolator blades for simultaneous operation. Adjustable stops shall be
provided to prevent over-travel in both directions.

(ii) The manual operating handles shall be mounted on the base of supporting structure. Guide
bearings shall be provided, if necessary, at a height of 1250 mm above grade level. All
members necessary for attaching the operating mechanism and operating handles to the
supporting structure and foundations shall be supplied as an integral part of the isolator.
Rust-proof pins and bearings of the bronze bushing, ball and roller type, shall be furnished.
All bearings shall be weather protected by means of covers and grease retainers.

(i) A weather-proof galvanised sheet steel cabinet with gasketed hinged door and padlocking
facility shall be provided to house driving mechanism, motor starters, auxiliary switches
etc., as applicable. The steel control cabinet (operating mechanism box) shall be dust,
weather proof and vermin proof providing degree of protection of IP:54 for outdoor use.
This shall comprise of rigid welded structural frames made of structural steel sections or of
pressed and formed cold rolled steel and frame enclosures, doors and partitions shall be of
cold rolled steel of thickness 2 mm. All doors, removable covers and plates shall be
gasketed all around with neoprene gaskets. All cabling from operating mechanism and
auxiliary contacts to operating mechanism box shall be in the scope of supply of the
Contractor and shall be carried out using 650/1100 V grade, 2.5 sq. mm. stranded copper
conductor, PVC insulated, armoured, multicore cables or single core cables laid in heavy
gauge galvanised steel conduits, unless otherwise specified.

(iv) The auxiliary contacts shall be of silver faced copper. The contacts shall be designed to
carry 10 A continuously. All contacts shall be suitable for breaking an inductive current of
0.2 Aat110V DC.

(v) The operating mechanism design shall be such that during the operation of the isolator,
when the moving blades reach the sparking distance, springs take over to give a quick,
shap action closing so that the isolator closing is independent of manual efforts. Similarly,
the springs must assist during the opening operation to give quick breaking feature.

(vi) Adequate no. of spare terminals shall be provided in the operating cabinet for the purpose
of external interlocks.

7.6.4 SUPPORTING STRUCTURES

Supporting structures for isolators shall be included in the Contractor’s scope of supply. The
Contractor shall furnish detailed dimensioned drawings indicating weights and all fixing details and
relative locations of chassis, operating mechanism box and operating handles etc.

7.6.5 DRAWINGS
All Drawings, data, technical particulars, calculations, detailed literature, catalogues, test certificates
etc shall be submitted by the contractor after award of contract.

Assembly

Direct delivery of insulators from insulator manufacturer’'s works is not preferred and is subject to
Employer’s approval. Isolators shall be completely assembled at the works to ascertain that all the
parts fit correctly.
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7.7 LIGHTNING ARRESTORS

7.7.1 APPLICABLE STANDARDS

Lightning arrestors shall conform to the latest applicable standards specified below:

)

(i)
(iii)
(iv)
V)

Lightning arrestors : IEC: 60099-4
Insulators : IS: 2544 / IEC: 60273
Large hollow porcelain : IS: 5621 / IEC: 60233
Connectors : IS: 5561

Hot dip galvanising : IS: 2629 /1S: 2633

7.7.2 DESIGN FEATURES

(i)

(ii)

7.7.2.1Constructional Features

Lightning arrestors shall be Gapless metal oxide hermetically sealed type and of self-
supporting construction suitable for mounting on steel structures. They shall be provided
with pressure relief devices and shall be capable of withstanding the internal pressures
developed during various discharges or should safely vent the internal pressures
associated with arrester failure without violent shattering.

All metal parts shall be of non-rusting and non-corroding metal. Bolts, screws and pins shall
be provided with lock washers, keys or equivalent locking facilities.

7.7.2.2 Accessories

The Discharge Counter details shall be as follows:

(i)

(i)

(iii)

Self-contained discharge counter, suitably enclosed for outdoor use shall be provided for
each single pole unit. The discharge counter shall be visible through an inspection window.
The counter terminals shall be so located that incoming and outgoing connections are
easily made with minimum possible bends. Suitably sized bypass shunts of copper to
facilitate bypassing the discharge counter shall be furnished. The terminal connectors shall
permit the connection of these shunts.

The connection between lightning arrester earth terminal and discharge counter terminal
shall be PVC/XLPE insulated for a minimum of 3.6 kV and this insulated conductor shall be
supplied along with the arrester.

A leakage current meter as an integral part of the discharge counter shall be supplied. The
counter and the meter shall be so arranged that it is possible to read the leakage current
values from ground level. The value of leakage current beyond which the operation is
abnormal shall be clearly marked in red colour on the meter.

7.7.2.3 Name Plates

Each lightning arrestor shall be provided with non-rusting and non-corroding name plate bearing
identification as per the applicable standards.

7.7.2.4 Supporting Structure

Supporting structure for the lightning arrestor shall be included in the Contractor’'s Scope of Supply.
Contractor shall furnish detailed dimensioned drawings indicating weights and all fixing details.

7.7.2.5 Drawings

All Drawings, data, technical particulars, calculations, detailed literature, catalogues, test certificates
etc shall be submitted by the contractor and get approval before commencement of work at site.
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7.8 HIGH VOLTAGE CURRENT AND VOLTAGE TRANSFORMERS

7.9 INSULATORS AND INSULATOR FITTINGS

7.9.1 APPLICABLE STANDARDS

Insulators and fittings shall conform to the latest editions of standards specified below:

(i)

(i)
(iii)
(iv)

(v)

Porcelain post insulators . 1S: 2544/ BS: 3297 / IEC: 60273
Insulators for overhead power lines : 1$:731/BS:137/IEC:60305,60433
Fittings for overhead power lines © 1S:2486 / BS: 3288

Dimensions of indoor and outdoor : IS:5350

porcelain post insulators and post
insulator unit

Hot dip galvanizing . 1S:2629, 2633

7.9.2 CONSTRUCTION FEATURES

(i)

(i)

(iii)

(iv)

(v)

(vi)

(vii)

(i)
(ii)

7.9.2.1Insulators

The porcelain shall be sound, free from defects, thoroughly vitrified and smoothly glazed.
Insulators shall have compression type glaze with a good luster and of uniform brown
colour. The glaze shall be unaffected by sudden changes in temperature and by
atmospheric pollution of ozone, acids, alkali, dust etc.

Under surfaces and grooves shall be shaped for easy cleaning. Shells shall be
substantially symmetrical in shape without appreciable warping. Tie wire grooves of pin
insulators shall be formed to provide a firm support for the conductor and permit the making
of a secure tie.

Insulators shall be designed to avoid excessive concentration of electrical stresses in any
section or across leakage surfaces. Design features which increase radio influence level
shall be avoided.

Each insulator shall have the rated strength marked clearly on the metal cap before
galvanising. Each insulator shall also bear symbols identifying the manufacturer, month,
and year of manufacture etc.

All metal parts shall be made of good commercial grade malleable iron or open hearth or
electric furnace steel, hot dip galvanised conforming to relevant standards. Casting shall
be free from blow holes, cracks and such other defects.

Strain and suspension strings shall comprise of the conventional ball and socket type disc
insulators. Individual insulators as well as strings of the same type shall be possible to
form either suspension or strain strings using the same disc. The locking clips shall be
made of phosphor bronze and shall provide positive locking of the coupling.

The Contractor shall make available to the Employer, data on all the essential features of
design including the method of assembly of shells and metal parts, number of shells per
insulator, the manner in which mechanical stresses are transmitted through shells to
adjacent parts provision for meeting expansion stresses, results of corona and thermal
shock tests, recommended working strength and any special design or arrangement
employed to increase insulator life under service conditions.

7.9.2.2 Hardware Fittings

Except where otherwise specified, all hardware shall be drop forged from high carbon steel

All ferrous parts shall be hot dip galvanised conforming to relevant standard
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(iii)

All clevis fittings and shackles shall be furnished with a high strength high carbon steel

galvanised bolt with nut and cotter key.

7.9.3 DRAWINGS

All Drawings, data, technical particulars, calculations, detailed literature, catalogues, test certificates
etc. shall be submitted by the contractor before commencement of work at site.

7.10 RELAY AND CONTROL PANEL

7.10.1 APPLICABLE STANDARDS

Relay and control panel shall conform to the latest applicable standards specified below:

Q) Switchgear general requirements 1S:13947 (Partlto 5) / BS : 5486
(i) Panel wiring IS:5578/11353)/BS:158
(ili)  Factory built assemblies of switchgear and 1S:8623/IEC:60439 (Part Il & IIl)
control gear for voltages up to and
including 1000 V AC & 1200 V, DC
(iv) Miniature circuit breakers 1S:8828;
(v) HRC cartridge fuses 1S:9224/BS:88/IEC:60265-1
(vi) D type fuses 1S:8187
(vii)  Control switches/push buttons IS:6875 (Part | & 11)/BSEN:60947/
IEC:60947
(viii)  Current transformers IS:2705/BS:3938
(ix) Voltage transformers IS:3156/BS:3941/IEC: 60186
(x) Relays 1S:3231, 3842/ BS:142 /IEC:60255
(xi) Indicating instruments 1S:1248/BS:89/IEC:60051
(xii)  AC electricity meters 1S:722,8530 /BS:5685/IEC:60145, 60211
(xiii)  Degree of protection 1S:13947 (Part 1)/BS:5490/ IEC:60947-1
(xiv)  Code of practice for phosphating iron and IS:6005 / BS:3189

steel

7.10.2 CONSTRUCTION FEATURES

Q) Relay and control panels shall be completely metal enclosed, free standing, floor mounting
type and shall be dust, moisture and vermin proof. The panel enclosures shall provide a
degree of protection not less than IP 52.

(i) All equipment on front of the panel shall be mounted flush or semi-flush with only the
flanges projecting. All equipment shall be mounted such that removal and replacement can
be accomplished individually without interruption of service to adjacent equipment.

(iii) Control panels shall consist of vertical front panels with equipment mounted thereon and
having wiring access from the rear. The doors shall have handles with built-in locking
facility.

7.10.3 MIMIC DIAGRAMS

Mimic diagrams shall be provided and shall be screwed on to panels. The material of the mimic
strips shall be anodized aluminum or plastic of approved fast cooler and material, which can be
easily cleaned. The width of the mimic bus shall not be less than 7.0 mm.
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7.10.4 ANNUNCIATORS

Fascia annunciators, when provided, shall have the following essential features and shall be
suitable for operation on 24/110 V DC. Fascia annunciators shall be:

(i)

(i)
(iii)
(iv)

(v)
(vi)

Equipment with “Sound Cancel”, “Acknowledge” and “Reset” push buttons common to
annunciators on all control panels aligned together and a “Lamp test” push button for each
annunciator on individual panels.

Provided with two lamps connected in parallel on each facia window with series resistors.
Suitable for normally open initiating contacts of either “hand” or “self’ reset type.

Suitable for annunciating subsequent faults with the specified sequence, immediately after
acknowledging the previous fault.

The minimum size of Fascia Window shall be 35 mm x 50 mm.

Designed for an operating sequence indicated below:

Alarm Condition Fault Contact Audible Alarm Visual Alarm
Normal Open Off Off
Abnormal Closed On Flashing
Sound cancel Closed or Open | Off Flashing
Acknowledge Closed or Open | Off Steady on
Back to Normal Open Off Steady on
Reset Open Off Off

Lamp Test Open Off Steady on

7.10.5PANEL ACCESSORIES & WIRING

(i)

(ii)

All wiring shall be carried out with 650 V grade, single core, stranded tinned copper
conductors with PVC insulation and shall be flame, vermin and rodent proof. The minimum
size of the stranded copper conductor used for the panel wiring shall be 1.5 sg. mm.

Wire terminations shall be made with solder less crimping type of tinned copper lugs which
firmly grip the conductor and insulation. Insulated sleeves shall be provided at all the wire
terminations. Engraved core identification plastic ferrules, marked to correspond with the
panel wiring diagram shall be fitted at both ends of each wire. All wires directly connected
to the trip circuit of a breaker or device shall be distinguished by the addition of a red
coloured unlettered ferrule.

7.10.6 TERMINAL BLOCKS

(i)

(ii)

(iii)
(iv)

Terminal blocks shall be 650 V grade, 10 amps rated one piece moulded, complete with
insulating barriers, stud type terminals, washers, nut and lock nuts and identification strips.
Marking on the terminal strips shall correspond to numbers on the wiring diagrams.

Terminal blocks for CT and VT secondary leads shall be provided with test links and
isolating facilities. Terminal blocks for CT secondary leads shall have short circuiting
facility.

Where duplication of a terminal is necessary, it shall be achieved by solid bonding links.

At least 10% spare terminals shall be provided on each panel. Also, all spare contacts and
terminals of the panel mounted equipment and devices shall be wired to terminal blocks.
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7.10.7 INDICATING INSTRUMENTS AND METERS

()
(i)
(iii)

Instrument dials shall be white with black numerals and lettering. Knife edge pointers and
parallax free dials shall be provided.

DC ammeters shall be provided with external shunts whenever the current exceeds 5
Amps. The rated voltage drop of the shunts shall be 75 mV.

Watt-hour meters shall be suitable for measurement of unbalanced loads in 3 phase, 4 wire
system. They shall be provided with a separate 3 phase, 4 wire type test blocks for the on-
load testing of the meters without disturbing the CT & VT secondary connection.

7.10.8 RELAYS

(i)

(i)

(i)

(iv)

(v)

(vi)

(vii)

(viii)

(ix)

()
(xi)
(xii)

(xiii)

(xiv)

All Protective relays shall be numerical type. Numerical relays shall have appropriate
setting ranges, accuracy, resetting ratio and other characteristics to provide required
sensitivity.

All protective relays shall be flush mounted at the front with connections at the rear in draw
out cases with built-in test facilities, including test plugs. All auxiliary relays and timers shall
be supplied in non-draw out cases.

All numerical relays shall have keypad to allow relay settings from relay front. Resetting
knobs shall be accessible from the front on removing the external cover and shall be
external to the case.

All numerical relays and timers shall be rated for control supply voltage specified and be
capable of satisfactory continuous operation between 70 % and 110 % of the rated voltage.
Making, Carrying and Breaking Current ratings of the relay Contacts shall be adequate for
the circuits in which they are used.

The numerical relays shall have communication, Metering and Monitoring Facility. The
communication facility shall have two Ports, local front port for laptop communication and
the second port, an IEC 61850 port, for LAN Communication with LAN.

The numerical processor shall be capable of measuring and sharing values of a wide range
of gquantities, events, faults and disturbance recordings with time stamping using internal
real time clock. Battery backup for real time clock in the event of power failure shall be
provided.

Numerical Relays shall have diagnostic feature with self-check for power failure,
Programmable routines, memory and main CPU Failures etc.

The Protective relays shall have adequate number of potential free contacts
(Programmable). The Contacts shall be suitable for directly wiring in the breaker closing
and tripping circuits operating from 24/110 V DC Control Voltage.

The current operated relays shall have provision for 4 Sets of CT Inputs and Voltage
operated relays shall have provision for 3 PT inputs. Relays shall be suitable for CT
secondary current suitable for CT Secondary current of 1 A/ 5 A selectable at Site.

Numerical Relays shall be immune to any kind of electromagnetic interference and
capacitance effect due to length of connected control cables.

Timer function shall be programmable for ON/OFF delays.

Numerical Relays shall be able to provide supervisory function such as trip circuit
monitoring, circuit breaker monitoring, PT & CT supervisions and recording facilities with
post fault analysis.

All relays shall withstand minimum test voltage of 2 KV AC RMS for one minute.

Numerical relays shall have two level password protections, one for read only and other for
authorization for modifying the setting etc.
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7.10.9 CONTROL AND SELECTOR SWITCHES

(M Control and instrument switches shall be of heavy duty rotary type provided with
escutcheon plates clearly marked to indicate the operating position, as well as function of
the switch. The contact assembly at the back of the switch shall be enclosed in dust tight
removable covers.

(i) Circuit breaker control switches shall be three position spring return to neutral type and
shall have external red and green indicating lamps. Red lamp shall be wired for continuous
supervision of shunt trip circuit with a series resistor.

(iii) Instrument selector switches shall be of the maintained contact (stay put) type.

(iv) Ammeter & Voltmeter Selector Switches shall have four stay put positions. Ammeter
selector switches shall have make before break type contacts so at to prevent open
circuiting of the CT secondary’s when changing the position of the switch.

7.10.10 PUSH BUTTONS

All push buttons shall have two normally open and two normally closed contacts unless specified
otherwise. The contacts shall be able to make and carry 5A at 110 V DC and shall be capable of
breaking 1A inductive load at 110 V DC.

7.10.11 INDICATING LAMPS

(i Indicating lamps shall be of Panel mounting, LED type. The Lamps shall have escutcheon
plates marked with their function with colours as warranted. Lamps shall have translucent
lenses with colours as warranted by the application.

(i) Lamps and lenses shall be interchangeable and easily replaceable from the front of the
panel. Special tools, if any, required for replacing the bulbs and lenses shall also be
included.

7.10.12 FUSES

All fuses shall be of the HRC cartridge plug-in type, provided with visible indication to show that
they have fused.

7.10.13 SPACE HEATERS

Each panel shall be equipped with space heaters to prevent moisture condensation within the
enclosure and shall be complete with control switch, thermostat to cut off the heaters at 45°C and
fuses for the power supply. Heaters shall be suitable for 240 V, 1 phase, 50 Hz AC.

7.10.14 RECEPTACLE AND INTERIOR LIGHTING

(1) A 240 V, 1 phase, 50 Hz, AC 3 Pin receptacle shall be provided in the interior of each
cubicle with an ON/OFF control switch and fuse for connection of hand lamps.

(i) An interior illuminating lamp together with the operating door switch and protective fuses
shall also be provided.

7.10.15 LABELS

Q) All front mounted equipment, as well as equipment mounted inside the panels shall be
provided with individual labels with equipment designation engraved. The panel shall also
be provided at the top with a label engraved with the panel designation. Lettering for panel
designation shall be 6 mm. Labels shall be made of non-rusting metal or 3 ply Lamicoid.
The minimum lettering size for device labels shall be 3 mm.
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7.10.16 EARTHING

(M All panels shall be equipped with an earth bus securely fixed along the inside base of the
panels. When several panels are mounted adjoining each other, the earth bus shall be
made continuous and necessary connectors and clamps for this purpose shall be included.
Provision shall be made to extend the earth bus bar to future adjoining panels on either
side. Provision shall also be made on the earth bus bar of the end panels for connecting
the earthing conductor.

(i) All metallic cases/frames of relays, instruments and other panel mounted equipment shall
be connected to the earth bus by independent copper wires of not less than 2.5 sqg.mm.
Suitable clamp connectors shall be used. Soldering shall not be permitted.

(iii)  The insulation colour code for earthing wires shall be green.

7.10.17 DRAWINGS AND DATA
All Drawings, data, technical particulars, calculations, detailed literature, catalogues, test certificates

etc. shall be submitted by the contractor after award of contract and get approval before
procurement.

7.11 11/0.433KV TRANSFORMER
7.11.1CODES AND STANDARDS

The supply, installation, testing and commissioning of any equipment / materials, etc. shall comply
with the latest applicable international / India standards and codes of practices.

The list of some of the applicable Standards is as given below:

0] Power Transformer 1S:2026/BS:171/IEC:60076

(i) Fittings and Accessories 1S:3639

(ili)  Auxiliary Transformer 1S:1180

(iv) Loading of oil  immersed 1S:6600/BS:CP.1010 /IEC:60354
transformer

(v) oil 1S:335/BS 148/IEC:60296

(vi) Bushings for > 1000V, AC 1S:2099/BS:223/IEC:60137

(vii)  Bushings for <1000V, AC IS: 7421

(viii) Degree of Protection 1S:13947 (Part 1) / IEC:60947-1

(ix) Buchholz Relay 1S:3637

(x) Electrical insulation classified by IS 1271/BS:2757/IEC:60085
thermal stability

(xi) Climate Proofing BS:CP1014

(xii)  Code of Practice for selection IS — 10028

Jinstallation and Maintenance of
transformers

7.11.2 DESIGN FEATURES

Transformers will be located outdoor and shall be sized for continuous operation and also be rated

for satisfactory operation at 50°C design ambient temperature OCTC type.
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7.11.3 CONSTRUCTION FEATURES

(i)

(i)
(iii)

(iv)
(v)

(vi)

(vii)

(viii)
(iX)

(x)

(xi)

(xii)

(xiii)

The transformer tank shall be made from high grade plate steel, suitably reinforced by
means of stiffeners made of structural steel sections. All seams, flanges, lifting lugs,
braces and other parts attached to the tank shall be welded. Tank shall be braced to
withstand full vacuum as specified by CBIP’s latest specification. Suitable guides shall be
provided in the tank for positioning the core and coil assembly. The core and coil assembly
shall not be cover mounted.

Adequate space shall be provided at the bottom of the tank for collection of sediment.

The transformer base shall be designed to permit skidding of the complete transformer unit
in any direction, when using plates or rails. The under base shall be detachable unless
transport facilities permit a fixed base.

The material used for gaskets shall be rubberized cork.

The interior of the tank shall be cleaned by shot blasting and painted with two coats of heat
resistant and oil insoluble paint. Adequately sized manholes shall be provided for easy
inspection and maintenance. All joints which may have to be opened from time to time in
the course of operation shall be of a design to permit them to be made easily oil tight in
reassembly. Steel bolts and nuts exposed to atmosphere, shall be galvanised. The tank
cover shall be suitably sloped so that it does not retain rain water.

Tank shall be designed to permit lifting, by crane or jacks, of the complete transformer
assembly filled with oil. Lifting lugs and eyebolts shall be so located that a safe clearance is
obtained between sling and transformer bushings, without the use of a spreader.

The transformer tank, radiators and conservator shall be designed taking into account the
loss of thickness due to shot blasting.

All taps shall be provided on the HV winding.

Cable boxes shall have sufficient space for segregating the cable cores and to give
adequate clearance in air between bare conductors at the terminals. Cable boxes shall be
complete with necessary cable lugs and armour grips.

All auxiliary wiring from current transformers, buchholz relays, winding temperature
indicators, etc., shall be marshaled to a separate weatherproof and vermin proof
marshalling box with an independent access cover.

The marshalling box shall be complete with necessary cable glands and cable lugs. The
marshalling box and components shall comply with the requirements specified for control
cabinets indicated elsewhere in this specification.

The transformers shall be designed with particular attention to the suppression of maximum
harmonic voltage, especially the third and fifth, so as to minimize interference with
communication circuits.

The noise level when energized at normal voltage and frequency with fans and pumps
running shall not exceed 78dB when measured one meter from edge transformer.

7.11.4 ACCESSORIES AND FITTINGS

Each main power transformer shall have the following fittings and accessories including but not
limited to:

(i)

A conservator of sufficient volume with:
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e Separate compartment for OCTC

o Dial type magnetic oil level gauge with potential free contacts for initiating alarm for low
oil level

o Weather-proof dehydrating breathers for both compartments with activated alumina or
silica gel as the dehydrating breather

e Shut off valves
¢ Filling hole, cap and drain valve and isolating valve for conservator.
e Explosion vent with diaphragm Equalizing pipe

The conservator shall be designed to maintain an oil seal up to a temperature of 100° C.
(i) Gas and oil actuated double float Buchholz relay with:

e Necessary shut off valves
e Test cock with pipe connections for sampling

o Potential free contacts for initiation of alarm in case of slow gas formation and trip in
case of fast oil and gas surges

(iii) Dial type thermometer with:

¢ Maximum temperature indicator and its resetting device

e Potential free contacts for initiating alarm on high temperature and trip on very high
temperature

(iv)  Winding temperature indicator with:

¢ Necessary sensing, compensating and calibrating devices

e Potential free contacts for initiating alarm on high temperature and trip on very high
temperature

o WTI transmitter for remote indication on remote tap changing panel
(V) Detachable type of radiators including but not limited to:

¢ Shut-off valves and blanking plates on transformer tank at each point of connection of
inlet and outlet header

e Top and bottom shut-off valves and blanking plate on each radiator
¢ Lifting lugs
e Top oil filling plug, 19 mm size
e Airrelease plug at top
¢ Oil drain plug at bottom, 19 mm size
e Earthing terminals
(vi) Pressure relief device for transformer tank and OCTC
(vii)  Weather - proof marshalling box mounted on transformer tank
(viii)  Name plate, rating plate and Diagram plate
(ix) Valves and plugs as below:
Drain valve
Filter valve
Oil sampling valves at top and bottom
Valves between radiators and tank (in case of detachable radiators)

Air release plug
Twin outlets (with plug) for applying vacuum with attachments.
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) Earthing pads of copper or non-corrodible material for transformer tank (2 places) and
radiator banks Inspection manholes as required

(xi) Lifting arrangement for:
e Fully assembled transformer
e Core and coil
e Tank
(xii)  Hauling eyes on each face of the transformer
(xiii)  Bi-directional flanged wheels
(xiv)  Anti-earthquake clamping devices
(xv)  Jacking pads
7.11.5 WINDINGS

The windings shall be of electrical grade copper.

Materials used in insulation and assembly shall be insoluble, non-catalytic and chemically inactive
in the hot transformer oil and shall not soften or otherwise be affected under operating conditions.

Windings and insulation shall be so arranged that free circulation of oil is possible between coils,
between windings, and between winding and core.

Leads from winding to the terminal board and bushings shall be rigidly supported to prevent injury
from vibration. Guide tubes shall be used where practicable.

Windings shall be subjected to shrinking and seasoning processes so that no further shrinkage
occurs during service. Adjustable devices shall be provided to take up possible shrinkage in
service. High voltage end - windings shall be suitably braced to withstand short circuit stresses.

Coils shall be supported at frequent intervals by means of wedge type insulation spacers
permanently secured in place and arranged to ensure proper oil circulation. To ensure permanent
tightness of winding assembly, the insulation spacers shall be dried and compressed at high
pressure before use.

Windings shall not contain sharp bends which might damage the insulation or produce high
dielectric stresses. No strip conductor would, on edge shall have width exceeding six times the
thickness.

All threaded connection shall be locked. Leads from the winding to the terminal board and bushings
shall be rigidly supported to prevent it from vibration. Guide tubes shall be used where practicable.

Windings and connections shall be of suitable insulating materials built from flat laminations.
Permanent current carrying joints in the windings and lead shall be brazed or soldered. Clamping
bolts for current carrying parts inside oil shall be made of oil resistant material which shall not be

affected by acidity in the oil.

Terminals of all windings including unloaded stabilizing windings shall be brought out of the tank
through bushings for external connection.

7.11.6 CORE

The magnetic circuit shall be constructed from high grade, cold rolled, non-ageing, grain oriented
silicon steel laminations coated with insulation varnish. The steel laminations shall be of “core”
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type. Each sheet shall have an insulating coating resistant to the action of hot oil. Each lamination
shall be coated with insulation which is unaffected by the temperature attained by the transformer
during service.

The insulation structure for the core to bolts and core to clamp plates shall be such as to withstand
appropriate dielectric test.

All steel sections used for supporting the core shall be thoroughly shot or sand blasted after cutting,
drilling and welding.

Core laminations shall be annealed and burrs removed after cutting. Cut edges shall be insulated.

The framework and clamping arrangements of core and coil shall be securely earthed inside the
tank by a copper strap connected to the tank. The core clamping structure shall be designed to
minimize eddy current loss.

The core shall be provided with lugs suitable for lifting the complete core and coil assembly. The
framework and clamping arrangements shall be securely earthed.

The core and coil assembly shall be dried out and impregnated under vacuum.
7.11.7 TANK

The transformer tank shall be made from high-grade sheet steel, suitably reinforced by stiffeners
made of structural steel sections. All seams, flanges, lifting lugs, braces, and other parts attached to
the tank shall be welded. The interior of the tank shall be cleaned by shot blasting and painted with
two coats of heat resistant, oil insoluble paint. Adequately sized manholes shall be provided for
ease of inspection and maintenance. Steel bolts and nuts exposed to atmosphere, shall be
galvanized.

Tank together with radiators, conservator, bushings and other fittings shall be designed to withstand
without permanent distortion the following conditions:

Q) Full vacuum of 760 mm of Hg for filling with oil under vacuum
(i) Internal gas pressure of 0.35 kg/cm?2 with oil at operating level

Tank shall be provided with a pressure release device, which shall operate at a pressure below the
test pressure for the tank and radiators. The device shall be provided with a device visible from
ground to indicate operation. An equalizer pipe connecting the pressure relief device to the
conservator shall be supplied. The device shall be provided with potential free contacts for alarm
and tripping. Alternatively, a separate pressure relay shall be provided for this purpose.

The tank cover shall be bolted type and not welded, sealed type. The tank cover shall be removable
and shall be suitably sloped so that it does not retain rainwater.

7.11.8 BUSHINGS

Bushing on 415 V LV side and on 66/33/11 kV side shall be as per IS 3347 Part I,Il and IV
respectively. Bushing shall also be as per IS 2099.

Bushings shall be of porcelain. Stresses due to expansion and contraction in any part of the
bushing shall not lead to deterioration.
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7.11.9 RADIATORS

Radiators shall be designed to withstand the vacuum pressure conditions specified for the tank.
They shall be so designed as to completely drain oil into the soak pit and to prevent formation of
gas pockets when the tank is being filled.

Transformers of rating above 500 kVA shall be equipped with detachable or separately mounted
radiator banks. Radiators for the main transformers shall be with bolted and gasket flange
connections. Transformers of rating 500 kVA and below shall be provided with fixed type radiators.
Fins of the radiators shall not have sharp edges and shall be rounded in shape.

When transformers are provided with separately mounted radiators, flexible joints shall be provided
on the main oil pipes connecting the transformer tank to the radiator banks, to reduce vibration and
facilitate erection and dismantling. The interconnecting pipes shall be provided with drain plug and
air release vents.

7.11.10 OIL

Transformer and associated oil filled equipment shall be supplied of oil plus 10 % extra in non-
returnable drums. The oil shall conform to IS: 335. No inhibitors shall be used in the oil. The maker
of oil shall be subject to Employer’s approval:

7.11.11 MARSHALLING BOX

The marshalling box shall be tank mounted, weather proof, vermin proof, dust proof, sheet steel (2
mm thick), enclosed and with hinged door having padlock. Door and gland plate shall be fitted with
neoprene gaskets. Bottom shall be at least 600 mm from grade level. Top surface shall be sloped.
The degree of protection shall be IP65.

Contacts / terminals of electrical devices / relays, etc. mounted on the transformer shall be wired to
the marshalling box. Interconnecting wires between the marshalling box and the accessories /
devices shall be either PVC insulated wires in Gl conduits or PVC insulated, armoured cables
together with provision of double compression type, brass cable glands at the marshalling box. The
above mentioned cables as well as terminating the cables shall be the Contractor's responsibility.

All contacts for alarm, trip and indication circuits shall each be electrically free, designed for the
auxiliary DC supply of 110 V and brought out to separate terminals in the marshalling box.
Terminals shall be rated for 10 A. Disconnecting / shorting type terminal block shall be used for CT
circuits.

In case of main transformers, provision for remote annunciation shall be provided with two
changeover contacts for alarm condition and two changeover contacts for trip condition for each of
the following conditions including but not limited to:

(1) Buchholz alarm

(i) Buchholz Trip

(ili)  Oil Temperature high

(iv) Oil Temperature very high

(v) Oil level low

(vi) Pressure relief device operated
(vii)  Winding temperature high
(viii)  Winding temperature very high
(ix) Conservator oil level low
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7.11.12 CABLE TERMINATIONS

Cable boxes shall have sufficient space for segregating the cable cores and for adequate clearance
in air between bare conductors at the terminals. Cable boxes shall be complete with necessary
glands, lugs and armour grips.

Air filled cable boxes shall be of adequate dimensions and designed in such a manner that they can
be opened for inspection without disturbing the gland plate or incoming cable. Disconnecting
chamber shall be provided for disconnecting and moving away the main transformer, without
removing the cables or the cable box. Provision shall be made for earthing the body of each cable
box.

7.11.13 INTERNAL EARTHING

All internal metal parts of the transformer, with the individual clamping plates; shall be earthed.
Core clamps and core bolts shall be insulted from the core by Class B insulation unless other
insulation is approved by purchaser.

The top and bottom clamping structure shall be connected to the tank by a copper strap.

The magnetic circuit shall be connected to the clamping structure at one point only, through a link
placed in an accessible position beneath an inspection an opening on the tank cover.

When the magnetic circuit is sub-divided by oil ducts or insulated barriers above 0.25 mm thick,
tinned copper strip bridging pieces shall be inserted to maintain electrical continuity between
packets.

Coil clamping rings of metal at earth potential, shall be connected to the adjacent core clamping
structure on the same side as the main earth connection.

7.11.14 PERFORMANCE REQUIREMENTS

Q) Transformers shall operate without injurious heating at the rated MVA/ KVA at any voltage
within + 10 percent of the rated voltage of that particular tap in accordance with 1S:6600.

(i) Transformers shall be capable of delivering the rated current at a voltage equal to 105
percent of the rated voltage without exceeding the limiting temperature rise.

(iii) Transformer for two or more limits of voltage or frequency or both shall deliver its rated
MVA/KVA under all the rated conditions of voltage or frequency or both; provided an
increase in voltage is not accompanied by a decrease in frequency.

(iv) Transformers shall operate below the knee of the saturation curve at 110 percent voltage to
preclude ferro resonance and non-linear oscillations.

(V) Transformers shall be capable of operation continuously, in accordance with the applicable
standard loading guide at their rated MVA/KVA and at any of the specified voltage ratios.
Under these conditions, no limitations by terminal bushings, on-load tap changers or other
auxiliary equipment shall apply.

(vi) The neutral terminal of windings with star connection shall be designed for the highest over
current that can flow through this winding.

(vii)  The transformers shall be designed with particular attention to the suppression of harmonic
voltage, especially the third and fifth, so as to eliminate wave form distortion and any
possibility of high frequency disturbances reaching a magnitude as to cause interference
with communication circuits.

(viii)  The Employer reserves the right to reject the transformer if the same does not meet the
specification requirement subject to tolerances as per I1S: 2062. The rejected transformers
shall be replaced by transformers complying with the requirements to this specification at
the Contractor’s cost.
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(ix) If the commissioning of the project is likely to be delayed by the rejection of a transformer,
as mentioned under (viii) above, the Employer reserves the right to accept the rejected
transformer until the replacement transformer is made available. Transporting the rejected
and replacement transformers as well as installation and commissioning of both the
transformers shall be at the Contractor’s cost.

x) Operating Under Overloads - It shall be possible to operate the transformer as per loading
guide 1S: 6600 up to overloads of 150%. There shall be no limitations imposed by bushings,
tap changers, auxiliary equipment, etc. to meet this requirement.

(xi) The permissible tolerances on the guaranteed values of transformer losses shall be as per
IS 2026. The values of load- losses and No-load losses shall be within the values given in
latest edition of Central Board of Irrigation and Power (CBIP) manual for transformer ratings
less than or equal to 2000 kVA.

7.11.15 TESTS
All tests required by the specification including repeated tests and inspection that may be
necessary owing to the failure to meet any tests specified, shall be carried out at the Contractor's

expense.

The following tests shall be carried out on the assembled transformer during inspection at the
manufacturer’s works.

Q) Heat run test.
(i) Oil pressure test.
(iii)  Vendor shall submit the short circuit withstand test certificate for the transformer.

(iv)  Allroutine tests including the followings:

e Temperature rise test on one transformer of same capacity

o Measurement of resistance of windings at principal and extreme taps

¢ Ratio at each tap, polarity and phase relationships

o Measurement of impedance voltage at principal and extreme taps

o Measurement of no load current and no load losses at rated frequency and at both the
rated voltage and 110 % rated voltage

o Measurement of efficiency and regulation at %2, % and full load

o Measurement of insulation resistance

¢ Induced over voltage withstand test

e Separate source voltage withstand test

¢ Magnetic balance test

e Pressure test for the tank

Type test certificates shall be provided for verification. Whenever two nos. or more identical
transformers are being offered, type tests on one of them shall be carried out, including heat run
test.

All auxiliaries and accessories such as temperature indicators, Buchholz and pressure relays shall
be tested as per the applicable standards and test certificates shall be furnished to the Employer for
approval.

7.11.16 LOSSES

The transformers shall be of “Low- loss’ design. The No-load Losses and load losses shall be
declared by the manufacturer. The same shall be guaranteed without further tolerance increments.
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7.11.17 REJECTION

The Employer may reject the transformer if anyone of the following conditions arises during testing:

Q) Any of the quantities / parameters of transformers subject to tolerances are outside the
tolerances given in the applicable standards or such tolerance as guaranteed in the
Contractor's bid.

(i) Winding and / or top oil temperature rise exceeds the specified / guaranteed value.

(ili)  Transformer fails to withstand any of the dielectric tests.

(iv) No- load loss exceeds the guaranteed value by 20% or more.

(v) Load loss exceeds the guaranteed value by 20% or more.

(vi) Impedance value exceeds the guaranteed value by + 10 % or more.

(vii)  Oil or winding temperature rise exceeds the specified value by 5°C.

(viii)  Transformer fails on impulse test.

(ix) Transformer fails on power frequency voltage withstand test.

x) Transformer is proved to have been manufactured not in accordance with the specification.
Additional tests shall be conducted to locate the failure and after rectification, all tests shall be

repeated to prove that the rebuilt transformer meets the specification in all respects, all at the
Contractor’s expense.

The Employer reserves the right to have the transformer replaced or repaired by the Contractor
within reasonable period to Employer's satisfaction at no extra cost to the Employer. The Contractor
shall also bear the costs, including but not limited to, incurred by the Employer in re-inspection / re-
testing such as travel and incidental expense, etc. The Contractor shall note that any delay in
completion time due to such repair / replacement shall be subject to liquidated damages as
specified in the Conditions of Contract.

7.11.18 MISCELLANEOUS
The following items shall also be included in the Contractor's scope for each transformer:

Q) Supply, installation and commissioning of interconnecting cables between transformers
mounted accessories, marshalling box, OLTC and remote panel in the electrical room
along with associated compression type brass cable glands, lugs, etc.

(i) Ten percent extra oil, in addition to that required for first filling of complete transformer, in
non-returnable drums

(ili) A 10 liters can of paint for touching up the external surface after erection, and

(iv) Terminal clamps / connectors suitable for connecting to specified sizes of conductor / tube /
cable.

7.11.19DESIGN CRITERIA

The transformer size shall be determined from the estimation of the simultaneous maximum
demand based on the power rating of all main and auxiliary motors and other loads and their
operating / running periods.

Appropriate values of load factor, diversity factor, power factor and efficiency shall be considered
for each type of load. Improvement in power factor due to capacitors shall not be considered. Five
percent (5%) contingency shall be added to the simultaneous maximum demand thus calculated
and the next standard size of transformer as per IEC shall be selected.
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Two such transformers shall be provided for 100 % redundancy at each site. The design
calculations for transformer sizing shall be subject to the approval of the Employer.

7.11.20 PAINTING

The interior of all transformer tanks and other oil filled chambers and internal structural steel work
shall be cleaned of all scale and dust and surface shall be painted with not less than two coats of
heat resistant, oil insoluble and insulating varnish. Steel surface exposed to the weather shall be
thoroughly cleaned and applied a priming coat of zinc chromate. The second coat shall be of oil and
weather resistant nature, preferably of distinct color from the prime finishing coats. The final coat
shall be of glossy oil and weather resisting non fading epoxy paint of specified shade.

All exposed bolts, nuts and washers shall be of galvanized steel unless otherwise approved.

Metal parts not accessible for painting shall be made of corrosion-resistant material. Machine
finished and bright surfaces shall be coated with a suitable compound and wrapped.

Interior surfaces of mechanism chambers and knocks shall receive three coats of paint after proper
cleaning the final coat shall be of a light colored anti-condensation paint.

7.12 415V SWITCHGEAR PANEL

7.12.1 CODES AND STANDARDS

The design, construction, manufacture and performance of equipment shall conform to latest
applicable International/BIS standards and comply with all currently applicable statutes, regulations

and safety codes in the locality where the equipment will be installed.

Some of the relevant Standards are specified in the table below:

Title Code No.

Switchgear general requirements IS: 13947/BS: 5486/IEC: 60947

Factory Built assemblies of SWGR and | IS: 8626/BS: 5486/IEC: 60439
Control gear for Voltages up to including
1000V AC and 1200V DC

Air Break Switches IS: 13947-P3/BSEN: 60947/IEC: 60947-3
Moulded Case Circuit Breaker IS 2516 / IEC 60947-2/ BS EN 60947-2
Miniature Circuit Breakers IS: 8828/BSEN: 60898

Low Voltage Fuses IS: 13703/BS: 1362/IEC: 269-1

Contactors IS: 13947/BSEN: 60947-41EC: 60947-1
Starters IS: 13947/BSEN: 60947-4/IEC: 60292-1 to 4
Control Switches / Push Buttons IS: 6875/BSEN: 60947/IEC: 60044

Current Transformers IS: 2705/BS: 7626

Voltage Transformers IS: 3156/BS: 7625/IEC: 60044, 60186
Indicating Transformers IS: 1248/BS: 89/IEC:60051

Making and ldentification of Conductors and | IS: 11353/BS: 159
Apparatus terminals

AC Electricity Meter IS: 7252,8530/BS: 5685/IEC: 145, 211
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Title

Code No.

Selection Installation and Maintenance of | IS: 10118
Switchgear and Control gear.

Degree of protection IS: 13947/IEC: 60947-P1/ IP: 52

Code of practice for phosphating iron and | IS:6005/BS:3189
steel

Specification for copper rods and bars for | IS:613
electrical purposes

Control transformers for switchgear and | 1S:12021
control gear voltage not exceeding 1000V AC

Bus Bar IS: 613

Relays IS: 3231/1S: 3842/BSEN: 60947-5-1/ IEC: 60255

Push Buttons IS: 6875/BSEN: 60947/BSEN: 60037/IEC:
60037

7.12.2 FEATURES OF CONSTRUCTION

The switchgear shall be metal enclosed, dust proof, modular type suitable for indoor floor mounting
and shall have following features:

()
(i)
(iii)
(iv)
V)

(vi)

(vii)
(viii)
(iX)
(x)

Height shall not exceed 2300 mm. Height of Switches, pushbuttons shall not exceed 1800
mm and shall not be less than 700 mm.

Degree of Protection shall be IP54.
Shall be Single or double front execution and draw out type
Shall have designation labels both on front and rear sides

Shall be provided with proper gasketing for removable covers, doors, between panels and
base frame and all around the perimeter of adjacent panels.

The switchgear shall be divided into distinct vertical sections each comprising:
¢ A completely metal enclosed bus bar compartment running horizontally.

¢ Individual feeder modules arranged in multi-tier formation. It is essential that the
modules are integral multiples of the basis unit size to provide for flexibility in changes, if
any, at site.

e Enclosed vertical bus bar serving all modules in the vertical section. For safety isolation
of the vertical bus bar, insulating barrier with cut-outs shall be provided to allow the
power stab contracts to engage with vertical bus bar.

e A vertical cable alley covering the entire height. The cable alley shall be minimum 300
mm wide for motor control modules and 500 mm wide for circuit breaker controlled
modules.

e A horizontal separate enclosure for all auxiliary power and control buses, ad required,
shall be located so as to enable easy identification, maintenance and segregation from
the main power buses. Tap- off connections from these buses shall be arranged
separately for each vertical section.

The switchgear shall be easily extendable on both sides by the addition of vertical sections
after removing the end covers.

Operating device shall be incorporated only in the front of switchgear.
Each shipping section shall have metal sheets at both ends.
Cable alley shall be provided with suitable hinged doors.
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(xi) Rear of single front switchgear shall be provided with removable panels with captive
screws.

(xii)  All doors shall be with concealed type hinges and captive screws

(xiii)  Each vertical section shall be equipped with 240 V, single phase, 50Hz space heater
controlled by thermostat

(xiv)  Each switchgear cubicle shall be provided with the interior lighting with a 20 W fluorescent
tube with on/off switch.

(xv) A 240V, 1 phase, AC plug point shall be provided in the interior of each cubicle with on-off
switch for connection of hand lamps.

(xvi)  Interchangeability

All identical equipment and corresponding parts shall be fully interchangeable without and
modifications.

7.12.2.1 Sheet Metal Work

The switchgear frame shall be fabricated using suitable mild steel structural sections or pressed
and shaped cold rolled sheet steel.

Frames shall be enclosed by sheet steel of thickness not less than 2.5 mm, smoothly finished,
leveled, and free from flaws. Doors and covers shall be made of sheet steel of thickness not less
than 2 mm. Stiffeners shall be provided wherever necessary.

All panel edges and door edges shall be reinforcement against distortion by rolling, bending or by
the addition of welded reinforcement members.

Cuts-outs shall be true in shape and void of shape edges.

The complete structure shall be rigid, self- supporting, free from vibration, twists and bends.

7.12.3 MAIN AND AUXILIARY BUSES
7.12.3.1 Main Buses and Taps
Switchgear shall be provided with three phase or three phase and neutral bus bar.

Bus bar shall be of uniform cross section throughout the length of the switchgear, and up to the
incoming terminals of feeder circuit breaker / switch.

The bus bar shall be made of high conductivity copper.

Bus bar shall be provided with at least the minimum clearance in air as per applicable standards for
a 500 V, 3 phase system.

All bus bar, bus-taps shall be insulated with close fittings sleeve of hard, smooth, dust and dirt free
plastic insulation of high dielectric strength (450 V/ mil) to provide a permanent high dielectric non-
ageing and non-tracking protection, impervious to water, tropical conditions and fungi. The
insulation shall be non-inflammable and self-extinguishing and in fast colors to indicate phases. The
joints shall be insulated in such way as to provide for accessibility of contract bolts for maintenance.
The dielectric strength and properties shall hold good for the temperature range of 0 deg. C to 90
deg. C. If the insulating sleeve is not colored bus-bars shall be colors — coded with colored bands at
suitable intervals.

Bus bar shall be adequately supported and braced to withstand the stresses due to the specified
short circuit currents for the associated switchgear. Busbar supports shall be made of glass
reinforced moulded plastic materials or DMC/SMC.

Separate supports shall be provided for each phase of the bus bar. If a common supports is
provided for all three phases, anti-tracking barriers shall be incorporated.
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Bus bar joints shall be complete with high tensile steel bolts and Belleville washers and nuts.

Bus bar shall be thoroughly cleaned at the joint locations and suitable contract grease shall be
applied just before making a joint.

7.12.3.2 Auxiliary Buses

Auxiliary buses for control power supply, space heater power supply or any other specified service
shall be provided. These buses shall be insulated, adequately supported and sized to suit specified
requirements. The materials of control power supply buses shall be electrolytic copper. The
material for space power supply shall be same as that for the main power buses.

7.12.4 PAINTING

All sheet steel work shall be phosphate in accordance with the following procedure and in
accordance with applicable standards.

QOll, grease, dirt and swarf shall be thoroughly removed by emulsion cleaning.

Rust and scale shall be removed by pickling with dilute acid followed by washing and running water,
rinsing with slightly alkaline hot water and drying.

After Phosphate, thorough, rinsing shall be carried out with clean water, followed by final rinsing
with dilute dichromate solution and oven drying.

The phosphate coating shall be sealed by the application of two coats of primer suitable for
finishing by power coating.

After application of the primer, the fabricated sheet steel work shall be subject to epoxy based
powder coating. Shade of powder coating is subject to approval by the Employer.

Each coat of primer, the fabricated sheet steel work shall be subject to epoxy based powder
coating. Shade of powder coating is subject to approval by the Employer.

The final finishing thickness of paint film on steel shall not be less than 100 microns, and shall not
be more than 150 microns.

Finished painted appearance of equipment shall present an aesthetically pleasing appearance, free
from dents and uneven surfaces.

7.12.5 MOTOR PROTECTION CIRCUIT BREAKERS (MPCBS)

MPCBs shall be 3 phase devices suitable for direct connection to system having fault level of 50 kA
rms. MPCBs shall be complete within built bi-metal overload protection, short circuit protection and
protection against single phasing.

Bi-metal overload protection shall have range suitable for motor FLC. These shall be class 10
(normal duty) for normal applications such as pumps, agitators etc. and class 20 (heavy duty) for
long time starting equipment such as centrifugal blowers.

The protections shall provide at least one potential free output alarm contact for use in control
circuitry alarm and signal to SCADA system.

7.12.6 SWITCHES AND FUSES

Q) 415 V air-break switch shall be of the load break, fault make, group operated type. For use
on 3-phase systems, the switches shall be of the triple pole type with a link for neutral wire.
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For use on single phase system and d-c systems, the switches shall be of the two pole
type.

(i) Switches shall be of the heavy duty, quick make and quick break type. Switch contacts
shall be silver plated, and contact springs shall be of stainless steel. Switch handles shall
have provision for locking in both fully open and fully closed positions. Mechanical ON-
OFF indication shall be provided on the switches.

(ili)  Switches for controlling motor circuits shall be of the load break, fault make type, and shall
be capable of breaking locked rotor current of the associated motor.

(iv) 415 V switches and fuses shall be provided with the following interlocks so that :
(v) The fuses are not accessible unless the switch is in fully open condition

(vi) It is not possible to close the switch when the fuse cover is open, but an authorised person
may override the interlock and operate the switch. After such an operation, the cover shall
be prevented from closing if the switch is left in the ‘ON’ position.

(vii)  All fuses shall be of the HRC cartridge type, mounted on plug-in type of fuse bases. Fuses
shall be provided with visible indicators to show that they have operated.

(viii)  Earthing and neutral lines in main supply circuits shall be of solid silver plated copper and
be of the bolted pattern.

(ix) Fuses and links functionally associated with the same circuit shall be mounted side by side.
7.12.7 MINIATURE CIRCUIT BREAKER (MCB)
MCB shall be hand operated, air break, quick make, quick break type.

Operating mechanisms shall be mechanically trip-free from the operating knob to prevent the
contacts being held closed under overload or short-circuit conditions.

Each pole shall be fitted with a bi-metallic element for overload protection and a magnetic element
for short-circuit protection. Multiple pole MCBs shall be mechanically linked such that tripping of one
pole simultaneously trips all the other poles. The magnetic element tripping current classification
shall be of the type suitable for the connected load. Where this is not specified, it shall be Type C.
The short circuit rating shall be not less than that of the system to which they are connected.

7.12.8 CONTACTORS

The power contactors used in the switchboard shall be of, air break, single throw, triple pole,
electromagnetic type. Contactors shall be suitable for uninterrupted duty and rated for Class AC3
duty in accordance with the latest edition of IS 13947.

Operating coils of all contactors shall be suitable for operation on 240 V, single phase, 50 Hz
supply. Contactors shall be provided with at least two pairs of NO and NC auxiliary contacts.
Contactors shall not drop out at voltages down to 70 % of coil rated voltage. Contactors shall be
provided with a three element, positive acting, ambient temperature compensated, time lagged,
hand reset type thermal overload relay with adjustable settings. The hand reset button shall be
flush with the front door of the control module, and shall be suitable for resetting the overload relay
with the module door closed. Relays shall be either direct connected or CT operated. Overload
relay and reset button shall be independent of the "Start" and "Stop" push buttons. All contactor
shall be provided with single phasing preventer (SPP).

Motor starters shall be complete with auxiliary relays, timers and necessary indications.
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7.12.9 SPACE HEATERS

Adequately rated anti-condensation space heaters shall be provided, one for each control panel, for
each switchboard and for each marshalling kiosk. Space heater shall be of the industrial strip
continuous duty type, rated for operation on a 240 V, 1 phase, 50 Hz, AC system.Each space
heater shall be provided with a single pole MCB with overload and short circuit release, a neutral
link and a control thermostat to cut off the heaters at 350 C.

7.12.10 SAFETY ARRANGEMENTS

All terminals, connections and other components, which may be “live” when front access door is
open, shall be adequately screened. It shall not be possible to obtain access to an adjacent cubicle
or module when any door is opened. Components within the cubicles shall be labelled to facilitate
testing.

7.12.11 INSTRUMENTS AND METERS

Electrical indicating instruments shall be 110 mm square with 240° scale. Taut band type of
instruments is preferred. Taut band moving coil instruments for use on AC systems shall
incorporate built-in transducers. Instrument dials shall be white with black numbers and lettering
.Normal maximum meter reading shall be of the order of 60 % normal full scale deflection.
Ammeters for motor feeders shall have suppressed scale to show current from full load up to six
times the full load current. Watt hour meters shall be of the induction type and shall be provided
with reverse running stops. Instruments shall have an accuracy of Class 1.0. These shall be digital

type.
7.12.12 PUSHBUTTONS AND INDICATOR LIGHTS
Push buttons, selector switches and indicating light shall be heavy duty type.

Push buttons shall have a momentary contact. Selector switches shall be rotary operated type with
totally enclosed silver plated contacts. Indicating Light shall be cluster LED type.

7.12.13 CABLE CONNECTIONS

Adequate space shall be provided with in the unit to allow for the termination of all cables. The
manufacturer shall state the maximum conductor size that can be accommodated at the termination
points of each external circuit.

The terminal blocks provide shall be located so as to provide ease of access. Terminal blocks
provided shall be grouped by cable designation and shall be segregated according to circuit voltage
and field destination. This requirement shall prevail even where contract drawings show different.

If specified on the soft starter specification sheet, the unit shall be provided with metal cable glands
and generously dimensioned glands plate(s). Sufficient distance shall be allowed between this
plate(s) and the termination points, to avoid sharp bends of the cables.

7.12.14 WIRING

Wiring shall be installed in wire ways or shall be neatly grouped in packs by using non- metallic
wiring cleats. Wiring groups shall be supported. Wire ways shall not be filled to more than 40% of
their cross sectional area. Interconnecting wiring between equipment located in front and rear of
panels shall be noted inside the enclosure.
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7.12.15 MAIN CIRCUITS WIRING:

All wiring shall be clearly grouped and be adequately protected. The internal wiring shall be carried
out with 650/1100V grade, PVC insulated, stranded conductor wires and able to withstand a flash
test at 2.5 kV for 1 minute (excluding electronic components). Each conductor shall be sized to suit
the current rating of the protective device and the minimum size of conductor for power circuits shall
be 4 Sg.mm copper or equivalent size aluminum conductor. Main supply should be kept as far as
possible from the motor cable.

7.12.16 CONTROL CIRCUIT WIRING:

All control circuit wiring shall be nearly loomed or enclosed in panel wiring trunking and shall be of
the insulated stranded copper conductor and be able to withstand a flash test at 2.5 kV for 1 minute
(excluding electronic components). All wires should be shielded and should be at least 1.5 mm 2

All wires shall be connected to terminal individually and clearly identified at both ends in
accordance with the wiring diagram (s). Wires shall be formed of continuous lengths between
termination points.

Connection shall be the non-loosening type.

Terminals in current measuring circuits shall be of special purpose with suitable bridging links and
measuring facilities.

7.12.17 PANEL EARTHING

Each switchboard, control panel, etc. shall be provided with an earth busbar running along its entire
length. The earth bus bar shall be located at the bottom of the board/panel.

Earth bus bars shall be of copper and shall be rated to carry the rated symmetrical short circuit
current of the associated board/panel for one second, unless otherwise specified. Earth bus bars
shall be properly supported to withstand stresses induced by the momentary short circuit current of
value equal to the momentary short circuit rating of the associated switchboard/panel.

Positive connection of the frames of all the equipment mounted in the switchboard to the earth bus
bar shall be maintained through insulated conductors of size equal to the earth bus bar or the load
current carrying conductor, whichever is smaller.

All the metals parts of the complete unit, which are not intended as electrical conductors, shall be
effectively and permanently bonded. Sufficient means shall be provided for connecting the
complete unit permanently to the earthing system.

All instrument and relay cases shall be connected to earth bus bar by means of 1100 V grade,
green coloured, PVC insulated, stranded, tinned copper, 2.5 sg. mm conductor looped through the
case earth terminals.

Motor and mains cables should be shielded and the shielding should be fixed and grounded as
close to the soft starter as possible. The motor shielding should be connected to ground at both
ends.

The controller should be mounted on unpainted flat sheet steel, with anti-corrosion treated
contactor. Painted steel can be used on condition that good electrical contact is ensured between
the mating and mounting surfaces.

Panel mounted units shall contain an earth bar, to which internal earthing conductors shall be
terminated.
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7.12.18 RATINGS PLATES AND LABELS

The panel shall have a rating plate permanently fixed to the front of the equipment giving the
following minimum information.

(M Rated voltage and frequency

(i) Rated output capacity

(ili)  Standard to which equipment conforms
(iv) Month and year of manufacture

(V) Manufacturers name and address

(vi) Degree of ingress protection

7.13 415V SWITCH BOARD ACCESSORIES
7.13.1 THERMAL OVERLOAD RELAYS

All the over load relays used for the protection of three phase induction / synchronous motors shall
be complete with a three elements, positive acting, ambient temperature compensated, time lagged
thermal overload relay with adjustable settings. The setting range shall be properly selected in
accordance with rating of the motor.

Thermal overload relays shall be hand reset type.

‘Stop’ push button of the starter and hand reset device shall be separate from each other.
Overload relay hand reset push button shall be brought out on the front of the compartment door.
Overload relay shall be provided with least one ‘NO’ and one ‘NC’ or one change —over contract.
7.13.2 SINGLE PHASING PREVENTERS

The relay shall be suitable for application to protect reversible and non-reversible motors. The relay
operation shall be independent of the motor KW rating, the loading conditions prior to the
occurrence of the single phasing and rpm of the motor. The relay shall be of the fail-safe type and
shall operate to trip the motor when the relay internal wiring is accidentally open circuited. The
single phasing preventers should be current sensing type.

7.13.3 MOULDED CASE CIRCUIT BREAKERS

Moulded case circuit breaker (MCCBSs) or air circuit breaker (ACB) shall be provided for use in lieu
of switch fuse for the motor controls for higher kW rating where MPCBs are not available. MCCB
shall be provided if rating/ load requirement does not exceed 400 Amps, otherwise A.C.B. shall be
provided.

The MCCBs shall conform to BSEN: 60947-2 and the latest application standards.

MCCBs shall be of the air break, quick make, quick break and trip free type and shall be totally
enclosed in a heat resistant, moulded, insulating material housing. MCCBs in AC circuits shall be of
triple pole construction arranged for simultaneous three poles manual closing and opening and for
automatic instantaneous tripping on short circuit. The ON, OFF and TRIP positions of the MCCBs
shall be clearly indicated and visible to the operator when mounted as in service. Front of board
operating handle shall be provided.

MCCBs shall have an ultimate short circuit capacity not less than the short circuit current specified.
MCCBs shall have a service short circuit breaking capacity (Ics) equal to the ultimate short-circuit
capacity (I cu).
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Each pole of MCCB shall be fitted with a bi-metallic thermal element for inverse time delay
protection and a magnetic element for short circuit protection. Alternatively, they shall be fitted with
a solid state protection system. Such a protection system shall be fully self-contained, needing no
separate power supply to operate the circuit breaker tripping mechanism. Thermal element shall be
adjustable. Adjustments shall be made simultaneously on all poles from a common facility. Thermal
elements shall be temperature compensated.

The MCCBs shall be provided with the following features:

e Common trip bar for simultaneous tripping of all poles
e 2 NO + 2 NC auxiliary contacts

MCCBs shall be capable of withstanding the thermal stresses caused by overloads and locker rotor
currents of values associated with protective relays setting of the motor starting equipment and the
mechanical stress caused by the peak short-circuit current of value associated with the switchgear
rating. The maximum tripping time under short circuit shall not exceed 20milliseconds.

MCCBs terminal shall be shrouded and designed to receive cable lugs for cable sizes relevant to
circuit ratings.

7.13.4 AIR CIRCUIT BREAKER

Air Circuit Breaker (ACB) shall conform to IS/IEC-60947; BS EN 60947.

ACB shall be triple pole, electrically operated, draw-out type suitable for operation 415 V, 50 C//S
A.C. supply. It shall be fully interlocked horizontal withdraw-out type version with hinged door. It
shall be provided of positively earth frame, automatic safety shutters with pad locking facility,
ON/OFF indication, silver faced moving contacts and arcing contact.

All contacts subjected to arching should tipped with arc resistance materials, inter phase barriers
should be incorporated.

Isolating contact of silver plated, multi-finger, spring loaded type should be provided.

Micro based release, which shall be self-powered and true RMS sensing type with comprehensive
protection, shall be provided to offer protection against overload and short circuit and ground fault.
It shall be consisting of multi-state LED to indicate power ON condition, test mode and with
individual fault annunciation through LEDs

The breaker should be inter-locked to prevent access to live parts unless the circuit is dead.

The breaker should not be disconnected from the isolating contacts or re-engaged with the contact
unless breaker is in the open position.

The breaker must be tripped before the door can be opened to gain access to the racking door is
open until ISOLATED’ position is reached.

Main contacts should be shrouded automatically by a safety shutter preventing in advertent contact
with isolating contact in with-draw position.

7.13.5 CURRENT TRANSFORMERS

Current transformer shall be of the dry type resin cast. Current transformer shall have a short time
withstand rating equal to the short time withstand rating of the associated switchgear for one
second.

Unless otherwise specified, the minimum performance requirements of current transformers are as
follows:

Measuring CTs- 10VA, accuracy class 1.0 and an instrument safety factor of less than 5.

Protective CTs- 15VA, accuracy class 5p and an accuracy limit factor of 10.
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Test links shall be provided in both secondary leads of the CTs to easily carry out current
measurement tests.

All current transformers shall be earthed through a separate earth link on the terminal block to
permit easy measurement of the current transformer insulation resistance.

Current transformers shall have polarity markings indelibly marked on each transformer and at the
lead terminations at the associated terminal block.

Current transformers shall be able to withstand the thermal and mechanical stresses resulting from
the maximum short circuit and momentary duties of the switchgear, as indicated in the Technical
Specification.

CT core laminations shall be of high grade silicon steel.

Identification labels shall be fitted giving type, ratio, rating, output and serial numbers.

7.13.6 VOLTAGE TRANSFORMERS
Voltage transformers shall be of dry type cast resin.

Unless otherwise specified, the minimum performance requirements of voltage transformers are as
follow:

(i Measuring VTs - 25 VA per phase and accuracy class 1.0
(i) Protective VTs - 25 VA per phase and accuracy class 3.0

All secondary windings of voltage transformers including open delta windings shall be rated for 110
V per phase.

Voltage transformers shall have a continuous over- voltage factor of 1.2 and short time over-voltage
factor as follow:

(1) 1.5 for 30 seconds in case effectively earthed system.
(i) 1.9 for 8 hours in case of non-effectively earthed system.

Voltage transformers shall be complete with suitable rated primary, secondary and tertiary fuses.
Primary fuses shall have a rupturing capacity equal to the rupturing capacity rating of the
associated switchgear. HRC Fuses shall be provided on each sub circuit. It shall be possible to
replace Voltage transformers without having to de-energize the main bus bar. The terminals of VT
secondary and tertiary windings which are required to be connected to earth shall be earthed by an
isolating link without a fuse.

It shall be possible to replace voltage transformer fuses easily without having to de-energise the
main bus-bars.

7.13.7 RELAYS
The following clauses shall apply to the protective relays. Relays shall be:

Q) Numerical type with communication facility.

(i) Enclosed in dust proof flush mounting draw out type cases.

(iii)  Accessible for setting and resetting from the front.

(iv) Provided with positive acting hand-reset flat indicators visible from the front.

Access to setting devices shall be possible only after the front covers are removed. Access to
resetting devices shall be external to the case. Auxiliary relays shall be rated to operate
satisfactorily between 70% and 110% rated voltage. Each relay shall be provided with at least two
separate voltage free contracts.
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7.13.8 INDICATING INSTRUMENTS AND METERS

Electrical indicating instruments shall be of minimum 96 mm square size, suitable for flush
mounting. All instruments shall be generally of the same pattern and appearance throughout which
perform similar duties shall be of uniform type and manufacture. Indicating Instruments shall be
digital type preferably and shall have class 1.0accuracy. Watt hour meters shall be electronic type
with LED display.

7.13.9 INDICATING LAMPS
Indicating lamps shall be:

Q) Cluster LED type
(i) Provided with series as required

(iii) Provided with translucent lamp covers of colors “red ‘green’ and ‘Amber’ as required in the
control wiring diagrams. Cover shall comply with BSEN 60037.

(iv) Bulbs and lenses shall be easily replaceable from the front.
7.13.10 CONTROL AND SELECTOR SWITCHES

Control and selector switches shall be:

Q) Of the rotary type.

(i) Adequately rated for the purpose intended (minimum acceptable rating is 10) A continuous
at 240 V AC and 1 A (inductive break) 220 V DC.

(iii) Provided with escutcheon plates clearly marked to show the positions.
Control Switches shall be:
(1) Of the spring return to normal type.

(i) Provided with pistol grip type handles.

Selector switches shall be:

Q) Of the maintained contract stay put type. Switches in ammeter circuits shall have mark-
before- break type contact.

(i) Provided with oval handle.

7.13.11 PUSH BUTTONS

Push buttons shall be:

Q) Of the momentary contact, push to actuate type rated to carry 10 A at 240 V AC a 1A
(inductive breaking) at 220 V DC.

(i) Fitted with self reset, 2 NO and 2 NC contacts.

(iii) Provided with integral escutcheon plates marked with its function.

(iv) ‘Start’, ‘Open’, ‘Close’ push buttons shall be green in color.

(V) ‘Stop’ push button shall be red in color.

(vi)  All other push button shall be black in color.

(vii)  ‘Emergency stop’ push button shall be of the lockable in the pushed position type and
rotate release and shall be shrouded to prevent accidental operation.
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7.13.12 CONTROL TRANSFORMER

Each bus selection in the MCC shall be provided with a control transformer 415/110v, single phase,
and dry type and of adequate VA rating to cater to loads of control circuitry of the feeder connected
to that bus. The transformers shall be adequately protected on the primary side by an MCCB and
on the secondary side an MCB.

The secondary of the control transformers shall be taken to a control bus to be run throughout the
length of the MCC.

7.13.13 WINDOW TYPE ALARM ANNUNCIATORS

The alarm annunciation scheme wherever specified in control wiring drawings shall incorporate the
following features:

(1) Visual indication of the fault by means of steadily lit alarm windows.

(i) Audible alarm on the occurrence of the fault.

(ili)  Red facia units to differentiate trip alarm from non-trip alarms.

(iv) Acknowledgement of occurrence of fault, incorporating audible alarm cancellation features.
(V) Resetting the scheme after the faults has been cleared.

(vi) Facility to test the healthy condition of the lamps automatically excluding units indicating
existing faults.

(vii)  Prevention of mal-operation of the scheme when the push buttons are pressed incorrectly
or in a wrong sequence.

(viii) Initiation of the complete sequence of audiovisual alarms in the event of a new fault
occurring at the time of accepting an existing fault.

(ix) Suitable for operation on DC supply with a voltage variation between 80% and 110% of the
rated voltage.

) Suitable for operation for fleeting (15milli dec. duration) as well as the persistent faults.
(xi) Facility for a separate audio visual alarm to indicate: “Alarm supply failure”.
(xii)  Facility for duplicating the audio-visual alarm at a second location.
(xiii)  Window alarm enunciators shall incorporate the following construction features:
e Flush mounted fascia units, each of which is provided with two lamps and a series
resistor and a ground glass plate in front of the inscription.

¢ Plug in relays mounted behind the fascia units.
(xiv)  The alarm annunciation scheme shall comprise the following equipment’s:

A fascia complete with relays for each fault.

A common alarm bell.

‘Accept’ ‘reset’ and ‘lamp test’ push Buttons.

Alarms supply failure, ‘Accept’ and ‘reset’ push buttons.

7.14 MOTOR STARTERS

The selection of starters shall be made according to the rating of the motor used with the equipment
the selection shall be done as follows:

(1) Up to 5 KW ; Direct On Line Starter
(i) Above 5 KW & up to 100 KW Star-delta Starters (Automatic type)
(iii)  Above 100 KW : Soft Starters
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All starter feeders shall have individual ammeter with selector switch.

At least 15% spare starter modules of each type and kW rating subject to a minimum of 1 No. shall
be provided on each bus section of the MCC.

7.14.1 DIRECT ON-LINE STARTERS (DOL):

Direct on-line starters module shall be suitable for Class AC 3 utilization category suitable for type-
2 coordination, as specified in applicable standards. Each DOL starter feeder shall be complete
with the following:

Q) Motor Protection Circuit breaker (MPCB) with built in Overload relay and Single phasing
preventer

(i) Contactors

(ili)  ON-OF-TRIP indication lamps,

(iv) Start-Stop-Reset push button

(v) Local/Remote set switch

(vi)  Auto/Off/Manual set switch as per requirement

7.14.2 STAR-DELTA STARTERS:

Automatic Star-Delta starter module shall comprise of three sets of contactors one for the line, one
for the star point and one for the delta, and a timer relay to automatically change the connections
from star to delta.

Star-Delta contactors shall be electrically interlocked to permit starting of the motor in the proper
sequence, hamely star contactor closing, line contactor closing, timer energized, timer contract de-
energizing the star contactor, and delta contactor closing.

Start-delta starter shall be suitable for Class AC 3 utilization category suitable for type-2
coordination as specified in applicable standards.

Each starter feeder shall be complete with following:

(i MPCB/MCCB as appropriate with built in Overload relay and Single phasing preventer
(i) 3 nos. Contactors

(ili)  ON-OF-TRIP indication lamps,

(iv)  Start-Stop-Reset push button

(V) Local/Remote set switch

(vi)  Auto/Off/Manual set switch as per requirement

(vii)  Electronics Timer with Relay

7.14.3 SOFT STARTER:

Soft starter panel module shall be indoor type; metal clad with separate metal enclosed
compartments for:

Q) Control, metering and current transformers for differential protection.
(i) Shorting (by pass) arrangement

(iii) Power cable termination

(iv) Push button with indicating lamps
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The enclosure of the soft starter shall have a rigid construction with adequate supports. All the
construction details shall be as specified for LT switchgear and panel.

The soft starter including all its components, protection and indication devices shall be mounted in
one support or frame. The materials of construction shall be properly prepared and treated against
corrosion.

The soft starter module shall be suitable for floor mounting and free standing type, or mounting
inside a panel.

The degree of protection shall be as specified on the soft starter specification sheets and reference
should be made to IEC529 for degrees of protection standards.

The controller must have a minimum of 100 mm free space above and below the unit and 50 mm to
the left and right of the unit to permit good air flow for cooling purposes. When forced cooling is
provided it shall cause extra pollution on the controllers electronic card.

Starter shall achieve smooth starting by torque control for gradual acceleration of the drive system
thus preventing jerks and extending the life of equipment.

Starting current shall be limited to 3.0 times the full load current of the motor.

The cable compartment shall house all power cable connections along with associated cable
terminations.

Each cubicle shall be fitted with a label in the front and rear of the cubicle, indicating the panel
designation, rating and duty. Each relay, instrument, switch, fuse and other devices shall be
provided with separate labels.

Caution name plate with inscription “Caution - Live Terminals” shall be provided at all points where
the terminals are likely to remain live and isolation is possible only at remote end, e.g. incoming
terminals of main disconnecting switch.

Starting of motor shall be either from soft starter panel located near to motor or shall be from motor
module or from PLC. Necessary wiring diagram shall be provided considering starting interlock, trip
circuit, starting and running mode signal.

7.14.3.1 Electrical Supply

The soft starter shall be suitable to operate on the mains supply system as specified in the general
requirement specification for electrical equipment.

7.14.3.2 Performance

Q) Maximum current rating: The soft starter shall have a nominal current of 1.3 times the full
current of the controlled motor for standard duty applications. (Standard duty applications
are those which do not exceed 230 seconds at 3 times the motor nominal current per hour
including starting, stopping or braking.)

e  For severe duty applications the soft starter shall be derated to suit the requirements of
the application. The manufacture is to state the maximum nominal current ratings of the
soft starter.

e Inthe case of the ambient temperature exceeding 40°C around the soft starter, the soft
starter should be derated by 1.2 % for each o C over 40°C up to 60°C maximum.

(i) Current Limit Range: The manufacture shall specify the current range of his proposed soft
starter
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(iii) Operating characteristics: The soft starter shall comply to the following operating
characteristics:

(iv) Allow the output limit current to be adjusted from 150 to 700% of the normal current rating
of the soft starter.

(V) Allow adjustable acceleration times up to 60 seconds

(vi) Digital outputs for switching reversing contracts on the motor

(vii)  Integrated thermal overload protection

7.14.3.3 Assemblies

When mounted in an enclosure, the soft starter shall be provided with a suitably rated incoming AC

Magnetic Circuit Breaker, suitable for isolation. A thermal magnetic Circuit breaker should be in the
case where the soft starter is completely by passed using a bypass contactor.

An AC contactor should be located on the incoming side of the soft starter. This contactor should be
of an AC3 type contactor for use on motor circuits.

An external operator handle is to be attached to the isolator. The drive display module is to be
located remotely from the controller on the door of the panel.

A bypass contactor, should be supplied and connected so that the AC soft starter energies this
contactor at the required time in the start cycle. If possible, thermal protection should still be
connected through the soft starter, if this is possible, a thermal magnetic circuit breaker should be
used, as discussed above.

7.14.3.4 Soft Starter Protection

The protection should be provided as specified on the Soft starter Specification Sheet. The
manufacture should supply details of all protection devices on the proposed equipment.

Fuses should be supplied for type 2 co-ordination. These should be of the fast acting type for
protection of the thyristors.

7.14.3.5 Motor Thermal Protection

Thermal overload protection should be integrated in the soft starter and should be accurate to a
maximum ambient temperature of 45°C. This thermal protection should be adjustable according to
thermal class of the application.

7.14.3.6 Start Time Too Long

The soft starter should supply protection start times exceeding the programmed start time in the
case of overloads at starting.

7.14.3.7 Temperature Exceeding 45°C

If the temperature exceeds 45°C around the motor, the provision for external protection via
thermostat probes integrated into the motor and feed back into the soft starter, is to be made
available as an input to the soft starter.

7.14.3.8 Indications and Alarms
A fault history for the soft starter protection functions shall be provided for fault indication and fault

tracing. Fault indication shall be displayed in plane test on an alphanumeric display required fault
indication shall be in accordance with soft starter Specification Sheet.
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7.14.3.9 Operation Controls:

The soft starter should be provided with local and remote control functions.
7.14.3.10 Local Control:

A control panel shall be mounted on the front of the enclosure provided with operation functions in
accordance with the soft starter Specification Sheet.

7.14.3.11 Remote Control:
Provisions shall be included in order for the soft starter to be controlled remotely in accordance with
the soft starter specification sheet. Necessary terminals for the input and output functions shall be

provided.

When the control function is changed from local to remote or the reverse the adjustments of the soft
starter shall be maintained.

The following functions shall be provided:

Q) Offloading and downloading of present parameters to the PC.
(i) Locking and unlocking parameter settings to prevent unauthorized access.

7.15 POWER CAPACITORS

7.15.1 CODES AND STANDARDS:

Title Code No.
Shunt capacitors for power systems IS: 2834 / BS: 1650
Internal fuses and internal overpressure IS: 12672

Disconnectors for shunt capacitors

Metal enclosed switchgear IS: 3427 / BSEN: 60298 / IEC: 60298

Specification for copper rods and bars for | IS: 613
electrical purposes

Code of practice for phosphating iron and steel | IS: 6005 /BS: 3189

Control transformers for switchgear and control | IS: 2021
gear voltage not exceeding 1000V AC

Current transformers 1S:2705/BS:7626

Arrangement for switchgear bus bar, main | 1S:5578/1S:11353
connections and auxiliary wiring

Degree of protection 1S:13947 — Part (1)/IEC:60947-1
Load break switches 1S:9920, IEC:129, 265, 298
Series reactor I1S:5553

Porcelain post insulators 1S:2544

7.15.2 DESIGN FEATURES

The capacitor banks shall be complete with all parts that are necessary or essential for efficient
operation accessories and shall be metal enclosed, indoor floor mounting and free standing type.
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Such parts shall be deemed to be within the scope of supply whether specifically mentioned or not.

The capacitor bank shall be complete with the required capacitors along with the supporting post
insulators, steel rack assembly, copper busbar, copper connecting strips, foundation channels,
fuses, fuse clips, etc. The steel rack assembly shall be hot dip galvanized.

The capacitors bank may comprise of suitable number of single phase units in series rack shall be
such that failure of one or more units shall not create an over voltage on the units in parallel with it,
which will result in the failure of the parallel units.

The assembly of the banks shall be such that it provides sufficient ventilation for each unit.
Necessary louvers shall be provided in the cubicle to ensure proper ventilation. Each capacitor
case and the cubicle shall be earthed to a separate earth bus in the cubicle.

Each capacitor unit/bank shall be fitted with directly connected continuously rated, low loss
discharge device to discharge the capacitors to reduce the voltage to 50 Volts within one minute in
accordance with the provisions of IS: 2834.

Bushings may be either of glass or porcelain and shall be joined to the case by solder-welded or
other method which ensures an adequate and permanent seal

Each unit active parts shall be non-inflammable dielectric immersed in suitable impregnant, self
cooled, and hermetically sealed. The impregnant shall be non-PCB (Poly chlorinated Biphenyl) oil.

Each unit shall satisfactorily be operated at 135% of rated KVAr including factors of over voltage
harmonic current and manufacturing tolerance. The units shall be capable of continuously
withstanding satisfactorily any over voltage up to a maximum of 10% above the rated voltage,
excluding transients.

Separate removable gland plates shall be provided for power and control cables. The gland plate
for the power cables shall be of non-magnetic material.

A weather-proof and corrosion-proof name plate shall be provided on each capacitor unit. The
nameplate shall contain the information set out in 1S: 2834.

7.15.3 SERIES REACTORS

The capacitor banks shall be provided with series reactors. The reactor design shall be such that
they will not be over loaded due to harmonics in the supply system. The reactor shall be:

(i Indoor type

(i) Completely sealed unit

(iii) Either dry type or non-inflammable dielectric immersed in case of indoor units
(iv) Designed to have a linear V-I-characteristic up to 150% of rated capacitor current
(V) Designed to have temperature rise within limits as specified in IS: 2026

7.15.4 UNIT PROTECTION

Each capacitor unit shall be individually protected by an HRC fuse suitably rated for load current
and interrupting capacity, so that a faulty capacitor unit shall be disconnected by the fuse without
causing the bank to be disconnected. Thus, the fuse shall disconnected only the faulty unit shall
leave the rest of the units undisturbed. A blown fuse shall give visual indication so that it may be
detected during periodic inspection. The fuse blowing time shall coordinate with the pressure built
up within the unit to avoid explosion.
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7.15.5 TEMPERATURE RISE:

The temperature rise above the specified ambient of any part of the capacitor and associated
equipment shall not exceed the maximum permissible temperature limit as specified in IS: 2834 or
its latest amendment.

7.15.6 TEST AND TEST REPORTS

All tests shall be conducted in accordance with the latest edition of IS: 2834 and in addition to any
other tests specified elsewhere in these specifications.

7.15.7 RATING PLATE:
The following information shall be given on the rating plate of each capacitor unit;

(1 Reference to IS

(i) Manufacturer's name and or trade mark
(iii) Manufacturer’s Identification Number
(iv) Rated output in KVAr

(v) Rated Voltage

(vi) Rated Frequency in Hertz

(vii)  Upper Limit of temperature category
(viii)  No. of phases

(ix) Connection Symbol

x) Discharge Device

(xi) Type of Dielectric

(xii)  Reference to Self Healing design
(xiii)  Total Weight

(xiv)  Type of Impregnant

7.16 POWER AND CONTROL CABLES

7.16.1 CODES AND STANDARDS:

Title Code No.

PVC insulated cables (for voltage up to 1100V) | IS: 694

HRPVC and PVC insulated cables heavy duty IS: 1554

Low frequency cables and wires with PVC | IEC: 60189-1 and IEC: 60189-2
insulation and sheath

Submersible Cables 1S:694-1990

Cross linked polyethylene insulated PVC | IS: 7098
sheathed cables

PVC insulation and sheath of electric cables IS: 5831

Polyethylene insulation and sheath for electric | IS: 6474

cables

Conductors for insulated electric cables IS: 8130
Method of test for cables IS: 10810
Specification for drums of electric cables IS: 10418

Specification of PVC insulated cables for | BS: 6346
electricity supply

Balance works in Ten OHSRs Zones of Water Supply system in Bhagalpur Municipal Corporation — (BWSP 01 —
Package 02)




Volume lI- Particular Specifications, Part 1 - Construction Vol Il Part 1 -126

Title Code No.

Specification for PVC insulation and sheath of | BS: 6746
electric cables

Mild steel wires, strips and tapes for armouring | IS: 3975
of cables

Recommended current ratings for cables PVC | IS: 3961 (par-Il)
insulated and PVC sheathed heavy duty cables

Aluminum conductors for insulated cables IS: 1753

Methods of testing weight, thickness and | IS: 2633
uniformity of coating on hot dipped galvanized
articles

7.16.2 DESIGN REQUIREMENTS OF CABLES

Cables shall be capable of satisfactory performance when installed on trays, trenches, ducts, and
when laid directly in the ground. Cables shall be capable of operating satisfactorily under a power
supply system voltage variation of 10%, frequency variation + 5% and a combined variation of +
10%. The size of cables to be used in various electrical equipment’s shall be in accordance with the
following design criteria. Minimum size shall be 6 sq.mm copper for power cable, 2.5 sq.mm copper
cable for small power rating equipment up to 2.2 kW motors and 1.5 sq.mm copper for control.

In assessing the rating of any cable or wire, the following factors shall be taken into account:

(i Supply voltage and frequency

(i) Maximum voltage drop permissible

(ili)  Type and magnitude of load

(iv) Fault level and duration related to circuit protection relays and fuses
(V) Circuit over current protection

(vi) Route length and disposition of cables

(vii)  Ambient temperature

(viii)  Method of installation

All power cables shall be sized for continuous current carrying capacity at the ambient temperature
of 450C. The design current of any circuit shall exceed the full load current of the supplies device by
at least 10%. For cable sizing the following factors shall be taken into consideration:

(1) Full load current

(i) Derating factor (overall) under the conditions of laying as 0.6

(iii)  Total voltage drop from LT of the transformer to MCC bus as 2% and from MCC to
individual load (motor) as 3 %

(iv) For lighting circuits, the voltage drop at the farthest end shall not exceed 5%

(V) Short circuit current and its duration as applicable viz. effective let through energy the cable
is required to withstand

Cables shall normally be laid under the following conditions:

Q) In air : Ambient temperature of 47° C

(i) In ground : Ground temperature of 35° C
(iii) Depth of laying in ground : 600 mm for LT Cables
(iv) Thermal resistivity : 120 deg. Cent cm/watt

()] In trays : Single layer touching

The cable shall withstand all mechanical and thermal stresses under steady state and transient
operating conditions.
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The Contractor, when sizing cables for the remote operation of shunt trip coils shall take due
account of the voltage drop caused by the momentary current surge taken at the instant of
energisation. HV and LV cables shall be sized for a fault clearance time of 0.5 seconds for the
incoming feeders and 0.16 seconds for switchboard feeders controlled by circuit breaker.

7.16.3 CABLE CONDUCTORS

Copper conductors shall be used for cables of sizes up to 35 Sq mm. Aluminum conductors shall
be used for cables of above 35 Sq mm. Cores of cross-sectional area greater than 1.5 mm?2 shall be
stranded. Lighting final distribution circuits shall be of a minimum cross-section of 1.5 mm?2.

7.16.4 CABLE NUMBERING

All cables shall be allocated a unique number which shall be fixed to each end of the cable using a
corrosion resistant label. Cables of different categories shall be tagged with the following
subscripts and three digit number.

HV power HV-P_ _
LV power P__
Control S
Instrumentation .
Protection PR___
Telecommunication T

7.16.5 CABLE DRUMS

Cables shall be supplied in non-returnable wooden drums. The wood used for construction of the
drum shall be properly seasoned and free from defects and wood preservative shall be applied to
the entire drum. All ferrous parts shall be treated with a suitable rust preventive coating to avoid
rusting during transit or storage.

The Bidder shall indicate in the offer, the maximum length for each size of cable, which can be
supplied on one drum. The actual length supplied on each drum shall be within tolerance limit of +
5% without any tolerance on total ordered quantity of each size of cable. However, before winding
the cables on drums, the contractor shall obtain Employer’s approval for the drum lengths.

Each drum or coil of cable shall be accompanied by a certificate stating the manufacturer's name,
cable size, and number of cores, length, result and date of tests as required in the Employer’s
Requirements. Cables manufactured more than 12 months before delivery will not be accepted. All
cables shall be delivered with cable ends effectively sealed by hygroscopic scaling caps. When a
cable is cut from a drum both ends shall be immediately sealed to prevent ingress of moisture.
Cables shall not be transported to site in loose coils but a number of short lengths of cable may be
transported on the same drum. The Contractor shall be wholly responsible for the purchase and/or
hire costs of all cable drums and for the removal of these drums from site after use.

7.17 CABLE CARRIER SYSTEM
7.17.1 GENERAL

The cable carrier system covers the supply of cable racks, cable trays and its supporting
accessories.
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7.17.2 APPLICABLE STANDARDS

Steel for general structural purposes . 1S:2062
Dimensions for hot rolled steel beam, column channel and angle sections . 1S:808
Code of practice for use of metal arc welding for general construction in mild : 1S:816
steel

Hot deep galvanizing of iron & steel o 1S:2629
Methods of testing uniformity of coating of zinc coated articles : 1S:2633
Hot dip zinc coatings on structural steel and other allied products : 1S:4759

7.17.3 CABLE RACKS AND TRAYS

() Cable racks/trays shall be fabricated from standard structural steel members

(i) All cable trays, vertical raceways, cable racks and cable tray supporting structures shall be
hot dip galvanized.

7.17.4 GALVANISING
Wherever galvanising has been specified, the hot dip process shall be used. The galvanised

coating shall be of uniform thickness. Weight of Zinc coatings for various applications shall not be
less than those indicated below:

(i) Fabricated Steel

Thickness less than 2 mm, but not less than 1.2 mm 340 gms./sg. m
Thickness less than 5 mm, but not less than 2 mm 460 gms/sg. m
Thickness 5 mm and over 610 gms/sg. m

(ii) Fasteners

Up to nominal size M10 270 gms/sg. m
Over M10 300 gms/sg. m

Galvanising shall be carried out after all drilling, punching, cutting, bending and welding operations
have been carried out. Burrs shall be removed before galvanising. Any site modification of
galvanised parts should be covered well by zinc rich primer and aluminum paint.

7.18 HV POWER CABLES GRADE XLPE INSULATED CABLES

7.18.1 DESIGN AND CONSTRUCTION

7.18.2 GENERAL.:

The design and construction of electrical power and control cables shall be in accordance with the
codes and standards as specified.

All electrical power and control cables shall have coloured cores as follows:

Cable Type Power and Control Cables
(i) Single core Red or Black
(i)  Two core Red and Black
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(i) Three core Red, Yellow, Blue
(iv) Four core Red, Yellow, Blue, Black
(v) Five cores Red, Yellow, Blue, Black , Green white numerical printed on

The black sheath is for the neutral and the other colors are for the phase conductors.

For multi-core cables (i.e. above 4 cores) for control applications, the core humbers shall be printed
each cable core for identification (i.e. nos. 1, 2, 3, 4, 5, 6, 7...upward).

All cables shall be suitable for operation under the following conditions:

Q) Directly buried in ground.
(i) Run in buried PVC, concrete or all steel ducts.
(iii) Runs fastened to cable rack or tray in open air.

The cables shall be capable of continuous operation at highest system voltage as specified with
maximum conductor operating temperature of 90° C and maximum temperature under fault
condition of not more than 250° C.

7.18.3 CONDUCTOR:

The conductors shall be of stranded, high purity copper/ annealed high conductivity copper
conductors laid up and rendered smooth and free from defects likely to injure the insulation and
conforming to IS: 8130.

7.18.4 INSULATION:

The conductor screen, XLPE insulation and insulation screen shall be extruded in one operation by
‘Triple Extrusion’ to ensure prefect bonding between the layers. The core identification shall be with
coloured strips of red, yellow and blue or by printed numerals to identify the phase conductors.

The thickness of insulation shall be decided based on the permissible electrical stress (less than 3
KV/mm)

7.18.5 INSULATION SCREEN (OVER INDIVIDUAL CORE):

The insulation screen shall consist of two parts.

Nonmetallic, semi-conducting compound extruded directly over insulation and fully bonded. A layer
of semi conducting fabric tape shall be provided over the extruded layer to give bedding to the
metallic part of screen.

7.18.6 INNER SHEATH:

For all cables having two or more cores, inner sheath shall be applied over laid cores either by
extrusion or by wrapping. The inner sheath shall be applied as circular as possible and to fit closely
on the laid up cores so that it can be removed without damage to the insulation.

The inner sheath shall be of vulcanized rubber/proofed or plastic tap and shall not be harder than
PVC used for insulation. This shall conform to requirement of types ST-2 of IS: 5831. The thickness
of sheath shall be not less than 0.7 mm

7.18.7 BINDER TAPE:

Binder tape shall be provided above metallic screen.
7.18.8 WATERPROOFING:

By means of suitable non-woven waterproofing tape under the metallic screen and plastic
laminated tape or aluminum laminated tape above to the binder tape.
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7.18.9 ARMOURING:

Armouring shall be applied over inner sheath, where specified and shall be of galvanized steel strip
as per IS 3975. The armour shall be applied as closely as possible with left hand direction of lay.
For cables having diameter over the inner sheath less than 13 mm, the armour shall be of
galvanized round steel wires or galvanized steel strips. The dimensions and resistance of armour
shall be as per IS 1554 part I.

7.18.10 OUTER SHEATH:

Extrude PVC over the metallic screen/armour shall be provided which shall conform to Type
process ST2 compound. To protect the cable against rodent and termite stack, suitable chemicals
shall be added into the PVC compound of outer sheath. In addition common covering for the three
cores, fillers etc. shall be provided. The dimension of insulation, armour and outer sheathing shall
be governed by values given in Table 1, 3 and 4 if IS: 7098 Part II.

7.18.11 SEALING AND COILING

Both ends of every length of cable shall be sealed properly immediately after tests at
manufacturer’s premises.

The cables shall be rolled on suitable wooden or steel drums. The drum shall be marked with
following:

(1 Make.

(i) Cross sectional area of the cable with no. of cores.
(iii) Voltage grade and type of cable.

(iv) Lengths of cable, weight of cable drum including cable.
(v) Direction of rotation of drum by arrow marking.

(vi) ISI certification mark.

(vii)  For all cut lengths of cables which are to be delivered to the Employer, approved sealing
caps of correct size shall be supplied and properly mounted immediately after the
respective cable length is cut.

7.18.12 INSPECTION AND TESTING:

Performance and acceptance tests for electrical power and control cables shall be carried out at
manufacturer's works which shall be witnessed by the Employer/Employer deputed by the
Employer shall be accepted. Copies of type test certificates, as per relevant standards, shall be
furnished by the Contractor along with the bid.

The required tests on the cables shall include but not limited to the following:

(1) High Voltage Test.

(i) Conductor Resistance Test.
(iii)  Armour Resistance Test.
(iv) Thickness of Insulation.

(V) Test for Flame Retardance.
(vi) Insulation Resistance Test.

7.19 1100 V GRADE XLPE INSULATED POWER CABLES

Cables shall be insulated with XLPE insulation. The inner sheath over laid up cores shall be XLPE
and outer sheath over the armour shall be extruded PVC compound type ST-1. The voltage rating
shall be 1100V and conforming to the latest IS. The cables shall be of copper conductor, stranded
grade H4 class 2 as per IS 8130.
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7.19.1 1100 V GRADE PVC INSULATED CONTROL CABLES

Cables shall be insulated with PVC. The inner sheath over laid up cores and outer sheath over the
armour shall be extruded PVC compound type ST-1. The voltage rating shall be 1100 V and
confirming to the latest IS: 1554 Part-1. The cables shall be of annealed copper conductors with a

minimum size of 1.5 sq. mm.

7.19.2 TELECOMMUNICATION CABLES:

The cables shall meet the following requirements:

0] Conductor : Solid, tinned, annealed copper
(i) Insulation : PVC insulation Type-A as per 1S:5831
(i) Twisting : The insulated conductors shall be twisted together to form

twisted pairs or quads, these shall be stranded in concentric
layers to form the cable core. The cable thus formed shall
be tightly lapped with outer wrapping tapes.

The interstices of insulated cable core shall be completely
filled with viscose compound

(iv)  Overall screening : With 0.075 mm Aluminum tape or 0.013 mm melinex tape,
overlap not less than 30%

(v)  Other details : A suitable non-magnetic rip cord shall be laid longitudinally
under the sheath. The armouring shall be of galvanised
steel wires or galvanised single steel strip. The inner PVC
sheath shall be of Type-A. The outer PVC sheath shall be
of Type ST-1.

7.20 SUBMERSIBLE CABLES

7.20.1 SCOPE

Submersible Cable shall be ISI marked three core flexible flat PVC insulated and PVC Sheathed
joint less cable conforming to IS 694:1990 (amended up to date) to be used with the submersible
pumping sets inside and outside water for working voltage up to and including 1100 volts. These
cables are to be used as cables suitable for outdoor use having bunched plain high conductivity
copper conductor conforming to IS: 8130-1984 (amended up to date) and insulated and sheathed
with PVC compound conforming to IS; 5831-1984 (amended up to date).

7.20.2 MATERIAL OF CONSTRUCTION

7.20.2.1 COPPER CONDUCTOR

The bunched conductor shall be composed of plain annealed high conductivity copper wires
complying with Class 5 of Copper Conductor as per IS 8130-1984 (amended up to date). The
nominal max. Diameter of wires and corresponding minimum number of wires in a strand and
maximum allowable resistance shall be as follows:

S. Size of | Maximum dia. & corresponding wires in a | Max. resistance of
No. | cable in sq. | core conductors at 20°
mm - - ; — centigrade
Maximum dia. in | Minimum No. of 9
S (ohms/Km.)
mm wires in core
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1 15 0.26 29 13.30
2 2.5 0.26 47 7.98
3 4.0 0.31 53 4.95
4 6.0 0.31 80 3.30
5 10.0 041 76 191
6 16.0 0.41 122 1.21
7 25.0 0.41 190 0.78
8 35.0 0.41 266 0.554
9 50.0 0.41 379 0.386

NOTE: The cross sectional area of every core should be same as per prescribed size of cable
(when calculated on the basis of dia of each wire & number of wires in a core).

7.20.2.2 INSULATION & SHEATH

The insulation shall be of PVC compound conforming to the requirement type "A' of IS 5831:1984
(Specification for PVC insulation and sheath of electric cable) (amended up to date). The
sheath shall be of PVC compound conforming to the requirement of type ST-I of 1S: 5831-1984
(amended up to date). Cores shall be identified by different coloring of PVC insulation. Colour of
cores shall be identified by Red, Yellow and Blue and the colour of sheath shall be Black only.
Three cores shall be laid side by side. Average thickness of insulation shall not be less than the
nominal value (ti) mentioned below and the smallest of measured values of thickness of insulation
shall not fall below the nominal value ti mentioned below by more than (0.1 mm + 0.1 ti).

The sheath where applicable, shall be applied by extrusion. It shall be applied over the laid up
cores. It shall be so applied that it fits closely on the laid up cores and it shall be possible to
remove it without damage to the insulation. The thickness of sheath determined by taking the
average of a number of measurements, shall not be less than the nominal value (ts) specified
below, and smallest of the measured values shall not fall below the nominal value(ts) specified
below by more than 0.2mm + 0.2 ts.

S. Size of cable (mm?) | Nominal thickness of | Nominal thickness of
No. insulation (mm) (t)) sheath ts (mm)
1 15 0.6 0.9

2 25 0.7 1.0

3 4.0 0.8 11

4 6.0 0.8 11

5 10.0 1.0 1.2

6 16.0 1.0 1.3

7 25.0 1.2 15

8 35.0 1.2 1.6

9 50.0 14 1.7
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7.20.3 TESTING

7.20.3.1 ACCEPTANCE TESTS

The following tests shall constitute acceptance tests:

S.No. Test Test method as per

(A) Annealing Test (for copper) Part No.1 of 1S:10810

(B) Conductor Resistance Test Part No.5 of 1S:10810

© Test for thickness of insulation and sheath. | Part No. 6 of 1S:10810

(D) Tensile strength and elongation at break of | Part No. 7 of 1S:10810

insulation and sheath.

(E) Insulation resistance test Part No. 43 of 1S:10810

(F) High Voltage Test Clause 16.3 of IS: 694
The cable shall withstand
without breakdown an ac
voltage of 3 kV (rms) or a dc
voltage of 7.2 kV applied for a
period of 5 minutes for each
test connection.

(G) Flammability test Clause 16.5 of IS: 694 & Part
No. 53 of IS: 10810
(The period of burning after
removal of flame shall not
exceed 60 seconds and the
unaffected (uncharged) portion
from the lower edge of the top
clamp shall be at least 50mm).

7.20.3.2 ROUTINE TESTS

The following shall constitute routine tests;

a) Conductor resistance test, and

b) High voltage test.

1. TYPE TEST

The following tests shall constitute type tests:

S.No. | Type Test For Requirements, Ref Test Method

a) Tests on Conductor
i) Annealing Test (for | IS 8130: 1984 As per Part 1 of IS:
copper) 10810
i) Resistance Test IS 8130: 1984 As per Part 5 of IS:

10810

b) Test for
dimensions

overall
and

10, 13, 14 Table 1 to 5 of

As per Part 6 of IS:
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(Water immersion test)

S.No. | Type Test For Requirements, Ref Test Method
thickness of insulation | 1S 8130: 1984 10810
and sheath
c) Physical tests  for
insulation and sheath
i) Tensile strength and | IS 5831: 1984 As per Part 7 of IS:
elongation at break 10810
i) Loss of mass test IS 5831: 1984 As per Part No.10 of
[S:10810
iii) Ageing in air oven IS 5831: 1984 As per Part No.11 of
1S:10810
iv) Shrinkage test IS 5831: 1984 As per Part No.12 of
1S:10810
v) Heat Shock test IS 5831: 1984 As per Part No.14 of
[S:10810
vi) Hot deformation IS 5831: 1984 As per Part No.15 of
1S:10810
d) Insulation resistance IS 5831: 1984 As per Part No.43 of
1S:10810
e) High voltage test 16.2 of IS 694 As per Part No.45 of

1S:10810
i) ac test

The core(s) shall be
carefully removed from
a sample approximately
3 M long from the
finished cable. They
shall be so immersed in
a water bath at 60 + 3
degree C that their ends
protrude at least 200mm
above the water level.
After 24 hours, a
voltage of 3 kV (rms)
shall be applied
between conductors
and water. This voltage
shall be raised to 6 kV
(rms)  within 10
seconds and held
constant at this value for
5 minutes. If the
sample fails in this test,
one more sample shall
be subjected to this test,
which should pass.

i) dc test
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S.No.

Type Test

For Requirements, Ref

Test Method

The cores which have
passed the preliminary
test mentioned above
shall be subsequently
tested with a dc
voltage of 1.2 kV in the
same water bath at the
same temperature.

The conductors shall
be connected to the
negative pole and water
to the positive pole of dc
supply by means of a
copper electrode. The
core shall withstand this
dc voltage test for 240
hours without
breakdown.

The voltage shall be
applied continuously,
but if there are any
unavoidable
interruptions during the
4 hours period, that
period shall be
increased by the time of
interruptions. The total
of such interruptions
shall not exceed 1
hour otherwise the test
shall be started again.

f)

Flammability test

16.5 of IS 694

As per Part 53 of IS:
10810

9)

Cold bend test for
diameter <= 12.5mm

IS 5831:1984

As per Part No.20 of
1S:10810

h)

Cold impact test for
diameter more than
12.5mm

IS 5831:1984

As per Part No.21 of
1S:10810

Additional ageing test

16.6 of IS 694

Ageing of Sample

A sample, 6m long of
the finished cable
shall be suspended in
a heating chamber and
exposed to a
temperature of 80 + 2
degree C during a
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S.No. | Type Test For Requirements, Ref Test Method

period of 168 hours.
Immediately after this,
the sample shall be
placed in a bath of
boiling water for a
period of 8 hours and
in a water bath at 25°
C for 16 hours. This
procedure  shall be
repeated on 5
successive days. The
ends of the sample shall
protrude at least 200mm
above the water level.

Testing and Evaluation

A sample, 5m long,
taken from the
conditioned sample
shall be tested for
high voltage test in
accordance with clause
16.3 of IS 694:1990.
The test has however,
to be carried out on the
finished cable and in a
water bath at 60 + 3

degree C.
The remaining
conditioned sample

shall be submitted to
cold bend and cold
impact test as
appropriate.

The contractor shall produce above test certificates from the manufacturer with each lot of cables
brought to site.

6.  The cable shall carry following information and contained in label attached to pump set:
a) Reference to IS 694

b) Manufacturer's Name, Brand Name of trade mark.

c¢) Type of Cable and Voltage grade.

d) Number of Cores.

e) Nominal core sectional area of conductor.

f) Length of Cable.

g) Cable code (yy)

h) Year of Manufacture.

i) No. of wires in a core
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The manufacturer shall identify throughout the length of Cable the Manufacturer's name or trade
mark by means of embossing on the cable. The distance between any two consecutive printing or
embossing should not be more than one meter. The cable shall also be marked with standard
mark.

7.21 CABLE TRAYS
7.21.1 MOUNTING — GENERAL NOTES

Unless otherwise specially mentioned on the relevant drawings, all cable tray mounting works to be
carried out as per notes given here.

Cable tray mounting arrangement type shall be marked on the layout drawing. Assembly of cable
tray mounting structure shall be fabricated, supplied, erected and painted by the electrical sub-
contractor. Civil sub-contractor will provide plate inserts in floor slabs at 1000mm spacing for cable
tray mounting structure.

Cable tray mounting structure shall be welded to the plate inserts or to the structural beams.
Wherever embedded plates and structural beams are not available for welding the cable tray
mounting structure, the Contractor shall supply the MS plate and fix it to floor slab by anchor
fasteners of minimum dia. 16mm having holding power of 5000 Kg .

The spacing between cable tray mounting structures shall be 1000mm for horizontal straight runs of
cable tray. The minimum loading on a support arm shall be 120kg/M of the cable run.

Width of the horizontal arms of the mounting structures to be same as the tray widths required in
cable layout drawings plus length required for welding to the vertical supports (maximum tray width
will be 900mm) except where shown otherwise:

Q) Spacing between horizontal support arms of vertical cable tray runs: 300 mm.

(i) Minimum clearance between the topmost tray tier and structural member: 300 mm.

(iii) Minimum vertical clearance below the bottom of the lowest cable tray tier and any structural
member: 300 mm.

The length of the vertical supporting members, for horizontal cable tray runs, will be to suit the

number of cable tray tiers required in the cable layout drawings. Cable trays will be welded to tray

mounting supports.

All structural steel supplied by the Contractor and exposed surface of embedded steel for cable tray

mountings and shall be painted as follows:

(1) For indoor installation: One coat of red oxide zinc chromate primer and two coats of
synthetic enamel paint.

(i) For outdoor installations: Painting with coats epoxy based paint.

Where any cut of holes are made or welding is done on finished steel work these steel work shall
be painted by the manner specified above.

7.21.2 FABRICATION WORK

MS channels/angles of requisite size shall be used for cable tray supports, push button station
mounting frames, panel frames etc. The fabricated work shall be provided with two coats of zinc
rich red oxide primer and 2 coats of enameled paint of approved color. The scope of fabrication
work includes supply of necessary hardware viz. anchor fasteners, MS base plate etc.

7.21.3 CABLE TRAYS — CONSTRUCTION NOTES

Cable trays of ladder and perforated types and the associated accessories such as coupler plates,
tees, elbows etc. shall be hot dip galvanized from 12 gauge (2.5 thick) mild steel sheets. Cable
trays covers shall be fabricated from 16 gauge (1.70 mm thick) MS sheets.

The cable trays to be supplied in standard lengths of 2500 mm and clear inside width of trays shall
be as follows:

Q) Perforated type trays: 150,300,450 and 600 mm

Balance works in Ten OHSRs Zones of Water Supply system in Bhagalpur Municipal Corporation — (BWSP 01 —
Package 02)




Volume lI- Particular Specifications, Part 1 - Construction Vol Il Part 1 -138

(i) Ladder type trays : 300,450, 600 and 900 mm

The spacing of rungs for ladder type of trays to be 250 mm unless otherwise noted.

All finished cable trays and accessories etc. shows are typing not cover the entire range of the
same. Fabrication of accessories shall be free from sharp edges and corners, burrs and
unevenness.

The details of accessories etc. shows are typical and do not cover the entire range of the same
fabrication of accessories not covered here shall be done with the help of relevant project drawings.

7.21.4 CABLE TRAYS — INSTALLATION NOTES

Unless otherwise specifically mentioned, all cable tray mounting works shall be carried out as per
approved drawings. The type and size of tray to be used will be as mentioned in the individual
layout drawings.

The maximum size of cable tray when used in trenches shall be of 600 mm width.

Cable trays shall be welded to the mounting/ carrier structures. Vertical trays (raceways) and all
outdoor cable trays shall be provided with removable 16 gauge painted MS sheet covers.

Each continuous laid out length of cable tray shall be earthed at minimum two places by MS flats of
minimum size 25x3mm (unless otherwise noted) to the main earthing grid, the distance between
points shall not exceed 10 meters.

The following shall be checked before laying the cables on trays:

(i) Check for proper painting and identification nos. of the tray

(if) Check for continuity of power and control cable trays over the entire route

(iii) Check that all sharp corners, burrs and waste materials have been removed from the tray
7.21.5 CABLE — INSTALLATION NOTES

7.21.5.1 General:

These notes in general cover cables up to and including 66kV rating

Electrical installation work shall comply with all currently applicable statues, regulations and safety
modes in the locality /country where the installation is to be carried out.

Installation of cable shall include, unloading , storing , laying , fixing, jointing, termination, supply of
glands and lugs and all other work necessary for completing the job.

Cables will be installed in trenches, trays, racks, conduits, and duct banks or directly buried. The
actual cable layouts will be shown on the relevant project drawings. Any changes, if necessary,
after obtaining prior approval of the Purchaser/Employer shall be carried out at site by the
Contractor and shall be clearly marked by him on project drawings and forwarded for approval of
the Employer.

Cable to each circuit shall be laid in continuous length, cable jointing, and splicing shall be done
after obtaining site Employer’s permission.

7.21.5.2 Outdoor Cable Installation

Outdoor cables, for interplant cabling, shall be laid in built up RCC trenches, unless approved
otherwise by the Employer. Cable trays of adequate width and multi-tier formation as required for
cabling shall be installed in cable trenches. Adequate walkway space of minimum 500 mm width
shall be provided inside the cable trenches for the purpose of cable installation and future
maintenance / inspection. Adequate slope shall be provided to the cable trench bottom to drain
away rain water accumulated inside the trench. Trench top, however, shall be leveled throughout.

Precast RCC covers with lifting facility shall be provided to cover the built up trenches.

In specific cases allowed by the Employer, cables shall be directly buried in ground as follows:

Q) Cables laid in ground shall be laid on a 75 mm riddled earth bed. The cables shall then be
covered on top and at their sides with riddled earth of depth of about 150mm. The RCC
covers shall have one hole at each end, to tie them to each other with GI wires to prevent
displacement. The trench shall then be backfilled with the excavated soil and well rammed
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in successive layer of not more than 300mmm in depth, with the trenches being watered to
improve consolidation wherever necessary. To allow for subsidence, it is advisable to allow
a crown of earth not less than50 mm in the center and tapering towards the sides of the
trench.

(i) Cable route markers shall be provided at every 20 meters. At least one marker shall be
provided if the length of the buried cable is less than 15 meters. Buried cables in trefoil
formation shall be bound by plastic tapes of 1mm dia. Nylon cord every 750 mm.

(iii) Joint markers at each joint location shall identify joints in directly buried cables.

(iv) In each outdoor cable run, some extra cable length shall be kept at a suitable point to
enable a straight through joint to be made should the cable develop fault at a later date.

(V) Where cables cross roads and water, oil, gas or sewage pipes, the cables shall be laid in
RCC hume pipes of minimum length 1000mm subject to an overlap of minimum 50mm.For
road crossing, the pipe for the cable shall be buried at not less than 600mm unless
otherwise noted in the drawings.

7.21.5.3 Cables in Trays - on Racks

Different voltage grade cables shall be laid in separate trays when trays are arranged in tiers. HT
cables shall be laid in top trays and cables of subsequent voltage grades in lower tiers of trays.
Minimum distance between HT and LT power cable shall be 500mm, between HT power and
control cable shall be 500mm and between LT power and control cable shall be 300mm. The sizing
of cable tray shall provide a minimum 25% spare capacity. The tray shall be run at least 150mm
clear of mechanical services.

7.21.6 TERMINATION CLAMPING AND MISCELLANEOUS DETAILS

Cable entry to motors, push button stations and other early electrical devices shall be from the
bottom as far as possible or from the sides. Top entry shall be avoided particularly for outdoor
equipment.

Identifications tags made from aluminum sheet shall be attached to each end of each cable by
means of Gl binding wire. Tags shall be additionally put at an interval of 30 meters on long runs of
cables and in pull boxes.

All cable terminations shall be solder less crimping type. The crimping tools shall be adequate for
lug sizes.

Each cable entry into a terminating box shall be made through a suitable gland.

7.22 TESTING AND COMMISSIONING OF CABLES

Cables shall be checked for insulation resistance before and after jointing. The voltage rating of the
meggers for the cables of different voltage grades shall be as indicated below:

Voltage grade of cable Megger Rating

1.1 kV 500v

3.3kv,6.6kV and 11kV 1000v

22kv and 33kv 2.5kv MotorisedMegger

7.22.1 TESTING OF CABLE INSTALLATION

DC test voltages after installation (before commissioning) (REF IS: 1255-83)

DC test voltages for cables is 1.5 times rated voltage.

In each test, the metallic sheath /screen /armor should be connected to earth.

Continuity of all the cores, corrections of all connections as per writing diagrams, correctness of
polarity and phasing of power cables and proper earth connection of cable gland, cable boxes,
armour and metallic sheath shall be checked.
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7.22.2 INSPECTION AND TESTING:

7.22.2.1 General:
The cables shall be tested in accordance with the 1S: 1554/7098. The tests shall include:

() Test for conductor

(i) Test for thickness of insulation
(iii) Test for laying up

(iv) Test for thickness of laying up

(V) Test for thickness of inner sheath
(vi) Test for armouring

(vii)  Test for thickness of outer sheath.

7.22.2.2Test Equipments:

Contractor shall ensure to use calibrated test equipment having valid calibration test certificate from
standard laboratories traceable to National Standards.

7.22.2.3 Pre-commissioning tests at site:

After successful installation of LV cables, the cables shall be tested at site performing following
tests: LV cables- Insulation resistance test.

7.23 LIGHTING SYSTEM
7.23.1 LIGHTING GENERAL

Q) The Lighting system shall include the following items.

e Lighting fixtures complete with Lamps and accessories
¢ Lighting system equipment

= Light control switches, receptacle units with control switch units, lighting wires,
conduits and other similar items necessary to complete lighting system

= Lighting fixture supports, street lighting poles and flood light towers
= Main Lighting distribution board, lighting panels.

= Multi core cables for street, boundary and flood lighting .

(i)  DC Emergency Lighting shall be provided for Control rooms of Switchyards, Switchgear
and Control room of Pump houses.

Electrical installation work shall comply with all currently applicable standards, statues, regulations
and safety codes in the locality/ country where the installation is to be carried out. Installation of
lighting system shall be carried out generally as per the instructions in this document and typical
drawings and relevant project layout drawings to be furnished by the Contractor.

The scope of installation shall include storing, unpacking, fixing of all items associated with lighting
system, laying and fixing conduits, wiring, termination, testing, commissioning and all other work
items necessary for completing the job. The supply of all mounting accessories hardware
,consumables like fixing saddles at the fixture fixing/suspension points, connectors, jointing
ferrules, all fixing brackets, screws and studs and earthing wires shall be deemed to be include in
the scope of installation work.

Lighting panel, distribution boards, fixtures, fans, receptacles, switches, shall be located as per the
Employer approved layout drawings. Any changes if necessary after obtaining prior approval of the
Employer, shall be carried out at site by the Contractor and shall clearly marked him on the project
drawings and forwarded to for purchaser’s approval.

The required conduits for lighting wiring shall be suitably routed at site by the Contractor with due
considerations to a neat layout and ease of maintenance.
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Unless specifically noted otherwise, lighting panels, light control switches and receptacles shall be
installed at the following mounting heights from finished floor / ground levels:

Q) Lighting panels: 1200 mm to bottom of the panel

(i) Light control switches: 1200 mm

(iii) Receptacles units: 500 mm for indoor and 1000 mm for outdoor.

7.23.2 CODES AND STANDARDS

The design, manufacture and performance of equipment shall conform to the latest standards

specified below:

7.23.3 LIGHTING FIXTURES & ACCESSORIES

Electrical lighting fittings general and safety
requirements

Code of practice for industrial lighting
Calculation of co-efficient of utilisation

Industrial lighting fittings with metal reflectors
Decorative lighting outfits

Dust proof electric lighting fittings

Dust tight electric lighting fittings

Flood lights

Luminaries for street lighting

Water tight electric lighting fittings

Bayonet lamp holders

Edison screw lamp holders

Bi-Pin lamp holders for tubular fluorescent lamps
Starters for fluorescent lamp

Holders for starters for tubular fluorescent lamps
Ballast for use in fluorescent lighting fittings
Transistorized ballast for fluorescent lamps
Ballast for HP mercury vapour lamp

Capacitors for use in fluorescent HPMV & LP
sodium vapour discharge circuits

Vitreous enamel reflector for tungsten filament
lamp

Tubular fluorescent lamps

High pressure mercury vapor lamps
Tungsten filament general electric lamps
Cast acrylic sheets for use in Luminaries

Screw less terminal and electrical connections for
lighting fittings

IS: 1913/ BS:4533

IS: 6665

1S:3646 (Part - 111)

IS: 1777

IS: 5077

IS: 4012

IS: 4013

1S:10322/BS:4533

IS:10322 Part 5

IS:3553/ BS:4533,5225(1)
IS:1258/BSEN:1184/IEC:60061
IS:10276/BSEN 60238

1S:3323

IS:2215/BSEN 60155

1S:3324/ BSEN 60400

IS: 1534 (Part 1)/BSEN 60920& 60921
IS:7027

1S:6616

IS:1569/ BSEN 61048 & 61049 /IEC:
60586

1S:8017

IS:2418 (Part —1) /BSEN 60081
IEC:60081

1S:9900/BS:3677/ IEC:60188
IS:418/IEC:60432

IS:7569

1S:10322
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High pressure sodium vapor lamps
Emergency lighting units

Ignition proof enclosures, dust-tight for
Electrical Equipment

Luminaries
7.23.4 LIGHTING SYSTEM EQUIPMENT

Arrangement for bus bar, main connections
and auxiliary wiring and marking

Enclosed distribution fuse boards and cutouts for
voltages not exceeding 1000V

General requirements for switchgear and control
gear for voltages not exceeding 1000 V

Code of practice - installation and
Maintenance of switchgear

Factory built assemblies of switchgear and control
gear for voltages up to and including 1000 V AC
and 1200 V DC

Miniature air break circuit breakers for AC circuits
HRC cartridge fuse links up to 650 V

‘D’ Type fuses

Current transformers

Voltage transformers

Direct acting electrical indicating Instruments
A.C. electricity meters

Electrical relays for power system protection
Switches for domestic and similar purposes
Three pin plugs and socket outlets

Boxes for enclosure of electrical accessories
Rigid steel conduits for electrical wiring
Accessories for rigid steel conduits for electrical
wiring

Flexible steel conduits for electrical wiring

Rigid non-metallic  conduits for electrical
installations

Fittings for rigid non-metallic conduits

PVC insulated cables for working voltages up to
and including 1100 V

Tubular steel poles

Specification for copper rods and bars for electrical
purposes

1S:9974
1S:9583
1S:11005

1S:10322 (Part | to V)

IS:5578/ 11353/BS:159

IS:2675/ BSEN 60439

1S:13947

1S:10118/BS:6423,
BS 6626, BS 6867

1S:8623/BS-5486/ IEC:60439

1S:8828/ BSEN 60898
1S:9224/BS:88/ IEC:60269
1S:8187

1S:2705/BS:7626/ IEC:60185
1S:3156/BS:7625/ IEC:60186
1S:1248/BS:89/IEC:60051
1S:722/BS 5685
1S:3231/BS:142/IEC:60255
1S:3854/BS:3676
1S:1293/BS:546

1S:5133(1)

1S:9537/BS:31
1S:3837/BS-31

1S:3480
1S:9537/BS:4607(2)

1S:3419/BS:4607(2)
1S:694

1S:2713
1S:613
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Code of practice for phosphating iron and steel 1S:6005/ BS:3189
Fittings for rigid steel conduits for electrical 1S:2667
wiring

7.23.5 LIGHTING FIXTURES (LUMINARIES)

Q) Luminaries shall be designed for continuous trouble-free operation without reduction in
lamp life or without deterioration of materials and internal wiring. Outdoor fittings shall be
weather-proof and rain-proof type.

(i) The Luminaries shall be designed so as to facilitate easy maintenance, including cleaning,
replacement of lamps/starters etc.

(ili)  Connections between different components shall be made in such a way that they will not
work loose by small vibration.

(iv) For each type of Luminaries the Contractor shall furnish the utilisation factor tables to
indicate the proportion of the light emitted by the bare lamps which falls on the working
plane.

()] All Luminaries shall be supplied complete with lamps suitable for operation on a supply
voltage with the variation in supply voltage, frequency and combined voltage and frequency
of £10%, +5% and +10% respectively.

(vi) The Luminaries and accessories shall be designed to have low temperature rise. The
temperature rise above the ambient temperature shall be as indicated in the relevant
Standards.

(vii)  Fluorescent type, mercury vapour and sodium vapour type Luminaries shall be complete
with accessories like lamps, ballasts, power factor improvement capacitors, starters, re-
wirable fuse and fuse base. These shall be mounted as far as possible in the luminaries
housing only. If these cannot be accommodated integral with the Luminaries then a
separate metal enclosed control gear box shall be included to accommodate the control
accessories together with a terminal block suitable for loop-in, loop-out connections.
Outdoor type fixtures shall be provided with outdoor type weather-proof box.

(viii)  Fluorescent type Luminaries with more than one lamp shall be provided with capacitors
connected in lead-lag circuit for correction of stroboscopic effect.

(ix) Each luminaries shall have a terminal block suitable for loop-in, loop-out and T-off
connection by 250/400 V, 1 core, PVC insulated copper/aluminum conductor wires up to 4
sg.mm in size. In outdoor areas the termination at the luminaries shall be suitable for 1100
V, PVC insulated, copper/aluminum conductor, armored cables of sizes up to 6 sg.mm
conductor. Terminals shall be of stud or clamp type. The internal wiring should be
completed by means of standard copper wire of minimum 1 sq.mm size and terminated on
the terminal block. Terminal blocks shall be mounted with minimum two fixing screws.

(x) Mounting facility and conduit knock-outs for the luminaries shall be provided.
(xi) Earthing

e Each luminaries shall be provided with an earthing terminal suitable for connection to
the earthing conductor of 12 SWG Gl wire.

o Where separate control gear box is provided for housing the accessories the same shall
be provided with an earthing terminal suitable for connecting earthing conductor of 12
SWG Gl wire.

o All metal or metal enclosed parts of the luminaries/control gear box shall be bonded and
connected to the earthing terminal so as to ensure satisfactory earthing continuity.

(xii)  Painting/Finish

o All surfaces of the Luminaries/Control gear box housing accessories shall be thoroughly
cleaned and degreased. It shall be free from scale, rust, sharp edges and burrs.
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e When enamel finish is specified, it shall have a minimum thickness of 50 microns for
outside surface and 38 microns for inside surface. The finish shall be non-porous and
free from blemishes, blisters and fading.

e The Iluminaries housing shall be stove-enameled/epoxy stove-enamelled-vitreous
enameled or anodized as indicated under various types of fittings.

e The surface shall be scratch resistant and shall show no sign of cracking or flaking
when bent through 90 deg. over 1/2” dia. mandrel.

e The finish of the luminaries shall be such that no bright spots are produced either by
direct light source or by reflection.

e External control gear box provided for housing accessories shall be painted or
galvanised.

e Flame Proof Fittings: These fittings shall be suitable for installation in hazardous areas
containing ethane (CHs), CO, H2S and CO: gases shall be suitable for zone |
application.

7.24 INDUSTRIAL LUMINARIES

7.24.1 FLUORESCENT LUMINARIES

(i)

(i)

(i)
(iv)

The luminaries shall be provided with CRCA sheet steel mounting rail with reflector of
minimum 20 SWG thickness and complete with all control accessories mounted on it. The
finish shall be vitreous enameled.

Luminaries shall be suitable for the number of lamps of specified wattage, direct mounting
on ceiling/wall/column/pendent mounting.

The distribution of light shall be such that at least 80% of the total luminous flux from the
luminaries shall be in the lower hemisphere.

The luminous output of the luminaries with reflector shall not be less than 75% irrespective
of type of reflector used.

7.24.2 INCANDESCENT/ MERCURY VAPOUR/ SODIUM VAPOUR LUMINARIES

7.24.2.1 Bulk Head Luminaries

(i)

(ii)

The luminaries shall be of robust construction, with cast aluminum/vitreous enameled
housing, heat and shock resistant prismatic or clear glass cover fixed with neoprene
gaskets for sealing. For mechanical protection to the glass cover, round steel wire-guard
with vitreous enameled finish shall be provided.

The luminaries shall be suitable for incandescent lamp up to 150 watts, for direct mounting
to ceiling/wall/column and used for general purpose indoor lighting.

7.24.2.2 High and Medium Bay Luminaries

High and medium bay luminaries shall be with cast aluminum housing, anodised aluminum mirror
polished reflector canopy with eye bolt for suspension, cooling fins and glass cover.

(i)

(ii)

The luminaries shall be suitable for mercury vapour lamps up to 1000 watts and sodium
vapor lamps up to 400 watts. The control gear accessories shall be mounted integral with
the luminaries.

High bay luminaries shall be used when the mounting height is above 8m while medium
bay luminaries shall be used when the mounting height is around 6 to 8m.
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7.24.3 FLOOD LIGHT LUMINAIRE

7.24.3.1 General purpose flood light luminaire

(i)

(i)
(iii)
(iv)

V)
(vi)
(vii)

Flood light luminaries shall be of weather proof construction with cast aluminium housing,
anodized aluminum mirror polished reflector, heat resistant, toughened glass cover and
necessary neoprene gaskets to prevent ingress of dust.

The housing shall be supported on a cast iron base and capable of being swivelled in both
horizontal and vertical directions and locked in any desired position.

For focussing purposes, knobs, shall be provided along with sector plate indicating the
angle in degrees between 0 and 90 deg. in vertical direction.

The Luminaries shall be suitable for single and dual mercury vapor or sodium vapor lamps
up to 400 watts, incandescent lamps upto 1000 watts or halogen lamps upto 1000 watts.
When mercury vapor or sodium vapor lamps are specified, the same shall be mounted in a
separate sheet metal enclosed/cast aluminum weather proof control gear box.

The luminaries shall be provided with cable gland on the canopy in down ward direction for
cable connection.

It shall be possible to adjust the lamp position to achieve wide beam, medium beam or
narrow beam.

It shall be possible to replace the lamp from the canopy without opening the front glass.

7.25 OUTDOOR LANTERN LUMINARIES

7.25.1 POST TOP LANTERN

(i)
(ii)

(i)

Top lantern Luminaries shall be generally outdoor weather proof type for illumination of
walkways, gate posts, gardens etc.

The luminaries shall have cast aluminum spigot of 50/60 diameter finished with corrosion
proof paint for mounting, opal acrylic or high density polyethylene (HDP) diffuser bowl,
complete with integral mounted control gear, neoprene gaskets, earthing terminal etc.

The luminaries shall be suitable upto 200 W incandescent lamp, 125 W mercury vapour
lamps or 70 W sodium vapor lamp.

7.25.2 SUB-STATION LANTERN

(i)
(i)

(i)

Sub-station lantern shall be generally outdoor weather proof type for illumination of
switchyard equipment.

The luminaries shall have cast aluminum housing finished with corrosion proof paint, spigot
for mounting on pole, prismatic glass refractor dome to give distribution of light in horizontal
plane, anodized aluminum reflector to give light distribution at an angle 20 to 40 degrees,
above the horizontal plane, complete with integral mounted control gear, neoprene gaskets,
earthing terminal etc.

The Luminaries shall be suitable up to 200 watts incandescent lamp, 125 W mercury vapor
lamp or 70 W sodium vapour lamp.

7.25.3 STREET LIGHTING LUMINARIES

7.25.3.1 Fluorescent Luminaries

(i)
(ii)

(iii)

Street lighting fluorescent luminaries shall be outdoor weather proof type for illumination of
secondary roads, walkways, peripheral lighting of buildings etc.

The luminaries shall be of semi-cut off or non-cut off type, with CRCA sheet steel housing,
vitreous enameled, plain or corrugated clear acrylic cover, complete with integral mounted
control gear, neoprene gaskets, side pipe entry or top suspension type.

The luminaries shall be suitable for 1 x 40 watts or 2 x 40 watts fluorescent tubes and for
mounting heights up to 4m.
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7.25.3.2 Mercury vapour and sodium vapourluminaires

(i)
(i)

(iii)

Street light mercury/sodium vapour luminaires shall be outdoor weather proof type for
illumination of main roads, traffic islands etc.

The luminaries shall be of semi-cut off with cast aluminum housing, acrylic or prismatic
cover, polished aluminum reflectors, complete with integral mounted control gear, neoprene
gaskets and with rear pipe entry.

The luminaries shall be suitable up to 400 watts mercury or sodium vapour lamps and for
mounting heights from 4 meters to 12 meters.

7.25.3.3 Portable Emergency Light Luminaries

(i)

(ii)

(iii)

(iv)

Emergency light of Installite luminaries shall be indoor type for providing emergency light
during failure of normal AC supply.

The luminaries shall be with CRCA sheet steel enclosure, complete with metallised mirror
reflector, leak proof re-chargeable battery rated for two hour discharge, battery charger,
charger-on lamp, push button switches, automatic changeover switch/relay, two meter
length cord with plug, mounting pads and other accessories required for satisfactory
operation of the luminaries.

The luminaries shall be suitable for connection to 240 V, 50 Hz single phase supply. On
failure of normal A.C. supply the luminaries shall pick-up automatically and on restoration of
A.C. supply the luminaries shall switch off automatically.

The luminaries shall be suitable for incandescent lamp upto 40 W or fluorescent lamp upto
20W.

7.25.4 ACCESSORIES FOR LUMINARIES

7.25.4.1 Reflectors

(i)

(ii)

(iii)

(iv)

The reflectors shall be made of CRCA sheet steel/aluminum/silvered glass/chromium
plated sheet copper as indicated for above mentioned luminaries.

The thickness of steel/aluminum shall comply with relevant standards. Reflectors made of
steel shall have vitreous enameled finish. Aluminum used for reflectors shall be
anodized/epoxy stove enameled/mirror polished. The finish for the reflector shall be as
indicated for above mentioned fittings.

Reflectors shall be free from scratches or blisters and shall have a smooth and glossy
surface having an optimum light reflecting coefficient so as to ensure the overall light output
specified by the Contractor.

Reflectors shall be readily removable from the housing for cleaning and maintenance
without disturbing the lamps and without the use of tools. They shall be securely fixed to
the housing by means of positive fastening device of captive type.

7.25.4.2 Lamp/Starter Holders

(i)

(ii)

(iii)

(iv)

Lamp holders shall have low contact resistance, shall be resistant to wear and shall be
suitable for operation at the specified temperature without deterioration in insulation value.
They shall hold the lamps in position under normal condition of shock and vibration met
with under normal installation and use.

Lamp holders for the fluorescent lamps shall be of the spring loaded bi-pin rotor type. Live
parts of the lamps holder shall not be exposed during insertion or removal of lamp or after
the lamp has been taken out. The lamp holder contacts shall provide adequate pressure
on the lamp cap pins when the lamp is in working position.

Lamp holders for incandescent, mercury vapour and sodium vapour lamps shall be of
Edison Screw (E.S.) type.

The starter holders shall be so designed that they are mechanically robust and free from
any operational difficulties. They shall be capable of withstanding the shocks met within
normal transit, installation and use.
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7.25.4.3 Ballasts

0] The ballasts shall be designed to have a long service life and low power loss. The ballasts
shall be of the inductive, heavy duty type copper wire wound, filled with thermosetting,
insulating, moisture repellent polyester compound filled under pressure or vacuum.
Ballasts shall be provided with taps to set the voltage within the range of variation in supply
voltage of +10% of 240 V. End connections and taps shall be brought out to a suitable
terminal block rigidly fixed to the ballast enclosure. Ballasts shall be free from hum and
such of those which produce hum shall be replaced by Contractor free of cost.

(ii) Ballasts shall be mounted using self-locking, anti-vibration fixings and shall be easy to
remove without demounting the fittings. They shall be in dust tight, non-combustible
enclosures.

(iii) Separate ballast for each lamp shall be provided in case of multi lamp luminaires, except in

the case of 2 x 20 Watts luminaries.

7.25.4.4 Starters

0] Starters shall have bimetal electrodes and high mechanical strength. Starters shall be
replaceable without disturbing the reflector or lamps and without the use of any tool.
Starters shall have brass contacts and radio interference capacitors.

7.25.4.5 Capacitors

0) The capacitors shall have a constant value of capacitance and shall be connected across
the supply of individual lamp circuits.

(i) The capacitors shall be suitable for operation at specified supply voltage conditions and
shall have a value of capacitance so as to correct the power factor of their corresponding
lamps circuit to the extent of 0.95 lag or better.

(i) The capacitors shall be hermetically sealed preferably in a metal enclosure to prevent
seepage of impregnant and ingress of moisture.

7.25.4.6 Lamps

0] Lamps shall be capable of withstanding small vibrations and the connections at lead in
wires and filaments/electrodes shall not break under such circumstances.

1. Incandescent lamps

0) General Lighting Service (GLS) lamps shall be tungsten filament incandescent type. The
filament shall be coiled coil type rated for 230/250 volts, Single phase A.C.

(i) Lamps shall be with Edison Screw type metal lamp caps to prevent pilferage.
(iii) Lamps shall be milky white for diffused, soft, glare free lighting and rated up to 100 watts.
2. Fluorescent Lamps

(@ Fluorescent lamps shall be low pressure mercury vapour type with low wattage
consumption and high efficiency and longer burning life (about 2500 hours).

(i) Lamps shall be of white light type suitable for operation on 240 V, single phase A.C. in
standard lengths of 2, 4 and 5 feet and ratings up to 65 watts.

(iii) Lamps shall be provided with features to avoid blackening of lamp ends.

3. High Intensity Discharge lamp

These lamps include high pressure mercury vapor lamps and high pressure sodium vapor lamps.

0] High pressure mercury vapor lamps shall be with quartz discharge tube, internal coated

shell, quick restrike time (of within 5 minutes) and with burning life (about 5000 hours) in
standard ratings up to 1000 watts.
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(ii)

High pressure sodium vapor lamps shall be with polycrystalline translucent, coated
discharge tube, coated shell, quick restrike time (of within 5 minutes) and with burning life
(about 10,000 hours) in standard ratings up to 400 watts

7.26 LIGHTING SYSTEM EQUIPMENT

7.26.1 MAIN LIGHTING DISTRIBUTION BOARD AND LIGHTING PANELS (AC & DC)

7.26.1.1 Constructional Features:

(i)

(ii)

(iii)

(iv)

(v)

(vi)
(Vi)

Boards and panels shall be sheet steel enclosed and shall be fully dust and vermin proof,
providing a degree of protection of IP 52. Outdoor panels shall in addition be completely
weather-proof with a sloping canopy for protection against rain and providing a degree of
protection of IP 55. The sheet steel used for frame, frame enclosures, doors, covers and
partitions shall be cold rolled 2 mm thick.

All boards and panels shall be provided with hinged doors for access to equipment. Doors
shall be gasketted all round with neoprene gaskets. For the main floor mounted distribution
boards with the switch fuse units arranged in tier formation, the hinged door of each unit
shall be interlocked so as to prevent opening of the door when the switch is ON and to
prevent closing of the switch with the door not fully closed. However, a device for by-
passing the door interlock shall be provided to enable the operation of the switch with the
door open, when necessary, for examination/maintenance. For wall mounting 1-phase
ways lighting panels when provided with MCBs, a hinged, latched front door shall be
provided with key-locking facility and a slotted Bakelite sheet shall be provided inside. Only
the MCBs operating knobs or the fuse cap covers shall project out of the Bakelite sheet
slots for safe operation and neat appearance. Incomer to lighting panels shall be provided
with TPN MCB with ELCB.

All accessible live connections/metals shall be shrouded and it shall be possible to change
individual fuses, switches, MCBs from the front of the boards/panels without danger of
contact with live metal.

For floor mounting type distribution boards, adequately sized mounting channels shall be
supplied and for wall/column/structure mounting type panels suitable mounting straps shall
be provided.

Adequate interior cabling space and suitable removable cable entry plates shall be
provided for top/bottom entry of cables through glands and or conduits as required.
Necessary number of glands to suit the specified cable sizes shall be provided. Cable
glands shall be screwed on type and made of brass.

Two earthing terminals shall be provided to suit the earthing conductor.

All sheet steel parts shall undergo rust-proofing process which should include degreasing,
de-scaling and a recognized phosphating process. The steel works shall then be painted
with two coats of Zinc - chromate primer and two coats of final stove-enameled finish paint
of specified colour.

7.26.1.2 Bus bar:

(i)

(ii)

(iii)

(iv)

v)

Bus bar shall be of copper conductor of hard drawn (HD) and high conductivity. Bus bar
shall be fully insulated by encapsulation in epoxy resin with moulded caps protecting all
joints.

Bus bar shall be provided with at least the minimum clearances in air as per applicable
standards for 500 V, 3 phase system.

Bus bar shall be adequately sized for the continuous current rating such that the maximum
temperature of the bus bar, bus bar risers/droppers and contacts does not exceed 85° C
under site reference ambient temperature.

The bus bar, bus bar connections and bus bar supports shall have sufficient strength to
withstand thermal and electro-mechanical stresses of the fuse/MCB’s let through/cut-off
current associated with the specified short-circuit level of the system.

Busbar supports shall be made from suitable insulating material such as Hylam sheets,
glass reinforced moulded plastic materials, permali wood or cast resin. Separate supports
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(Vi)

shall be provided for each phase of the bus bar. If a common support is provided for all
three phases, anti-tracking barriers shall be incorporated.

The neutral bus of the main 3 phase, 4 wire distribution board shall be rated not less than
50% of the phase bus bar. The neutral bus of the 1 phase ways lighting panel shall be
rated same as the phase bus bar. The neutral bus should have sufficient terminals and
detachable links for full number of single-phase outgoing lighting circuits.

7.26.1.3 Panels/Boards’ Component Equipment
7.26.1.3.1 Switches/Miniature Circuit Breakers (MCB)

(i)

(ii)

(iii)

(iv)

Switches/MCBs shall be hand operated, air break, quick make, quick break type
conforming to applicable standards.

The switch shall be protected by fuse and the MCB shall be provided with overload/short-
circuit protective device for protection under overload and short-circuit conditions. The
minimum breaking capacity of MCBs shall be 6 kA r.m.s. at 415 V/220V D.C.

Switch shall have provision for locking in both fully open and closed positions. MCBs shall
be provided with locking facility.

The connections between switch and fuse shall be insulated and all live connections shall
be shrouded.

7.26.1.3.2 Fuses

(i)

(if)
(iii)

Fuses generally shall be of the HRC cartridge fuse-link type having a certified rupturing
capacity of 80 kA at 440 V. Fuses upto 63A for distribution systems of medium short circuit
levels may be of HRC cartridge screw-cap, D type, having a certified rupturing capacity of
not less than 46 kA at 440 V and 16 kA at 250 V D.C.

Fuses shall be provided with visible indication to show that they have operated.
Cartridge fuses shall preferably be mounted in moulded plastic carriers. If fuse-carriers are

not provided, insulated fuse pulling handle shall be provided for each size of fuse for each
switchboard.

7.26.1.3.3 Indicating Instruments and Meters

(i)

(ii)

(iii)

(iv)

v)

Whenever required, instruments and meters shall be of the flush mounting type. They shall
be suitably mounted so as to provide for easy access to CTs and small wiring.

Instruments shall be of minimum 96 mm square size, shall have provision for zero
adjustment outside the cover and black numerals on white dial.

Watt-hour meters shall be of direct reading electro-dynamometer type complete with
cyclometer type dials and reverse running stops.

Ammeter/Voltmeter selector switches having 3 positions and off, with stay-put contacts
rated 10A shall be provided when specified.

Potential fuses shall be provided at the tap-off point from the bus bar for the voltmeters.

7.26.1.3.4 Instrument Transformers

(i)

(ii)

Current and voltage transformers shall be of the dry type, of metering accuracy class 1.0.
Unless otherwise specified, it shall be the responsibility of the Contractor to ensure that the
VA burden of the instrument transformer is adequate for the meters connected to it.

Test links shall be provided in both secondary leads of the CTs to easily carry out current
and phase angle measurement tests. Facilities shall be provided for short-circuiting and
grounding the CTs at the terminal blocks.
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(iii) Voltage transformers shall be provided with suitably rated primary and secondary fuses.
7.26.1.3.5 Indicating Lamps

Indicating lamps shall be of the filament type and low watt consumption. Lamps shall be provided
with series resistors.

7.27 INTERNAL WIRING

() Panels/boards shall be supplied completely wired, ready for the external connections at the
terminal blocks. Wiring shall be carried out with 650/1100V grade, PVC insulated, stranded
aluminum/copper conductors. Conductors of adequate sizes shall be used to suit the rated
circuit current.

(i) Engraved identification ferrules, marked to correspond with the wiring diagram shall be
fitted at both ends of each wire.

(i) All wiring shall be terminated on terminal blocks. Terminal blocks shall be one piece
moulded rated 500 V, of reputed make, preferably stud type for higher current ratings such
that wires are connected by cable-lugs and complete with nuts and washers. Terminals
shall be adequately rated for the circuit current, the minimum rating shall be 20 A.

(iv) Terminals for circuits with voltage exceeding 125 V shall be shrouded.

(v) Terminals shall be numbered and provided with identification strip for identification of the
circuit.

(vi) Terminal blocks for C.T. secondary lead wires shall be provided with shorting and
disconnecting/earthing facilities.

(vii) Unless otherwise stated, the mode of wiring will be as follows:

e 250/440 V PVC insulated flexible one core wired used for indoor lighting wiring shall be
laid in rigid PVC conduits.

e OQutdoor lighting cables shall be directly buried in ground at a minimum depth 600 mm or
routed in the available cable trenches. Cables crossing road /rail shall be laid in RCC
hume pipes.

e Size of wire shall be chosen to limit voltage drop to within 5%. Minimum area of
conductor shall be 1.5sgmm copper, unless otherwise stated and density not to exceed
2.5A mm2,

e Generally not more than 8 to 10 points shall be wired in one circuit.

e For the purpose of calculating connected loads of various circuits a multiplying factor of
1.25 will be assumed to the rated lamp wattage for mercury vapour and fluorescent
lamp fixtures to take into account loses in the control gear.

¢ A loading of 100 watts and 500 watts will be assumed to single phase 5 amps and 15
amps receptacles respectively.

7.27.1 LABELS & DIAGRAM PLATE
0) All door mounted equipment as well as equipment mounted inside the switchboard/panels
shall be provided with individual labels with equipment designation/rating. Also the

boards/panels shall be provided on the front with a label engraved with the designation of
the board/panel.

(i) Labels shall be made of non-rusting metal, 3-ply lamicoid or engraved PVC

(iii) Inside the door of the 1 phase ways lighting panels a circuit diagram/description shall be
fixed for reference and identification.

7.27.2 LIGHT CONTROL SWITCHES

Q) Light control switches of ratings and types, i.e. decorative/industrial shall be supplied as
required. The switches shall be suitable for use on 240 V, 1 Ph, 50 Hz supply.

Balance works in Ten OHSRs Zones of Water Supply system in Bhagalpur Municipal Corporation — (BWSP 01 —
Package 02)




Volume lI- Particular Specifications, Part 1 - Construction Vol Il Part 1 -151

(ii)

(iii)

Switches shall be of flush type for mounting behind an insulated plate or incorporated with
a switch plate for mounting flush with the surface of wall or switch box/suitable enclosure.
The switch box/enclosure may be recessed into or mounted on a wall as per the
requirement of project layouts.

The size of enclosure boxes shall be chosen to accommodate the number of switches to be
installed at the particular location. The enclosures shall be 18 gauge sheet steel
galvanised. The enclosure box shall be covered with perspex/insulating cover. An
enclosure intended for surface mounting shall not have holes or gaps in its sides other than
those expressly provided for cable entry.

7.27.3 RECEPTACLE UNITS

(i)

(i)
(i)
(iv)

(v)

Receptacle units shall consist of socket outlet with associated switch and plug. The socket
outlet and switch or MCB shall be flush mounted within galvanised 18 gauge steel
enclosure with insulation cover. The box may be recessed into or mounted on a wall as per
requirements of project layouts.

The receptacle units shall be suitable for 240 V, 1 ph - N, 50 Hz/415 V, 3 Ph - N, 50 Hz
supply as required.

Single phase receptacles shall be associated with a switch/MCB of same current rating and
the receptacle shall become live only when the associated switch/MCB is in “ON” position.

Three phase receptacles shall be associated with a TPN switch housed in the same
enclosure. The receptacle shall become live only when the associated switch is in “ON”
position.

The plugs shall be provided with cord grips to prevent strain and damage to
conductors/wires at connection and entry points.

7.27.4 LIGHTING WIRES

()
(i)
(iii)

The wires for wiring in lighting system shall be 250/440 V, 1/C, PVC insulated, unarmoured
with stranded copper conductors.

The minimum area of conductors shall be 1.5 sg.mm. for light fittings and 5A Receptacles
and 2.5 sq.mm for receptacles rated 15 A and above.

The wires shall be colour coded white for phase/positive of D.C. and black for
neutral/negative of D.C.

7.27.5 CONDUITS

(i)

(ii)

(iii)
(iv)

Rigid steel/non-metallic conduits and their associated fittings as required shall conform to
applicable standards. The minimum size of conduit shall be 20 mm for surface installation
and 25 mm for concealed installation.

Steel conduits shall be seamed by welding and hot dip galvanised. They shall be supplied
in standard lengths of 5 m.

Supply of conduits shall include all associated fittings like couplers, bends and tees as
required for lighting system installation work.

The conduits shall be supported by means of saddles as follows:

e Spacing between saddles not to exceed 1m in addition saddles shall be located on
either ends of couples /bonds or similar fittings /accessories. In such cases the saddles
shall be located at a distance not exceeding 300mm from the fittings/ accessory.

e Wires belongings to different phases hall not be run in the same conduit. However more
than one conduit , consisting of phase and neutral wires, of the same phase can be
run in the same conduit, for every phase wire a separate neutral wire shall be run.
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7.27.6 JUNCTION BOXES

(M Junction boxes with terminals shall be supplied for branching and terminating lighting
cables when required for outdoor areas, 3 phase receptacles etc.

(i) The junction boxes shall be dust and vermin proof and shall be fabricated from 14 gauge
sheet steel and shall be complete with removable cover plate with gaskets, two earthing
terminals each with nut, bolt and washer. Boxes shall be additionally weather proof.

(iii) The boxes shall have provision for wall, column, pole or structure mounting and shall be
provided with cable/conduit entry knock outs, terminal blocks, HRC fuses as required.

(iv) The terminal blocks, with specified number of terminals, shall be mounted securely on
brackets welded to the back sheet of the box. The terminals shall be 600 V, grade, one
piece construction complete with terminals, insulation barriers, galvanised nuts, bolts and
washers and provided with identification strips of PVC. The terminals shall be made of
copper alloy and shall be of box clamp type.

(V) The boxes shall be painted with one shop coat of Red oxide zinc chromate primer followed
by a finishing coat of paint.

7.27.7 LIGHTING POLES AND FLOOD LIGHT POLE MOUNTING

(i Lighting poles for street lights and flood lights shall be of stepped tubular steel poles
construction as per applicable standard. These poles shall be coated with bituminous
preservative paint on the inside as well as embedded outside surface. Exposed outside
surface shall be painted with one coat of red lead oxide primer. After completion of
installation two coats of aluminum paint shall be applied.

(i) Unless otherwise specified, poles, shall be painted with red lead oxide primer and two
coats of aluminum paint.

A aluminum ladder of required height shall be provided. The length of each step of the
ladder shall be at least 300 mm and spacing between two adjacent steps not more than
300 mm.

(iii) The supply of poles shall be complete with fixing bracket/necessary pipe reducer for fixing
the fitting and also include the necessary associated pole mounted junction boxes. The
required sizes of poles and the junction box shall be as indicated in the attached drawings.

7.27.8 CEILING FANS

Unless otherwise specified, all ceiling fans shall be installed not less than 2.75m above the floor
level. In rooms having fluorescent lamp lighting fixtures and ceiling fans, the fans shall be installed
with their blades at least 100 mm above the lighting fixtures.

Ceiling fans shall be 1200 mm sweep in size complete with electronic regulator. Domestic exhaust
fans shall be installed in admin block and laboratory and heavy duty industrial exhaust fans in
HT/LT panel rooms and transformer rooms. The fans shall be complete with mounting frame. The
fan opening shall be covered by netted louvers to prevent the access of birds

7.27.9 LIGHT FIXTURE EARTHING

Lighting fixtures, receptacles, switches, conduits and junction boxes shall be properly earthed using
12 SWG Gl wire (unless otherwise specified) run along the entire length of the conduit between
the fixture and the corresponding lighting panel where it will be connected to the station earth. The
earth wire of each conduit length shall be efficiently fastened to the conduit at regular intervals of
not more than 750 mm.

7.28 OUTDOOR LIGHTING SYSTEM

All outdoor areas will be provided with AC lighting and the same will be available as long as AC
supply is healthy.
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Outdoor lighting shall be done with swaged steel tubular electric poles of adequate height at every
25 meters to give the required illumination levels.

7.28.1 ILLUMINATION LEVELS

The illumination levels to calculate the no. of lighting fixtures for various areas shall be considered
as follows:

Area Illumination Level (Lux)
Pump house 250 lux
Battery room 150 lux
Machinery service area 150 lux
Office/conference room 400 lux
Switchgear rooms 250 lux
Plant control rooms 400 lux
Chemical/general stores 150 lux
Chemical room 200 lux
Cable basement 100 lux
All other indoor areas 150 lux
Outdoor platforms and walkways 50 lux
Building entrances 100 lux
Outdoor Plant and pumping station areas 20 lux
Switchyard and transformer yard:

a. General 10 lux
b. On equipment 30 lux
Roads (Secondary) 10 lux

The illumination system shall be so designed that the uniformity factor is of acceptable level and
that the glare is within limits. The ratio of maximum to minimum illumination levels shall not exceed
20 in outdoor area.

The following values of ‘light loss factor’ shall be considered for design:

(1) Indoor air-conditioned area : 0.8
(i) Other indoor areas : 0.7
(ili)  Outdoor area ; 0.6

The Contractor shall furnish detailed design calculations, uniformity factors, ratio of maximum to
minimum illumination levels, ratio of average to minimum illumination levels, glare values, etc. for
approval. Detailed characteristics of various types of fixtures including photometric curves and
tables shall also be furnished for review.
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7.28.2 OUTDOOR LIGHTING

7.28.2.1 Street Light Pole:

Outdoor lighting shall be done with swaged steel tubular electric poles as per relevant IS
Specifications and of adequate height to suit road width and an approximate spacing of 25 m. the
installation scope includes excavation required for pole, construction of 600 x 600 mm concrete
base for pole etc., earthing of pole, junction box and luminaire and laying of 3 x 2.5 AYY cable from
junction box to luminaire from inside of the pole.

The street light pole erection shall be complete with:

Q) 1 no: street light pole of adequate height.
(i) 1 no: 150W HPSV street lighting luminaire.
(iii) 2 no: 50mm dia. Gl conduit sleeves for incoming and outgoing cables up to junction box.

(iv) 1.5 M long 20mm dia. Galvanized MS rod earth electrode for earthing of each 5™ street
lighting pole.

()] Loop-in-loop-out type weatherproof Junction box with terminal blocks suitable for
terminating 4 x 16 mm2 Gl stranded wires.

(vi) The lighting cable shall be laid underground at a depth of minimum 600 mm below ground
level with a protection of sand and bricks as per IS specifications.

7.28.2.2 Street Light Luminaries:

The fitting shall be outdoor weather proof type and shall be integral type and have a reflector of
stove enamel type with heavy duty gauge deep drawn aluminum housing finished in white stoved
enamel paint inside and grey hammer tone outside fitted with a 3 pin/E-27 porcelain lamp holder
suitable for 150W/ 250W HPSV lamp

The protective cover shall be transparent clear acrylic cover, hinged with a suitable neoprene
gasket on the lamp reflector housing with toggles to make the luminaries dustproof, weatherproof
and insect-proof.

The control gear housing shall be cast aluminum (LM6) alloy hinged with a sheet aluminum cover
finished in stoved enameled grey hammer tone outside and zinc chromate inside.

Heavy duty polyester filled copper ballast, power factor improvement condenser, lamp and mains
connector block and an earthing terminal shall be assembled on a detachable tray suitable for 1 no
15W/ 250W HPSV lamp.

“U” clamps are to be provided on to the control gear housing with 2 nuts for firm gripping to the
supporting pole bracket of maximum angle at which can be installed.

7.28.2.3 Receptacle Units:

Decorative and industrial type receptacle units of 5/15A, 15A, 30A single pole / three pole (SP/TP)
with switches/ MCBs shall be confirming to latest IS 3854 and sockets conforming to IS 1293. the
units shall be suitable for mounting on stove enameled sheet steel boxes generally conforming to
IS: 5133 Part-I.

5/15A, 5 pin convenient switch socket outlets with indication lamp and fuse mounted on a PVC
surface mounting box shall be installed in administration block and laboratory area. Wiring from
lighting panel to each socket is covered in point wiring.
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15A single phase industrial sockets with 15A SP MCB and 2 earthing terminals shall be installed in
rest of the area. 3 x 4 sq. mm. AYWY cable shall be laid on wall from lighting panel to socket along
with earth wire.

7.28.2.4 Drawing and Data:

As part of the proposal, the Contractor shall furnish relevant descriptive and illustrative literature on
lighting fixtures, accessories and receptacles that includes:

(1) Dimensional drawings.

(i) Mounting details, cable entry and weight.
(iii)  Assembly details.

(iv)  Wiring connections.

(V) Light absorption and utilization factors.

7.29 BATTERY CHARGING AND DC POWER DISTRIBUTION SYSTEM
7.29.1 APPLICABLE STANDARDS

The battery charger and DC distribution board shall conform to the latest applicable standards
specified below. In case of conflict between the standards and this specification, this specification
shall govern.

Title Code. No.

Basic climatic and mechanical durability tests for | IS: 9000
components for electronic and electrical
equipment

Environmental tests for electronic and electrical | 1S: 9000
equipment

Metal clad base material for printed circuits for | IS: 5921
use in electronic and telecommunication
equipment

Transformer and inductors (power, audio, pulse | IS: 6297
and switchingO for electronic equipment

Printed wiring boards IS: 7405

Environmental requirements for semi-conductor | IS: 6553
devices and integrated circuits

Terminals for electronic equipment IS: 40047

Factory built assemblies of switchgear and | IS: 8623/BS: 5486/IEC: 60439
control gear for voltage upto and including 1000
V AC and 1200 v DC

Air break switches IS: 13947 (part-3)BSEN: 60947-3
Miniature circuit breakers IS: 88238/BSEN: 60898

HRC cartridge fuses IS: 9224/BS: 88

Contractors IS: 13947 (Part-3) /BS: 775/IEC: 60158-1
Control Switches/push buttons IS: 6875

Indicating instruments IS: 1248/BC: 89/EC: 51

Degree of protection IS: 13947-(part I)/IEC: 60947-1
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Title Code. No.
Climate-proofing of electrical equipment BSCP: 1014
Code of practice for phosphate iron and steel IS: 6005/BS: 3189
Semi-conductor converters IEC: 60146

Semi-conductor rectifier equipment safety code IS: 6619

Specification for copper rods and bars for | IS: 613

electrical purposes

7.29.2 REQUIREMENTS:

The power supplies will operate from 240V AC and produce a 30V DC output voltage at full load

current:

(i)
(ii)

Voltage Regulation: 0.02% for 10% mains voltage variation
Load regulation: 0.3% from zero to full load conditions

The power supply shall incorporate an over voltage protection circuit, the components of which
shall be independent of the voltage regulating circuit.

Following items shall be covered in the Contract:

()
(i)
(iii)

One no. 48 V Nickel Cadmium type Battery (Minimum capacity of Battery — 200AH)
Two nos. Float-cum-boost chargers for 48 V batteries
DC distribution board.

All connections between battery, battery chargers and DC distribution board shall be designed for
effective segregation between positive and negative leads.

7.29.3 BATTERY CHARGER

(i)

(i)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

Battery charger shall be combined float-cum-boost type.

The charger shall be static type composed of silicon controlled rectifiers (SCRs) and diodes
connected in three phase full wave half controlled bridge circuit.

The rectifier transformers for float and boost chargers shall be indoor dry type, double
wound with delta-star connections. The Bidder shall ascertain if taps are required and
provide adequate number of primary and secondary taps, if necessary.

The float charger shall be designed for supplying :
e The D.C. loads shall be continuous load and short-time overload.
e The trickle charging current of the battery.

The boost charger shall be designed for supplying the boost charging current of the battery.

If the battery and charger are to be supplied by separate contractors, the charger
Contractor shall coordinate with the battery contractor regarding float /trickle boost charging
current & voltages required for the battery.

Battery Charger shall be provided with facility for both automatic and manual control of
output voltage and current and necessary selector switch shall be provided. Contractor
regarding the float/trickle and boost charging current and voltages required by the battery,

Performance
e Float Charger

The D.C. output voltage during float charging shall be stabilized within £1% of the set
DC bus voltage. Manual control shall be used if auto mode fails.
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(ix)
)

e Boost Charger

For boost charging the discharged battery after a mains failure, the rectifier shall charge
the battery at high rate limited to the maximum boost charging voltage. After a specified
number of hours (adjustable) when the rated cell voltage is reached, the charger shall
be returned to float charge status.

= In case of combined float-cum-boost charger, the switching and control of high rate
charge and return to float charge shall be by automatic controller/regulator.
Manual control shall be used if auto-mode fails.

= During boost charging following emergency measures shall be provided:

= If the AC mains supply fails, an arrangement shall be made to automatically
connect the battery directly across the load.

» If the separate or spare float charger supplying D.C. load fails, the load shall be fed
from the point of connection at the tapping of the battery via adequately rated
blocking diodes.

Suitable filter Circuits shall be provided in the chargers to limit the ripple content (peak to
peak) in the output voltage to 1% irrespective of D.C Loads.

The D.C System shall be unearthed.

7.29.4 CHARGER PANEL AND D.C. DISTRIBUTION BOARD

(i)
(i)

(i)

(iv)

(v)

(vi)

(vii)
(viii)

(ix)
()

Battery charger panel and D.C. distribution board shall be sheet metal enclosure free
standing type with cable entry from bottom.

Indications, controls and output voltage setting adjustments shall be on front panel. The
Contractor shall submit a scheme for alarm and trip indication lamps on the cabinet and for
fault annunciation contacts paralleled for remote annunciation.

The components shall be liberally rated and housed in a well-ventilated sheet metal cubicle
complete with input and output terminals. Louvers shall be provided for ventilation backed
up by fine wire mesh so that the degree of protection shall be equal to or better than IP-42.

Bus bars shall be of copper conductor of hard drawn (HD) and high conductivity. Bus bars
shall be fully insulated by encapsulation in epoxy resin with moulded caps protecting all
joints

All printed circuit cards shall be plug-in type, interlocked to prevent insertion in a wrong slot.

Each card shall have LED indication on its front plate to indicate normal condition and
readily and marked test pins.

All components shall be accessible to the maintenance technician for easy disassembly
and replacement. Access to parts of equipment shall be with minimum danger from all
hazards.

All components and modules shall be clearly and unambiguously marked and all wiring
colour-coded and tagged.

All power and control wiring within the cubicle shall be done with stranded copper wires.
The power wiring shall be adequately sized for the required rating. The minimum sizes for
control wiring will be 1.5 mm2 and for power wiring shall be 2.5 mm?2.

Ground terminals with isolating links shall be provided.

Cable glands shall be provided to suit the incoming and outgoing cables.

7.29.5 COMPONENTS/ACCESSORIES

(i)

The main items are listed below. However, additional items required for completeness or to
meet the specified performance or operational requirements of the charger, shall be
deemed to be included in the Contractor’'s scope. Instead of incoming ON/OFF switches,
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stricker fuses and contactors, the Contractor may provide suitably rated 3 pole MCBs with
overload and short circuit protection and auxiliary contacts.

One (1) set - Three phase full wave half controlled bridge rectifier circuit comprising
silicon controlled rectifiers and silicon diodes complete with resistor/capacitor network
for surge protection. The diodes/SCRs shall be individually protected by fuses with fuse
fail indication.

One (1) Double wound, dry type, three phase suitably rated mains transformer.
One (1) set of suitably rated control transformers for electronic controller.

One (1) Electronic controller comprising of power supply card, soft start cum current
limit card, auto trickle mode card with facility for setting trickle charge current and
monitoring battery current, error amplifier cards and pulse generating cards for
achieving the DC output voltage stabilization of +1% and also for achieving current
limiting feature. The electronic controller shall have protection features with indications
for under-voltage, over-voltage, set output voltage and phase failure or voltage
unbalance.

The electronic controller shall be provided with following features:

= Boost current stabilization of £2% with AC input variation of voltage and frequency
variation of £10% and £5% respectively.

= Boost charge current limiter with potentiometer to adjust the setting.

Adequately sized necessary built-in accessories shall be provided such that on failure of
the controller in auto mode the voltage can be effectively controlled manually.

One (1) Filter circuit comprising of smoothing choke and condensers complete with
HRC fuse with trip indication for filter condenser circuit.

One (1) Auto/Manual selector switch for selecting the mode of operation of the
controller.

One (1) front panel mounted potentiometer for set point adjustment of output voltage in
auto mode.

One (1) front panel mounted potentiometer for manual adjustment of voltage in manual
mode.

One (1) TP AC ON/OFF switch for float charger incoming.

One (1) set of HRC fuses complete with fuse fittings for AC input with suitable ratings
and with trip indication.

One (1) set of the pilot lamps with series resistors to indicate float charger AC Mains
‘ON’ condition.

One (1) AC contactor with suitably rated coil and three main and 2 NO + 2 NC auxiliary
contacts, suitably rated thermal overload relay and ON/OFF control switch.

One (1) set of HRC fuses complete with fuse fittings for the DC output, and with trip
indication.

One (1) moving coil DC ammeter, with shunt, of size 96 x 96 mm and suitable range to
read the float charger output current.

One (1) Double pole DC ON/OFF rotary switch for float charger output.
One (1) pilot lamp with series resistor to indicate float charger DC ‘ON’ condition.

Annunciation System for the following shall be provided:

= AC Supply Failure.
= Rectifier Fuse Failure.
= Surge Circuit Fuse Failure.
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»  Filter Fuse Failure.

* Load Limiter Operated.
= Charger Trip.

= Battery on Float.

= Battery on Boost.

7.29.6 POWER ELECTRONIC COMPONENTS

(i)
(i)

(iii)

(iv)

(v)
(vi)

Diode and thyristors shall be of monocrystalline type silicon, capable of continuous output
at specified voltages. It shall have high power efficiency.

If many diode or thyristor assemblies are connected in parallel, care shall be taken to
ensure that each rectifier or thyristor operates within its rating and shares the load
uniformly. This may be achieved with the help of chokes. Also, care should be taken to
select matched pairs of rectifier heat sink units.

Each diode or thyristor built in a multi-built assembly shall be provided with a short circuit
protection to avoid complete shut-down of the equipment because of a fault on single unit.
Suitable fuses shall be provided for such protection.

Necessary spare capacity shall be built in the equipment to continuously supply full load
even with one unit out of circuit.

The diodes or thyristor banks shall be natural air cooled.

The diodes or thyristors shall be protected against overvoltage due to chopping surges with
the aid of snubbers (i.e. resistor-capacitor combination and Metal oxide varister). It shall be
ensured that normal load currents and especially fault currents are shared equally between
parallel links, within the specified limits. To achieve this, great care shall be taken to design
the layout of the rectifier links to ensure equal lengths of bus bars and as near as possible
identical contact resistance in each current path.

7.29.7 BATTERY DESIGN FEATURES

(i)

(ii)

(iii)

(iv)
v)

(vi)
(vii)

Battery offered shall be Nickel Cadmium (Ni-Cad) Type. The battery shall conform to the
latest applicable standards specified below:

Specification for vented type : IS 10918

Nickel Cadmium Batteries

Nickel hydroxide and Cadmium hydroxide shall be used for positive and negative electrode
respectively. Aqueous solution of battery grade Potassium hydroxide with small quantities
of lithium hydroxide shall be used as electrolyte. It shall be used only for ion transfer and
shall not chemically change during charging/ discharging.

The containers shall be transparent and preferably be made of toughened glass or plastic
polypropylene material and provided with electrolyte level indicator. The Containers shall
be robust, heat resistant, leak proof, nonabsorbent and free from crack, blisters, pin hole
etc.

The battery shall be rated on 5-hour basis and for the specified ambient temperature. The
battery shall have maximum recharge time of 8 hours.

Terminal posts shall be designed to accommodate external bolted connection conveniently
and positively. Each terminal post shall have two bolt holes of the same diameter,
preferably at right angles to each other. The bottom hole shall be used to terminate the
inter-cell connection. The top hole shall be left for external terminal connections. Bolts,
heads and nuts, except seal nuts, shall be hexagonal and shall be lead covered. The
junction between terminal posts and cover and between cover and container shall be so
sealed as to prevent any seepage of electrolyte.

Required quantity of electrolyte for first filling with 10% extra shall be supplied in non-
returnable containers.

Each battery shall be complete with following accessories, as applicable, that include, but
are not limited to:
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(viii)

(ix)

(x)

(xi)

e Battery racks
Porcelaininsulators, rubber pads, etc.

Set of inter-cell, inter-tier and inter-bank nickel coated copper connectors as required for
the complete installation.

e Electrolyte for first filling + 10% extra.

1 set of accessories for testing and maintenance shall also be provided suitable for all the
battery banks.

e One - -3, 0, +3 volts DC voltmeter with built-in discharging
resistor and suitable leads for measuring cell voltage.

e One - Filler hole thermometer fitted with plug and cap and
having specific gravity correction scale.

e Three - Pocket thermometers

e Two - Cell lifting straps

e One set each of - Terminals and cable boxes with glands for connecting

cable as required.
Spare connectors
Spare vent plugs
Spare nuts and bolts

Suitable set of spanners

Each battery shall be mounted in a manner that permits easy accessibility to any cell. The
racks shall be suitable for fixing on flat concrete floor. The complete racks shall be suitable
for bolting end to end.

It shall be the responsibility of the Contractor to provide batteries of adequate capacities
to meet specified requirements pertaining to control, indication,  annunciation, etc. and
emergency lighting. For computing battery capacity, it shall be assumed that the battery is
fully charged at the beginning of loading cycle and is discharged to a voltage of 1.2 volts
per cell at the end of the loading cycle. The battery shall have minimal difference (approx.
0.3 V per cell) between float and boost charging voltages.

The following information shall be legibly marked on outside each cell.

Manufacturer's Name & Trade Mark
Country & Year of Manufacture

AH Capacity at 5 hour discharge rate
Type Designation & Sl. No

7.29.8 MAKING:

Unit shall be provided with a name/rating plate made of corrosion resistant material fixed to a AH
capacity non-removable part. At a minimum the following information shall be indelibly marked:

(i
(i)
(iii)
(iv)
(V)
(vi)
(vii)
(viii)
(ix)

Year of manufacture.

Name of manufacture.

Type and serial number of unit.

Nominal input current/voltage.

Nominal output current/voltage.

IP classification according IEC: 60529.

Cell number.

Type of Electrolyte.

Phase or pole markings of AC and DC supply terminals.
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All other name plates shall be laminated phenolic type (white-black-white) and engraved through to
the black lamination. The edge of all nameplates shall be beveled at 45 degrees. These name
plates to be attached with self-tapping screws.

Compartments and their component shall be provided with, but not limited to, the essential data as
required (e.g. tag numbers, ratings, etc.).

Terminals shall be properly clearly identified for easy identification by the operator.
The capacity of the battery shall be given based on an equivalent 5 hour discharge time.
7.29.9 RATING PLATES AND NAMEPLATES:

All components (switching devices, MCBs, instruments etc.) shall be fitted with a rating plate in
accordance with relevant requirements. All functional units shall be clearly labeled to diagrams.

Rating plates shall be made of corrosion-resistant material and have indelible inscriptions.
Enameled plates are not acceptable.

Each outgoing feeder shall be provided with nameplates, mounted on the front of a non-removable
part.

Lettering shall be minimum of 5 mm in height. The edge of all nameplates shall be beveled at 45
degrees. The first and second lines shall describe the service with the item number centered on the
third line. Nameplates shall be attached to their respective doors with nuts, bolts, and washers.
Self-tapping screws shall not be used. Nameplates shall correspond with the description and tag
numbers as shown on the one line diagram.

The nameplates shall be black non-deteriorating material (e.g. Reposal or Traffolite) and shall
permit inscriptions with characters in white.

7.29.10 RECTIFIER
7.29.10.1 Battery “Float” Charge Operation:

The rated output current of the rectifier shall be the current corresponding to the maximum load in
KVA divided by the normal DC system voltage, plus the current required charging the battery from
end cell voltage in 10 hours.

The rectifier steady- state Dc output voltage variations shall be controlled to within plus 1% and
minus 1% of the set value. This corresponds to the battery float-charge voltage during load
variations between zero and the rated output current of the DC supply unit and during steady-state
input voltage and frequency variations referred to in.

During transient input voltage depressions up to 20% of nominal voltage, the rectifier DC output
voltage variations shall be controlled to a value that will at least prevent the initiation of battery
discharge.

Facilities for on-line adjustment of the set value of float-charge voltage shall be provided. A suitable
potentiometer shall be provided on panel front for this purpose.

The DC output current of the rectifier, when operating under constant limiting conditions, shall be
controlled to within plus 2% and minus 2% of the set value.

The RMS value of the voltage ripple, with the battery connected, shall not exceed 3% of the
nominal DC system voltage.
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7.29.10.2 Battery “Rapid” Charge Operation (Boost Charging):
The “rapid”-charge cycle shall be according to a constant current/constant voltage characteristic.

The duration of the “rapid’-charge operation shall be automatic and after the elapsed time, will re-
instate the rectifier output voltage to that corresponding to continuous float- charge operation.

When operating under constant current-limiting conditions, the DC output current of the rectifier
shall be controlled to within plus 2% and minus 2% of the set value.

When operating under constant output voltage conditions, the voltage shall be controlled to within
plus 1% and minus 1% of the set value.

The applied set value of the rapid-charge voltage and the duration for which it is applied to the
battery shall restore the battery to 100% of its nominal ampere hour capacity within the specified 6-
hour period.

Facilities shall be provided for on-line adjustment of the set of voltage applied to the battery, by a
potentiometer provided at the front of the panel.

7.29.10.3 Battery Discharge Operation:

The battery voltage and capacity shall be such as to supply a direct current corresponding to a load
specified in data sheet while maintaining an output voltage within the permissible tolerances
indicated in the data sheet.

The following battery discharge requirements shall be fulfilled:

Q) Under the prevailing climatic conditions including the minimum ambient temperature
specified.
(i) By a battery which is in a partially charged condition.

7.30 AUXILIARY EQUIPMENT
7.30.1 INDICATIONS AND ALARMS:
The following indication equipment shall be provided on the cabinet door:

(i AC "mains Supply failure”

(i) Rectifier “charge failure”

(iii) Rectifier “High DC float Voltage”

(iv)  Alarm contact to main alarm system.

(V) Rectifier “Low DC float voltage”

(vi) Charger on boost.

(vii)  Charger on Float

(viii)  Earth Fault

(ix) Over temperature(Shut down)

x) Overload

(xi) Reverse polarity (tripping)

Indications shall be provided with in-built test facilities. Alarm indications shall have manual reset
facilities. They shall have a built-in memory to retain indication upon total supply failure.

7.30.2 MEASUREMENT:
The following measuring instruments shall be provided:

Q) DC voltmeter measuring rectifier output voltage (with selection switch to measure positive
to negative, positive to earth and Negative to earth Voltage).
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(i) DC ammeter, with zero at mid-scale, measuring battery current.

(iii) DC ammeter measuring rectifier output current.

(iv)  AC Voltmeter measuring input voltage.

(V) AC ammeter measuring input current.

(vi) Voltmeter for battery voltage.

The accuracy of all measuring instruments shall be not less than that according to class index 1.5
of IEC publication 60051.

7.30.3 PROTECTION AND CONTROL
The following protective and control equipment shall be provided as a minimum requirement:

(1 Rectifier AC mains contactor with on/off control circuit switch and fuses

(i) Rectifier AC mains supply monitoring assembly

(iii) Manually operated float-charge/rapid —charge selector switches mechanically interlocked
with the DC supply unit.

(iv) Manually rapid-chare time control relay

(V) Adjust rapid-charge time control relay

(vi) Rectifier DC output circuit fuses

(vii)  Battery circuit fuses.

(viii)  Auto/manual selector switch

(ix) Float/ boost

x) Input side Filter to reduce harmonica on the mains side

(xi) Potentiometer to set float and boost voltage in ‘Auto’ model (*)

(xii)  Potentiometer to vary float and boost voltage in “manual” model (*)

(xiii)  Range to be determined by Contractor based on battery requirements.

The AC mains supply monitor shall operate to open the rectifier AC mains supply contactor in the

event of AC supply voltage depressions, or three-phase AC supply unbalance, that would otherwise

impair the performance of the DC supply unit, and shall automatically reclose the contactor on

restoration of AC supply voltage.

Rectifier output and battery circuit fuses shall be in accordance with IEC publication 60269-2. The

rating of rectifier output and battery circuit fuses shall be coordinated such that the battery supply to

the load is maintained in the event of rectifier bridge short circuits. The rectifier shall have the

necessary equipment to ensure soft/slow starting upon connection of the mains supply, to limit the

in-rush current from the mains supply.

In addition the DC supply unit shall incorporate all the necessary control equipment to fulfill the

performance requirements of this specification, and to protect the unit its compound from excess

current under all operating conditions, selectively operating protective device shall be incorporated

as required to safeguard the unit and its components from the consequences of internal and

external short circuits, over voltages and main or control circuit malfunctions, how so ever caused.

7.30.4 EARTHING

A copper main earth bar shall be fitted along the whole width of the cubicle. This bar shall be
bonded to the enclosure of the unit. Within the cubicle an earthing bolt M10 shall be mounted.
Metallic enclosure of all components shall be connected to the earth bus by independent PVC
insulated copper conductor.

A high resistance shall be connected between Positive and negative poles of the system and the
centre points of the resistance shall be earthed through an earth fault relay, designed to indicate
whether the earth fault exists on the Positive or Negative pole of the system. The value of
resistance connected across the poles shall be such that in the event of a fault on either Pole the
earth fault current does not exceed rated mA.

7.30.5 DC-EARTHING

The DC system is free from earth; therefore an earth fault detection system must be applied.
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7.31 INDUCTION MOTORS
7.31.1 DESIGN REQUIREMENTS

The motors shall generally conform to IS: 325 or relevant equivalent internationally approved
standards and shall be energy efficient type (Eff 1). Additionally the specific requirements
mentioned in the following clauses shall also be met.

7.31.2 PERFORMANCE AND CHARACTERISTICS

e Motors shall be capable of giving rated output without reduction in the expected life span,
when operated continuously under the following supply conditions:

0] Variation in supply voltage +10%
(ii) Variation in supply frequency + 5%
(i) Combined voltage and frequency variation +10%

¢ Motors shall be suitable for full voltage direct-on-line starting for motor ratings less than or
equal to 5 kW, motor ratings greater than 5 kW and less than or equal to 50 kW shall be
suitable for Star-Delta starter, motor ratings greater than 50 kW and less than or equal to
100 kW shall be suitable for Auto Transformer starter and motor ratings greater than 100
kW shall be suitable for Soft starter.

e The motors for the driven pumps/equipment shall have sufficient rating to operate the pump
at any point from shut-off head to run out point specified without overloading. In addition the
motor shall have an allowance as under:

e The Power rating of the motor shall be the larger of the following:

(i) 20% higher than the power input required to the pump at duty point at a speed
corresponding to the frequency of 50Hz.

(i)  15% higher than the maximum power input required to the pump through the entire
range of head capacity curve.

(i) In the case of other equipment, other than pumps, if not mentioned specifically
under its specifications, it shall be 20% higher than maximum power required to the
equipment through the entire range of working.

e Motors shall be capable of starting and accelerating the load with the applicable method of
starting, without exceeding acceptable winding temperatures, when the supply voltage is
80% of the rated voltage.

e Motors shall be capable of satisfactory operation at full load at a supply voltage of 80% of
the rated voltage for 5 minutes, commencing from hot condition.

o The locked rotor withstand time under hot conditions at 110% rated voltage shall be more
than starting time at minimum permissible voltage by at least two seconds or 15% of the
accelerating time whichever is greater. The locked rotor current of motors shall not exceed
600% of full load current of motors which is inclusive of 20% tolerance.

e Motors when started with the drive imposing its full starting torque under the specified
supply voltage variations shall be capable of withstanding at least two successive starts
from cold condition and one start from hot condition without injurious heating of windings.
The motors shall also be suitable for three equally spread starts per hour under the above
referred supply conditions.

e The three phases shall be segregated by metal barriers within both line and neutral
terminal box.

e The earthling pads shall be of non-corrodible metal, welded/brazed at two locations on
opposite sides. The pad size shall be 75 x 65 x 25 mm with two holes drilled at 40mm
centers, tapped & provided with suitable bolts and washers for connecting the earthling
strip.
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At least six resistance type temperature detectors for the stator winding each having D.C.
resistance of 100 ohms at 0 degrees Celsius, embedded in the stator winding at locations
where highest temperatures may be expected, shall be provided. The material of the
RTD’s shall be platinum.

At least one vibration detector for the stator winding, embedded in the stator winding at
location where vibration may be expected, shall be provided. Compression-type
piezoelectric type accelerometers, velocity transducers or proximity transducers shall be
applied to the vibration detection system.

Motors shall have space heaters suitable for 240V single phase 50Hz AC supply. These
shall be placed in easily accessible position in the lower part of motor frame. Provision shall
be made to measure temperature of bearing by inserting hand held temperature measuring
device.

Motors shall have drain plugs so located that they will drain water, resulting from
condensation or other causes from all pockets in the motor casing.

Motors shall be designed to withstand 120% of rated speed for two minutes without any
mechanical damage, in either direction of rotation.

Stator leads shall be brought to the terminal box as insulated cable through a suitable
barrier and terminated in clamp type terminals.

7.31.3 INSULATIONS

Any joints in the motor insulation such as at coil connections or between slot and winding
sections, shall have strength equivalent to that of slot sections of the coil. The insulation
shall be given tropical and fungicidal treatment for successful operation of the motor in hot,
humid and tropical climate. The motors shall be provided with class F insulation with
temperature rise limited to that of class B insulation.

Motors shall be given power house treatment. This comprises an additional treatment to
the winding over and above the normal specified treatment. After the coils are placed in
slots and all connections have been made, the entire motor assembly shall be impregnated
by completely submerging in suitable insulating compound or varnish followed by proper
baking. At least three such submersions and bakings shall be applied to the assembly.

7.31.4 CONSTRUCTIONAL FEATURES

The motor construction shall be suitable for easy disassembly and reassembly. The
enclosure shall be sturdy and shall permit easy removal of any part of the motor for
inspection and repair.

Motors weighing more than 25 kg shall be provided with eyebolts, lugs or other means to
facilitate safe lifting.

The rotor bars shall not be insulated in the slot portion between the iron core laminations
for squirrel cage motors.

7.31.5 TERMINAL BOX

Terminal boxes shall be of weather proof construction designed for outdoor service. To
eliminate entry to dust and water, gaskets of neoprene or approved equivalent shall be
provided at cover joints and between box and motor frame. It shall be suitable for bottom
entry of cables. It shall be capable of being turned through 360 degrees in steps of 90
degrees.

The terminals shall be of the stud type with necessary plain washers, spring washers and
check-nuts. They shall be designed for the current carrying capacity and shall ensure
ample phase to phase and phase to ground clearances. Suitable cable glands and cable
lugs shall be supplied to match specified cables.
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7.31.6 ACCESSORIES

Two independent earthing points shall be provided on opposite sides of the motor, for bolted
connections. These earthing points shall be in addition to earthing stud provided in the terminal box.

7.32 SUBMERSIBLE TYPE INDUCTION MOTOR

The submersible type motor shall conform to IS: 325/ IS: 9283 and submersible
Cable shall conform to IS: 9968.

Motor should be capable of giving rated output under following supply conditions:

Q) Variation in supply voltage: +/- 10%
(i) Variation in supply frequency: +/- 5%
(iii) Combined voltage and frequency variations: +/- 10%

Motor shall be suitable for full voltage DOL and / or Star-delta starting. The enclosure of the motor
shall be IP: 68. The guaranteed performance of the motor shall be met with tolerance specified in
IS: 9283.

Minimum three number thyristors in series are to be provided to sense the stator winding
temperature.

7.33 EARTHING
7.33.1 GENERAL

The earthing and lightning protection system covers earthing conductors, earth electrodes and
accessories. Metallic frame of all electrical equipment shall be earthed by two separate and distinct
connections to earthing system; Crane rails, tracks, metal pipes and conduits also shall be earthed
at two points. Steel RCC Columns, metallic stairs and rails of the building housing electrical
equipment also shall be connected to nearby earthing grid conductor. Metallic sheaths/ screens and
armor of multicore cables shall be earthed at both ends. Metallic sheaths and armor of single core
cables shall be earthed at the switchgear end only. Every alternate post of switchyard fence shall
be connected to the earth grid by copper flat and gates by flexible lead to earthed post. Each
Continuous laid length of cable tray shall be earthed at minimum two places by copper Flats to
earthing system; the distance between the earthing points shall not exceed 30m.

Earthing and lightning protection system shall be provided to ensure equipment safety, personnel
safety and to facilitate designed operation of protective devices during earth fault conditions in the
associated system.

Lightning Protection System down conductors shall not be connected to other earthing conductors
above the ground level.

The scope includes measurement of electrical soil resistivity (during dry season) at site, supply of
earthing conductors, earth electrode pits, lightning protection system and their installation including
associated civil work as per the specifications and approved drawings, to the satisfaction of the
Employer. The scope of works shall also comprise designing the earthing and lightning protection
systems as per the applicable standards and specific design basis listed below:

(M Average value of soil resistivity as measured for different electrode spacing, at site. (From 2
to 100 Meter or more in steps of 5, 10 Meter. At least 20 nos. readings shall be taken over
the plant area, each in two different directions)

(i) Permissible values of step and touch potentials based on weight of human being as 70 kg
and Earth fault current of 40 kA for 1 seconds
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(iii) Gravel with surface resistivity of 3000 ohm-m

(iv) Depth of burial of earth conductors of 600 mm below ground level
(v) Ground resistance with only electrodes of maximum 1 ohm.

(vi) Ground resistance of earthing grid of maximum 1 ohm

(vii) Corrosion allowance of at least 20 %

(viii)  Earthing conductor material shall be copper and electrode shall be of minimum 20 mm
diameter and 3 m long.

Earthing system design and calculations shall be subject to Employer approval.

The Contractor shall install bare earth conductors as required for the system and individual
equipment earthing. All the work such as cutting, bending, supporting, drilling, brazing / soldering,
clamping, bolting and connections to structures, equipment frames, terminals or other devices shall
be in the Contractor’s scope. All hardware and consumables such as fixing cleats / clamps, anchor
fasteners, lugs, bolts, nuts, washers, brazing electrodes, flux, bituminous compound, anti-corrosive
paint, etc. as required for the complete work shall be included by the Contractor.

Tap connections (earthing leads) of more than 500 mm long, from main earthing grid to equipment
shall be embedded in the floor by the Contractor together with associated civil work such as
chipping / chasing, concreting and surfacing, etc. The concrete cover over the conductor shall not
be less than 50 mm.

The scope of installation of earth conductors in outdoor areas, buried in ground shall include
excavation in earth up to 600 mm depth and 400mm width, laying of conductor at 600 mm depth,
brazing as required of main grid conductor joints as well as riser's up to 500 mm above ground at
required locations and backfilling. Backfilling material to be placed over buried conductor shall be
free from stones and other mixtures. Backfill shall be placed in layers of 150 mm, uniformly spread
along the trench and compacted. If the excavated soil is found unsuitable for backfilling, the
Contractor shall arrange for suitable material from outside. Earthing conductors in outdoor areas
shall be laid 1500mm away from buildings. The scope of installation of earth conductors in outdoor
areas buried in ground, shall include excavation of earth up to 600 mm depth, brazing / welding of
main grid conductor, joints as well as risers of length 500 mm above ground at required locations
and then backfilling.

Wherever earthing conductor crosses underground service duct and pipes, it shall be laid 300 mm
below them. If the distance is less than 300 mm, the earthing conductor shall be bonded to such
service ducts / pipes.

The scope of installation of electrodes shall include installation of electrodes in constructed earth
pits, and connecting to main buried earth grids. The scope of work shall include excavation,
construction of the earth pits including all materials required for treatment (salt, charcoal, chemicals,
etc.), placing the electrode and connecting to main earth grid conductors.

The work of embedment of earthing conductor in RCC floors / walls along with provision of earth
plate inserts / pads / earth risers shall be done by the Contractor preferably before the floors /
columns / walls are cast. The embedded conductors shall be connected to reinforcing rods
wherever necessary.

The scope of installation of earthing leads to the equipment and risers on steel structures / walls
shall include laying the conductors, brazing / cleating at specified intervals, brazing to the main
earth grids, risers, bolting at equipment terminals and coating brazed joints by bituminous paint.

Earthing and lightning protection system conductors along their run on walls / columns, etc. shall be
cleated at an interval of 750 mm.
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Main earthing conductor shall be buried below the trench at crossing points.

Metallic frames of all electrical equipment shall be earthed by two separate and distinct leads and
then connected with earthing system.

Neutral of a transformer shall be earthed to two separate earth electrode pit by two separate earth
leads.

Crane rails shall be connected to the earthing system.

An earthing mat shall be provided under the operating handle of the disconnector. Operating handle
of the disconnector and the supporting structure shall be bonded together by a flexible connection
and connected to earth grid.

Metal pipes and cable conduits shall be effectively bonded and earthed by earthing clamps
efficiently fastened to the conduit at both ends.

Neutral connection shall never be used for equipment earthing.

A separate earth electrode shall be provided for each lightning arrester and for each lightning
conductor down comer.

Cable sheaths and screen shall be bonded to the earthing system.

Armour of multicore cables shall be bonded to earthing system at both ends, while that of single
core cables shall be earthed at source end only. The size of conductor for bonding shall be
appropriate with the system fault current.

Conduits, fixtures, junction boxes, etc. shall be bonded to the earthing system by 16 SWG diameter
copper wire looped from lighting panel earth bus onwards. Outdoor lighting poles, junction boxes,
etc. shall be earthed by 12 SWG copper wires.

Street light pole and junction box shall be earthed with 12 SWG copper wires tapped off from the
earthing conductor to be laid along the street lighting cable.

All metallic parts such as transformer, fence, gate, etc. shall be properly earthed.

Wherever earthing conductor passes through walls, galvanized steel pipe sleeves shall be provided
for the passage of earthing conductor. The pipe ends shall be sealed by the Contractor, by suitable
water-proof compound. Water stops shall be provided wherever earthing conductor enters the
building from outside below ground level.

All connections in the main earth conductors buried in earth / concrete shall be brazed type.
Connections between main earthing conductor and earth leads shall also be of brazed type.
Connection between earth leads and equipment shall be by two bolts.

All electrical equipment shall be connected to the earth bus at two points except the lighting fittings
and junction boxes where single earthing shall be provided. Equipment in hazardous areas shall be
earthed in two places.

Overall earthing system resistances shall be measured and recorded in the presence of site
Employer during the dry season.

Resistance of each earth electrode with electrode isolated from the system.

Combined earth resistance of the installation measured at the substation, switch room and any
other point as directed by the site Employer.

The method of testing shall be as per 1S: 3043. The Contractor shall prepare the test report and
submit to the Employer. The effective earth resistance of the system shall be less than one ohm.
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The 415 volts neutral shall be solidly earthed by means of two separate and distinct connections to
the earth using conductor of appropriate size. Each connection shall be connected to an
independent earth interconnected between themselves and the main earthing grid to form an
earthing ring. The neutral earthing leads shall be kept away from the transformer tank and
protected inside wire mesh enclosure to prevent accidental contact.

Terminal joints in the equipment shall be bolted. The earthing conductors running underground
shall be laid approximately 600 mm below the grade level.

Removable test links shall be provided near the earth pits to facilitate testing of earth pits.

All paint, scale etc. shall be removed before earthing connections are made. Anchor bolts or fixing
bolts shall not be used for earthing connections.

Installation of lightning conductors on the roof of buildings shall include laying, anchoring, astening
and cleating of horizontal conductors, grouting of vertical rods wherever necessary, laying,
fastening / cleating / brazing of the down comers on the walls / columns of the building and
connection to the test links to be provided above ground level.

Lightning Protection System shall compromise vertical / horizontal air terminations, down
conductors, test limits and earth electrodes. Air terminations, down conductors and test links shall
be of galvanized steel conductors and earth connection below the ground level shall be of mild
steel.

Lightning protection system down-conductors shall not be connected to the conductors of safety
earthing system above ground level. The lightning protection system for the structures shall be
installed by forming a grid of exposed continuous earth conductors and taking down-comers along
the walls/supports of the structure and terminating the same at earth pits. A separate earth
electrode shall be provided for each lightning arrester and for each lightning conductor down comer.
The lightning protection system earth pits shall be inter-connected to form the safety earthing grid
provided for the building / structure. The safety earthing grid shall be connected to the mains grid of
the switch yard.

The lightning protection air termination rods and / or horizontal air termination conductors shall be
fixed in a firm manner. The necessary accessories such as cleats, clamps, brazing materials, bolts,
nuts, shall be supplied by Contractor.

Air termination systems shall be connected to earthing system by down conductors. There shall not
be any sharp bends, turns and kinks in the down conductors.

All joints in the down conductors shall be of brazed type. All metallic structure within 1 meter of
down conductors shall be bonded to lightning protection system.

Every down conductor shall be provided with a ‘test link’ mounted on wall / column at about 1000
mm above ground level housed in a 16 SWG GS enclosure. The test joint shall be directly
connected to the earth electrode.

The lightning protection system shall not be in direct contact with underground metallic service
ducts, cables, cable conduits and metal enclosures of electrical equipment. However, all metal
projections, railings, vents, tanks, etc. above the roof shall be bonded together to form a part of roof
grid.

Lightning protection system down conductors shall not be connected to other earthing conductors
above ground level. In addition, no intermediate earthing connection shall be made to lightning
arresters and transformer, whose earthing leads shall be directly connected to electrode pit.
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7.33.2 APPLICABLE STANDARDS

The earthing and lightning protection system shall conform to the Indian Electricity rules, and the
latest applicable standards indicated below:

Code of Practice for Earthing :1S: 3043/ANSI / IEE Std. 80 and 142,
IEC 61024

Code of Practice for the Protection of Building and : 1S:2309

allied structure against lightning

Hot dip galvanising © 1S:2629, 2633, 4759

Structural steel : 1S:2062 & 808

Welding . 1S:816

All electrical equipment must be efficiently double earthed in accordance with the requirement of IS:
3043 and relevant regulations of the local Electric Supply Authority.

7.33.3 EARTHING CONDUCTOR

The electrical installation shall wherever required be connected to the general mass of the earth by
an earthing conductor. The material used for the earthing conductor shall be as follows:

Q) Conductors above ground shall be copper flat;

(i) Conductor buried in the ground or embedded in concrete shall be copper, rod /flat.
Allowance shall be made for reduction in the cross section of the copper over the design
life of the earthing system;

The earth electrode system shall comprise one or more earth electrodes, earthing network, mesh or
a combination of these in order to obtain the required earth electrode resistance.

Earth electrodes where used shall be of heavy duty galvanised mild steel of not less than 40 mm
NB and 3000 mm long. Where multiple electrodes are used they shall be separated by a distance
of not less than the driven length.

Each earth electrode pipe shall be welded at the top to a copper plate to which the earthing tapes
shall be connected. These connections shall each be housed in individual concrete inspection
chamber set flush to the finished ground level and shall allow disconnection for testing of individual
electrodes. The chamber shall be permanently marked “Electrical Earth'.

All materials used for the earth electrode installation shall be purpose made for the application and
site conditions and shall be approved by the Employer.

Unless otherwise stated all excavation for the installation of the earth electrodes and the inspection
pit shall be carried out by the Contractor.

After the earth installation has been completed the Contractor shall demonstrate to the Employer
that the resistance of the electrodes to earth and the continuity of the earth network are within the
limits specified. Any additional earth electrodes and test instruments required for the tests shall be
provided by the Contractor.

Marker posts and plates shall be provided to mark the route of buried tape or conductor electrodes.
The markers shall be similar to those provided for cable routes.
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The lightning protection shall be provided by the contractor as per code of practice for lightning
protection — 1S: 2309.

7.33.4 EARTH PITS

The number of earth pits will depend upon soil resistivity and the voltage of the system. The earth
pit together with the electrode shall be constructed as per 1S: 3043. The minimum distance between
two earth pits shall not be less than twice the length of the electrode. A bolted assembly link shall
be provided in connection between earth electrode and the main earth conductor. Gl pipe for
watering shall be included in the earth pit.

Treated earth pits shall comprise of treatment material such as salt and charcoal or any other
conductivity enhancing compound. Treatment material placed around the electrode shall be finely
graded, free from stones and other harmful mixtures. Backfill shall be placed in 150 mm thick
uniformly spread and compacted layers. If excavated soil is found unsuitable for backfilling, the
Contractor shall arrange for a suitable soil from outside.

Earth electrodes shall be fabricated from minimum 20 mm diameter, 3m long, copper rod or 40 mm
diameter, 3m long GI pipe. The minimum spacing between adjacent electrodes shall be 6 m.
Design and constructional details of electrode pit shall be subject to the Employer approval.

Electrodes shall, as far as practicable, be embedded below permanent moisture level.

Test pits with concrete covers shall be provided for periodic testing of earth resistance. Installation
of electrodes in test pits shall be suitable for watering. The necessary materials required for
installation of test pits shall be supplied and installed by Contractor. The installation work shall also
include civil works such as excavation / drilling and connection to main earth grid. Earth electrode
pit marker shall be provided.

Treated earth pits shall be treated with suitable treatment material mentioned above, if average
electrical resistivity of soil is more than 20 ohm meter.

7.33.5 INSTRUMENTATION EARTH

An instrumentation earth bus, if required shall be provided in each control panel. This shall
comprise a copper flat of cross section not less than 25 x 6 mm and length to suit the number of
connections. It shall be mounted on at least two insulated supports and be provided with a single
earth connection to the instrument earth. If due to the physical size of a control panel more than
one instrument earth bar is required the additional bar shall be connected again with a single earth
connection to the same point as before. In this fashion all instrument earths shall be connected
radially from the same earth point.

The earth pit for instrumentation system shall be separate. Electric earth pit shall not be used for
earthing of instrumentation equipment. All signal cable screens (analogue and digital) shall be
terminated onto the instrument earth bar. Signal cable screens shall be earthed at the control panel
end only. Screens at the field end shall be tied back and insulated.

SPDs associated with the control and instrumentation system shall be earthed to the instrument
earth in accordance with the SPD manufacturer’'s recommendations.

7.33.6 GALVANIZING

Wherever galvanizing has been specified, the hot dip process shall be used. The galvanised
coating shall be of uniform thickness. Weight of Zinc coatings for various applications shall not be
less than those indicated below:
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Q) Fabricated Steel
Thickness less than 2 mm, but not less than 1.2 mm 340 gms/sq.m
Thickness less than 5 mm, but not less than 2 mm 460 gms/sq. m
Thickness 5 mm and over 610 gm /sg.m
(i) Fasteners
Upto nominal size M10 270 gms/sg.m
Over M10 300 gms/sg.m

Burrs shall be removed before galvanising. Any site modification of galvanised parts should be
covered well by zinc rich primer and aluminium paint.

7.33.7 TESTING OF EARTHING SYSTEM

Resistance of all earth electrode and total resistance of each group shall be tested to prove that the
value do not exceed that specified in the codes of practice or regulations and recorded. Earth pit
resistance shall not be more than 1 Ohm.

The continuity of earthing and resistance of each earthing connection to the equipment shall be
tested and recorded.

7.34 SAFETY REQUIREMENTS
7.34.1 SCOPE

This section covers the requirements of items to be provided in the sub-station for compliance with
statutory regulations, safety and operational needs.

7.34.2 REQUIREMENTS

Safety provisions shall be generally in conformity with the relevant Indian Standards and IE Rules
and Regulations. In particular the following items shall be provided:

(1) Insulation Mats: Insulation Mats conforming to IS: 5424-1969 shall be provided in front of
main switch boards and other control equipment as specified.

(i) First Aid Charts and First Aid Box: Charts (one in English, one in Hindi, one in
Punjabi), displaying methods of giving artificial respiration to a recipient of electrical shock
shall be prominently provided at appropriate place. Standard First Aid Boxes containing
materials as prescribed by St. John Ambulance brigade or Indian Red Cross should be
provided in each sub-station.

(iii) Danger Plate: Danger plates shall be provided on HV and MV equipments. MV danger
notice plate shall be 200mm x 150mm made of mild steel at least 2 mm thick vitreous
enameled white on both sides and with inscriptions in signal red colour on front side as
required.

(iv) Fire Extinguishers: Portable CO2 conforming to IS: 2878-1976 dry chemical conforming to
IS: 2171-1976 extinguishers shall be installed in the sub-station at suitable places as
specified.

(V) Fire Buckets: Fire buckets conforming to IS: 2546-1974 shall be installed with the suitable
stand for storage of water and sand.

(vi) Necessary number of caution boards as “Man - on - Line” “Don’t switch on” etc. shall be
available in the sub-station.

(vii)  Key Board: A key board of required size shall be provided at a proper place containing
castel key, and all other keys of sub-station and allied areas.
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7.34.3 SAFETY EQUIPMENT

Following safety equipment shall be provided at the specified locations:

Sand Bucket Extinguishers:

Two sand buckets of adequate capacity shall be installed in the transformer yard at accessible
locations:

Q) Dry CO:2 Fire Extinguishers: Dry carbon dioxide type portable fire extinguishers, of minimum
5 kg capacity, shall be provided in each panel room and laboratory.

(i) Insulating Anti-Skid Rubber Mats: 11KV grade anti-skid rubber mats shall be provided in
front of 11kv switchgear panels throughout the length of the switchgear.

(iii) 1.1 KV grade anti—skid rubber mats shall be provided in front of all LT switchgear
throughout the length of the switchgear.

(iv) Shock Treatment Charts: 2 nos. shock treatment charts in English and local language
(Hindi and Punjabi) as per relevant standards shall be provided in each panel room at an
approachable locations

(V) Danger Plates: “DANGER “plates indicating relevant voltage grade written in English and
local language (Hindi and Punjabi) shall be provided at all accessible sides of the following
locations-11kv switchgear room, Transformer yard and all LT panel rooms.

(vi) A set of 33 kV grade hand gloves and earthing rods.

(vii)  All electrical installations shall be duly approved by Chief Electrical Inspector to
Government (CEIG) and other statutory authorities. The Contractor shall bear the cost of
the same.

7.35 INSTALLATION AND COMMISSIONING OF ELECTRICAL EQUIPMENT
Before commissioning any switchgear panel, circuit breaker, motor starters etc. the following points
must be checked and ensured for safe energizing of the switchboard:

(1) That the erection of equipment to be commissioned is complete in all respect with its
auxiliaries and all other mountings including earthing.

(i) That all the openings in floor inside or outside the cubicle panels have been sealed off.

(iii) That all the cubicles panel doors, gaskets are intact and no other opening exists for vermin
entry.

(iv) That all the metering instruments have been checked and calibrated.
(V) That all control circuit fuses are of proper rating and showing continuity.
(vi) That all the indication lamps are healthy in position.

(vii)  That the mechanical parts of breaker closing and tripping mechanism have been checked
and lubricated and circuit breakers have been tested for contact level, contact pressure and
resistance and buffers are free and fully lubricated.

(viii)  That air vent pipe of CB is free and spots / shutter mechanism is okay.

(ix) That auxiliary contact have been checked for cleanliness and adequate contact pressure
and auxiliary contacts in series with tripping circuit open with opening of breaker.

x) That the polarity test and ratio test of all the PTs and CTs is over.

(xi) That the high voltage test of circuit breaker, bus bar and outgoing and incoming cables
have been conducted and are satisfactory.

(xii)  That all the protective relays have been tested for primary and secondary injection tests. All
thermal overloads relays and the contactor coils and operation of all the current and voltage
operated relays have been tested.

(xiii)  That the simulation tests for all protective, alarm and annunciation relays are okay and all
the relays have been properly set. That the manual closing and tripping have been tried
against shock and bouncing of the mechanism.
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(xiv)  That IR has been recorded for bus bar, circuit breakers, incoming and outgoing cables,
control wiring, and potential transformers. Joints resistance of high capacity bus bar has
been recorded and found to be satisfactory.

(xv)  That firefighting equipment like CTC, CO2 or soda ash extinguishers are kept ready for
use.

7.36 EMERGENCY EQUIPMENT (GENERAL)
7.36.1 FIRE EXTINGUISHERS

The Contractor shall provide minimum one CO: fire extinguishers (10 kg) at each of the TWs
outside the Dandibagh area and two fire extinguishers each in the two control rooms in Dandibagh
area.

7.36.2 FIRST AID KITS
Complete first aid kits shall be provided one at each TW and control room. The first aid kit shall
consist of all materials, medicines necessary for treatment of cuts, wounds, burns bad effects of

inhalation of chlorine, bad effects on skin due to contact of chemicals acids etc. Following materials
in general in sufficient quantities shall be provided.

e Medical cotton, sterile cotton pads.
¢ Cotton Bandages, elastic bandages.
e Pair of scissors, packet of new shaving blades.
e Sticking plaster for medical use.
e Band-aid strips.
Following chemicals/medicines shall be provided in sufficient quantities:
e Tinctures iodine and mercury chrome.
e Burnol ointment.
e Bottles of spirit and of Dettol.
e Toilet soaps.
To be procured under medical advice
e Tablets for bad-effects of chlorine inhalation.
e  Skin lotions and ointments for burns, acid effects.
e Eye drops for soothing effects.

7.36.3 FIRE EXTINGUISHER AND FIRST AID KITS SHALL BE PROVIDED AT THE END OF
THE COMMISSIONING PERIOD.

7.36.3.1Spillage and Leakage

e Chemical preparing, dosing and transfer equipment shall be designed and arranged so that
any leakage and spilling can be controlled and cannot enter ducts, channels, etc., and have
a corrosive impact on pipes, cables or other equipment of the plant.

At all lubrication or greasing points grease trays or pans shall be provided to collect excessive
lubricant or spillage onto the equipment or into water.

7.36.3.2 Spare Parts

The spare parts shall be new, unused and strictly interchangeable with the parts they are intended
to replace. They shall be treated and packed for long storage under the climatic conditions
prevailing at the site. The packing shall be clearly and durably labeled giving full details for the
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identification of the contents. All cases, containers and other packages containing the parts are
liable to be opened for such examination as the Employer-in-Charge may require and packing shall
be designed to facilitate opening and thereafter re-packing.
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8. SUB-SECTION 8: INSTRUMENTATION

Flow measuring system shall consist of flow sensor / transducers, flow computer, flow transmitter,
digital flow indicator and integrator and any other item required to complete the system.

Flow transducers shall be rugged in construction and shall be suitable for continuous operation.
Flow transducers shall have waterproof construction and shall be suitable for installation in
underground/above ground pipelines.

To avoid the effects of disturbances in the velocity profile, a straight and uninterrupted run,
upstream as well as downstream from the location of the flow sensor shall be provided in
accordance with the requirements of the flow meter manufacturer and in line with applicable
standards. Contractor shall finalize the exact location of flow transducers in consultation with
Employer.

The flow transmitter shall be suitable for field mounting and shall accept input from the flow
transducer. It shall process the input signal and provide 4-20 mA DC output proportional to flow
rate. Flow transmitters shall have LED display to indicate instantaneous flow rate. The flow range
shall be adjustable.

A zero span adjustment facility shall be provided for flow transmitter and indicator.
The following standards shall be followed:

(i) BSEN 24185 - Measurement of fluid flow in closed conduits - Weighing Method.

(ii) BS IS0 12765 — Measurement of fluid flow in closed conduits — Methods using transit-time
ultrasonic flow meters

(iii) 1SO 8316 — Measurement of fluid flow in closed conduits — Method by collection of the
liquid in a volumetric tank

(iv) BS EN ISO 6817 — Measurement of conductive liquid flow in closed conduits — Method
using electromagnetic flow meters

(v) BS EN 29104 (ISO 9104) — Measurement of fluid flow in closed conduit — Method of
evaluating the performance of electromagnetic flow measuring system for liquid

(vi) 1SO 9826: Measurement of liquid flow in open channel — Parshall Flume and Saniiri
Flumes.

Flow measurement shall not be affected by physical properties of water viz., temperature, pressure,
viscosity, density etc., within given limits. Contractor shall provide compensating electronic circuits
if required. The overall accuracy of flow measuring systems shall be at least £1.0 % of the
measured value unless otherwise stated.

8.1.1.1 Electromagnetic Full Bore Type Flow Meter

Full bore electromagnetic flow meter shall consist of flow sensor (i.e. flow tube), flow transmitter
and flow indicator and integrator and any other item required to complete the system. To avoid the
effects of disturbances in the velocity profile, a straight and uninterrupted run, upstream as well as
downstream from the location of the flow meter shall be provided, as required by the flow meter
manufacturer and in line with the applicable standards. Contractor shall finalize the exact location of
flow meter in consultation with Employer.

Flow measurement shall not be affected by physical properties of water viz., temperature, pressure
etc., within given limits. Contractor shall provide compensating electronic circuits, if required.

Balance works in Ten OHSRs Zones of Water Supply system in Bhagalpur Municipal Corporation — (BWSP 01 —
Package 02)




Volume lI- Particular Specifications, Part 1 - Construction Vol ll Part 1 -177

A lockable enclosure shall be provided for the flow transmitter cum computing unit.

Flow meters shall be suitable for the water turbidity at site during various seasons. Flow tube shall
be rugged in construction and shall be suitable for continuous operation. Flow tube shall have
waterproof construction and shall be suitable for installation on underground /above ground pipe
lines.

The flow computer and transmitter shall be a single unit suitable for field mounting. It shall accept
inputs from flow tube process the signals and shall provide an output proportional to the flow rate.
The output shall be suitable for transmitting over a long distance.

Mandatory Accessories:

1) The sensor should be as per IP-68 protection & with flanges of up to PN 10 rating from CS-1 No.
2) The sensor coil housing shall be IP-68.This protected against external magnetic field. 3) The
transmitter shall have one current 4 m A-20 mA output. 4) The current output shall be galvanically /
optically isolated. It shall be fitted with switched mode power supply capability 85- 260 V & 45-65
Hz to cope with power transients without damage. 5) Signal & power cables shall be of 50 meters
length/each. 6) Conduit pipe ( PVC Plumbing schedule 4 ) 25 mm diameter with suitable rating of
cable with digging, laying & concealed the duct - 25 meters/each. 7) UPS working on 230 V AC, 50
Hz power supply suitable for 12 hrs continuous operation-1 No. 8) Data storage capacity with built
in or separate for date time, actual flow rate, totalizer & error messages if any with storage capacity
of 120 days at 1 hour interval data logging-1 No. 9) Proper earthing shall be provided for protection
against high voltage surge.11) Suitable over voltage protection unit for protection of instrument from
higher voltage (up to 275 V-300 V AC).

General

1. Accuracy of flow measurement | +0.5% of measured value
during FAT

2. Overall accuracy of flow | £ 1.0 % of measured value
measurement loop.

Flow tube

0] Application : a) Clear Water Pumping

(i) Type : In line full bore electromagnetic

(i) Size of flow tube : Same as pipe size

(iv) Process connection : Flanged

(v) Weather Protection Class : IP 68 as per IS 13947

(vi) Surge protection devices (SPD) between : Required for protection from lightning surges

flow tube and flow transmitter

(vii) Material of Construction :

Electrodes : SS 316
Coil Housing (fully welded construction) SS 316,
Flanges : SS.316/CS
Grounding ring (Grounding Electrodes : SS 316

are not acceptable)

(viii) Flow tube Lining : Hard Rubber
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Flow Transmitter Unit

0] Type : Microprocessor based with facility
configure the ranges.

to

(ii) Type of display : 2-line backlit LED

totalizers (8-digit)

actual flow rate, forward, reverse and sum

(i) Units of display : Flow rate —-m?3 / hr

Totalized flow — ML

(iii) Input : From flow tube

(iv) Output : 4-20 mA DC (isolated) proportional to flow
rate

(v) Power Supply : As required

(vi) Zero and Span Adjustment : Required

(vii) Weather Protection Class : IP 65 as per IS 13947

(viii) | Battery backup for totalized flow

Type Online

Capacity 2.5 mVA

Backup Time 24 hours.
(xi) Facility for on line diagnosis : Required

Flow indicator and inteqrator

Specifications shall be as given under ‘Flow Indicator and Integrator’.

8.1.1.2 Calibration

The Electromagnetic flow meter shall be calibrated for three points for the full flow range specified
as per BS EN 29104 (Methods of evaluation of electromagnetic flow meters).

The flow meters at the outlet of ESRSs, direct pumping mains and at the DMA entry point shall be
selected to measure the entire regime of flow viz. peak flow to lean flow to satisfy the NRW
requirements and transmitted to the Master Control Centre.

The instrumentation provided at the DMAs shall be capable to measure and record reverse flow
and un-common flow shall be alarmed at the Master Control Centre.The calibration method shall
be either gravimetric method as per 1ISO 4185 (Measurement of fluid flow in closed conduits —
weighing method) or volumetric method as per ISO 8316 (Calibration by Volumetric Method). The
‘test bed’ shall be accredited by national /international certifying authority. The Contractor shall
produce accreditation certificates for the test facility and calibration certificate for the flow meter for
the review by Employer. The Contractor shall also demonstrate complete calibration on the test bed
in the flow meter laboratory. The flow meter shall be acceptable if the accuracy and repeatability is
equal to or better than those specified.

8.1.1.3 Flow Indicator and Integrator

Flow indicator and integrators shall be modular in design. It shall consist of two separate dedicated
displays for flow rate indication and total flow indication. It shall accept 4-20 mA DC isolated input.
The flow integration shall be carried out in the Programmable Logic Controller (PLC). The flow
indicator cum flow integrator shall provide 4-20 mA retransmission output proportional to flow rate.
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S. No. | Details Description
1 Type Microprocessor based
2 Mounting Front fascia of Control Panel
3 Display Digital, seven segment back lit LED display
4 Digit Height 14 mm or Higher
5 No. of Digits for
Flow indicator 4 Digits
Flow integrator 6 Digits
6 Input 4-20 mA DC (Isolated) from flow transmitter through analogue signal
multiplier (Refer Note 2)
7 Zero and span | Required
adjustment
8 Manual Reset Facility | Required (shall be password protected)
for flow integrator
9 Engineering units:
- Flow rate indicator | Cum/hr
- Flow integrator ML
10 Battery backup for | Required
integrator
11 Retransmitted output 4-20 mA proportional to flow rate
12 Alarm  and control | 2 NO+ 2NC for high-high, high and low alarms and trip (adjustable)
outputs
13 Communication port RS-485 (With Modbus protocol) for interfacing with PLC
14 Weather Protection | IP-52 of IS 13947 Part |
Class
14 Enclosure material Die cast aluminium
15 Accuracy + 0.25% of span or better.
Notes:
1. Digital flow indicator and flow integrator shall be a combined unit.
2. Facility shall be available in the analog signal multipliers and in the flow indicator and

integrator for providing excitation voltage for the flow transmitter in case of 2-wire flow
transmitters.

8.1.2 LEVEL MEASURING SYSTEM

8.1.2.1 General

Level measurement system shall consist of level transducer, level transmitter, digital level indicator
and any other items required to complete the level measuring system.

To reduce the effect of water turbulence in reservoirs / tanks, averaging facility should be provided
in the transmitter unit for providing steady readings. Stilling pipe shall be provided for level
electrodes.

Balance works in Ten OHSRs Zones of Water Supply system in Bhagalpur Municipal Corporation — (BWSP 01 —
Package 02)




Volume lI- Particular Specifications, Part 1 - Construction Vol Il Part 1 -180

The design and application of the level measuring system shall take into account the reservoir
construction, the material, size, shape, environment, process fluid or material, the presence of
foam, granules, size etc.

For ultrasonic type and radar level transducers, the design and installation shall avoid any
degradation of instrument performance due to spurious reflections, absorption, sound velocity
variations, sensor detection area, temperature fluctuations, specific gravity changes and
condensation. Facilities shall be provided for rejection of spurious reflection.

The level transmitters shall be mounted in suitable weatherproof lockable pedestal enclosures near
the level sensor.

8.1.2.2 Ultrasonic Type Level Measuring System

a) Ultrasonic type level measuring devices shall comprise of a transducer, a transmitter,
remote level indicator and all other items required completing the control system.

b) The level sensor and the field-mounted transmitter shall be separate and interconnected by
integral cable of sufficient length.

C) The transducer shall be suitable for flange or bracket mounting as required and shall be
environmentally protected as per IP65. It shall have ambient temperature compensation and
adjustable datum setting facilities.

d) The design and application of this ultrasonic level meters shall take into account the vessel
or channel construction, the material size, shape, environment, process fluid or material, the
presence of foam, granules, size etc.

e) The installation shall avoid any degradation of performance from spurious reflections,
absorption, sound velocity variations, sensor detection area, temperature fluctuations, specific
gravity changes and condensation. For application where spurious reflections are unavoidable the
control unit shall be provided with facilities for spurious reflection rejection.

1) General

1 Accuracy of measuring loop + 0.5% of full scale

2 Temperature compensation Required

II) Level sensor/ level transmitter

1. Weather protection IP-65 of IS 13947 Part |

2. Type Indicating type having back-lit LCD / LCD
display.

3. Output 4-20 mA DC, Isolated

4. Mounting Field

5. Process Connection Flange material SS 316

6. Programming facility with programmer | Required

7. Prefabricated integral cable for | Required

connecting sensor and transmitter

IIl) Digital Level Indicator

Specifications shall be as given under ‘Digital Panel Meters’.
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8.1.3 PRESSURE MEASURING SYSTEM

8.1.3.1 Pressure Transmitters with data logger

(i) Pressure measuring system shall consist of pressure transducer and transmitter and
digital pressure indicator and any other items required to complete the pressure
measuring system. Pressure transmitters shall be provided with a test port so that in-site
calibration can be carried out.

(i) The pressure transmitters at strategic locations in the DMAs shall be self-powered with
built-in battery and GPRS modem or optionally with self-powered Data logger with built-in
battery with minimum of 10 years battery backup and GPRS modem. The data logger
shall be capable of powering the pressure transmitter and transmit real time data to the
Master Control Centre.

(iii) Pressure transmitter shall be rugged in construction and shall be suitable for continuous
operation. Pressure transmitters shall be designed for operation over 130% of full range.
They shall be capable of withstanding surge pressures likely to occur in the monitored
system.

(iv) Pressure transmitters shall be suitable for field mounting. They shall provide 4-20 mA DC
output proportional to pressure. Transmitter output shall be isolated and shall be suitable
for transmitting over long distance. Pressure transmitters shall have high degree of
weatherproof protection as specified in technical particular.

(v) Pressure sensor shall be capable of operating in the range of pumps discharge pressure,
and be of the diaphragm type. It shall be provided complete with impulse tubings, fittings,
two valve manifolds with drain cock/calibration valve. Local and remote display units shall

be provided.
General
1 Measuring Range -1to 20 Bar
2 Accuracy of measuring loop +/- 0.1% of span

Pressure sensor and transmitter

1 Sensor Diaphragm Sensor
2 Material of sensor and other | SS316L
wetted parts/ Non-wetted parts
Material
3 Transmitter type 2-wire, Indicating type
4 Range Adjustable over full span
5 Zero and span adjustment Required
6 Output signal 4-20mA DC, Isolated
7 Enclosure protection IP 65 of IS 13947 Part |
8 Accessories 2-valve manifold with drain cock, impulse tubing,
snubbers and all installation hardware
9 Process Connection 72" NPT M
10 Digital Pressure Indicator As per panel meter specifications
11 Data Logger Shall be self-powered with built-in battery with
minimum of 10 years battery backup and GPRS
modem.
Shall be capable of powering the pressure
transmitter and transmit real time data to the
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Master Control Centre.

It shall have the minimum of 60 days pressure
data storage capacity.

8.1.3.2 Pressure Gauges

(i) Pressure gauges and vacuum gauges shall comply with IS 3624 / BS 1780. Glycerin filled
dial shall be provided where the gauge is subjected to pressure pulsation and / or
vibrations. The internal parts of pressure gauge shall be stainless steel.

(i) Pressure gauges shall be provided on discharge and on suction of each pump. Pressure
gauges shall be bourdon type and calibrated for the required range. The gauge shall be
supplied complete with impulse tubing, two valve manifold with drain cock, fittings etc.

(ili) The minimum diameter for pressure gauges shall be 150 mm. However, where the
pressure gauge forms part of equipment, the equipment manufacturer’'s standard sizes will
be acceptable.

1 Accuracy + 1% of full scale
2 Dial size 150 mm
3 Glass Shatterproof
4 Over range Protection 125% of maximum pressure
5 Housing Material Die Cast Aluminium
6 Material of sensor and other wetted | SS 316
parts
7 Accessories 2-valve manifold with drain cock, impulse
tubing, snubbers and all installation hardware

8.1.4 DOMESTIC WATER METER SPECIFICATIONS

Water meter straight reading will mean domestic water meters of various sizes, inferential type,
multi jet, magnetically coupled, with dry dial, Class 'B’ (or equivalent as per MID/OIML) conforming
to IS-779: 1994 with up to date amendments or ISO 4064:2005 standard with ISI/EEC/OIML/MID
certification mark and shall be with protection class IP-68.

The meters shall be supplied complete with G | fittings, brass nuts and brass nipples. Strainer
& sealing shall be provided as per relevant IS provision.

8.1.4.1 Material of construction:

1. The manufacturer shall provide specific details of materials used for various parts of the meter
which must meet the specifications for the material of construction of the individual parts of the
meters as per IS 779:1994 (latest amendments) or ISO 4064:2005.

2. The body of the meter shall be of either Brass or Bronze. The manufacturer shall specifically
mention in the offer, the metal used in manufacturing. Material that come in contact with the
water supply shall withstand 2 ppm (parts per million) of chlorine residual in water supply and
shall be resistant to corrosion.

3. The water meter and accessories shall be manufactured from materials of adequate strength
and durability. The materials, which come in contact with the potable water, shall not create
toxic hazard, shall not support microbial growth, and shall not give rise to unpleasant taste or
discoloration in the water supply.

4. The spindle and bearings inside the hydraulic chamber shall be made of polished stainless
steel with hard metal tip/ sapphire.

5. The internal pressure cup shall be made of low-ferrous brass not exceeding 0.02% Fe contents
/ empowering plastic. Furthermore the internal pressure cup should overlap the meter body.
The lower case of the meter shall be painted with thermal painting externally. The painting
materials should be safe for human uses and not affect human health (Health certificates
should be included in the bidding documents). The painting colour shall be decided in
consultation with the department after order of award.

Balance works in Ten OHSRs Zones of Water Supply system in Bhagalpur Municipal Corporation — (BWSP 01 —
Package 02)




Volume lI- Particular Specifications, Part 1 - Construction Vol Il Part 1 -183

6. Variation in weight of the meter will be permissible to + 5% of the weight indicated by the bidder
in his technical bid.

8.1.4.2 Markings on the Body of the Meter:

A. Marking on dial/ cap.
i. Class “B” (or MID/OIML equivalent)
. Multi jet/ Model Number
iii. ISI, EEC/MID or OIML Code No.
iv. Make/Brand
V. Serial No. / Year of Manufacture.
B. Embossing/ engraved on meter body.
i. 15 mm
ii. Direction of flow of water on both sides of the body of meter.

8.1.4.3 The Totalizer and Totalizer Shield:

The totalizer will be designed in such a way that even if the totalizer protective glass is broken the
totalizer cannot be removed from its place. The totalizer protective cover will be made of sturdy
glass/empowering plastic and will have a thickness of not less than 5mm and shall pass specified
tests. Sturdy glass is defined as the ability of the counter protection glass to withstand, without
damage, a free fall of a metal ball weighing 27.2 grams from a vertical distance of not less than 70
cm. Sturdy empowering plastic window is permitted subject to clear visibility till end of contract
period guaranteed by bidder.

Totalizer:
1. It shall be of straight reading type
2. The totalizer shall register in cubic meter units
3. The totalizer shall consist of a row of minimum five on-line consecutive digits to read at
least 99,999 m3.
Another three digits or pointers shall register flows in liters and be of a different colour.
The totalizer should be of closed type.
The totalizer must be suitable for test on an electronic test bench.
Totalizer shall be made of copper or stainless steel (SS) having 5 mm thickness mineral
glass to maintain IP68 protection class.
Meter will be provided with monolithic seal with copper wire.

No gk

©

8.2 CABLES FOR DC SIGNALS

Cables for DC signals shall be 1.5 sq.mm, 660V/1100V grade single pair / multi pair / single triad
/ multi traid cables using high conductivity annealed tinned stranded copper conductor having
extruded PVC insulation. The cables shall be shielded individual pair / traid and overall shielded
with aluminum Mylar tape with ATC drain wire run continuously in contact with aluminum tape
and inner sheathed with extruded PVC. Armouring shall be with galvanized steel wire and
overall sheath shall be extruded PVC. Applicable standard shall be IS 1554 / BS 5308 / IEC 189.

8.3 CABLES FOR AC SIGNALS

Cables for AC signals shall be 1.5 sq.mm, 660V/1100V multicore cables using high conductivity
annealed tinned stranded copper conductor having extruded PVC insulation. The cables shall
be inner sheathed with extruded PVC. Armouring shall be with galvanised steel wire and overall
sheath shall be extruded PVC. Applicable standard shall be IS 1554 / BS 5308 / IEC 189.

8.4 LAYING OF CABLES

a. A distance of minimum 300mm shall be maintained between the cables carrying low
voltage AC and DC signals and a distance of minimum 600mm shall be maintained
between cables carrying HT and LT signals. Each instrumentation and power supply
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cable shall be terminated to individual panel/ terminal box. Identification of each cable
shall be by proper ferrules at each junction as per cable schedule to be prepared by
Contractor.

Cables shall be laid in accordance with layout drawings and cable schedule which
shall be prepared by Contractor and submitted for Purchaser’s approval.

All cable routes shall be carefully measured and cables cut to the required lengths,
leaving sufficient amount for the final connection of the cable to the terminals on either
end. Various cable lengths cut from the cable reels shall be carefully selected to
prevent undue wastage of cables. A loop of 1 metre shall be left near each field
instrument before terminating the cable.

Cables shall be complete uncut lengths from one termination to the other.

All cables shall be identified close to their termination point by cable numbers as per
cable interconnection schedules. Identification tags shall be securely fastened to the
cables at both the ends.

Cable shall be rigidly supported on structural steel and masonry, using individually cast
or malleable iron galvanized clips, multiple cable supports or cable trays.

The Contractor shall take the actual measurement of the cables and the associated
accessories such as cable trays, conduits etc required at site, prior to the placement of
order on the cables.

8.5 JUNCTION BOXES

In order to make the most economic use of cable tray and duct capacity, multicore cabling
shall be utilised in order to connect instrumentation groups by using suitably located sub-
distribution junction boxes.

The junction boxes shall be readily accessible for maintenance and clearly labelled. Junction
boxes shall be constructed of die cast aluminum and provide degree of protection IP 65.

Separate cables shall be used for digital and analog signals.

Wires and terminals for the digital and analog signals shall be segregated within junction
boxes.

8.6 CABINETS FOR FIELD INSTRUMENTS

a.

A lockable cabinet shall be provided for enclosing instruments and associated
accessories which are mounted outside the control panel such as transmitters, SPDs,
terminal blocks etc. at measurement locations in consultation with Purchaser. The
cabinets for electronic indicating instruments like transmitters, flow transmitter cum
computing units etc. mounted outdoors shall be provided with proper sunshade.

The cabinets shall be fabricated from cold rolled sheet steel of 2 mm thickness with
powder coating and shall be suitable for wall mounting or pedestal mounting as
required.

The cabinet shall be properly painted from inside by white paint and from outside by
paint shade RAL 7032.

The cabinet shall conform to IP 65 weather protection and shall have built in locking
facility. The cabinet shall be earthed properly. A steel plate/pipe, as per the requirement,
shall be provided in the cabinet for mounting the instrument and accessories.

8.7 INSTALLATION OF INSTRUMENTS

Each instrument and sensing device shall be installed in accordance with the recommendations
or instructions of the manufacturer for the particular application. Each mounting position shall be
chosen to give correct operation of the equipment, accurate reproduction of the quantity to be
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measured, ease of operation, reading, maintenance and servicing, freedom from any condition
which could have adverse effects and with particular regard to the safety of personnel and plant.
Each item of plant shall be levelled and securely fixed to the surface, bracket or framework on
which it is mounted.

8.7.1 SURGE PROTECTION UNITS

Two numbers of surge protection units shall be provided for each signal loop and power loop for
field instruments located outdoor outside the building. One SPD shall be provided in the field near
transmitter and the other SPD of the loop shall be mounted in the control panel. The SPDs shall be
suitable for withstanding the surge arising out of high energy static discharge/ lightning strikes and
protect the instrument from any damage. SPDs shall provide three stages of protection through a
quick acting semiconductor like Tranzorb, zener diodes, varistors and an automatic disconnect and
reset circuit. SPDs shall be passive units and shall require no power for operation. During the
occurrence of a surge it shall clamp on the allowable voltage and pass the excess voltage to the
ground. The SPDs shall be of self-resetting type to minimize the down time of the measurement
loop. The SPDs shall have a weather proof casing and shall be suitable for field / back of panel
mounting. There should be total isolation between input, output and ground terminals. The SPDs
shall have a minimum surge rating of 10 KA.

8.8 UNINTERRUPTIBLE POWER SUPPLY (UPS) SYSTEM

a) Contractor shall provide Online Uninterruptible Power Supply (UPS) System with Two Hour
back-up time at full load for the PC based SCADA systems. Contractor shall clearly indicate the
offered UPS rating in the bid document.

b) The UPS shall be floor mounted, self-contained and metal clad.

c) The UPS shall be incorporating a six pulse rectifier and pulse width modulation inverter
technology with microprocessor control. It shall incorporate a static bypass switch that shall operate
in event of UPS failure, overload or manual initiation in order to transfer the output supply to mains
without disturbance to the output supply.

d) The batteries used for power supply system shall be rechargeable, Sealed Maintenance
Free (SMF) Lead Acid type. The battery supply to the UPS shall be via a fused load break switch
dis-connector circuit breaker. The battery recharge time to 90% of full charge shall be
approximately ten times the discharge time at full load.

e) The various alarms and status parameters of UPS system shall be made available to the
local SCADA system(s) for monitoring purpose using RS-232 serial communication port provided in
UPS offered.

f) Software for shutdown of the PC in case mains power supply is not restored shall be
provided as a part of the UPS.

0)] Total Harmonic Distortion (THD) of UPS shall be less than five percent and any single
harmonic distortion shall be less than three percent.

h) After a dip or failure of the supply, the rectifier controller shall ramp up the DC voltage
slowly.

i) Designing of all power supply items shall be as per the latest national/international

standards such as IS, BS and IEC. Employer has right to reject the system at any time, if standards
are not met by the Contractor. Contractor shall clearly indicate the standards.

)] Power supply scheme and all design calculations for selection of UPS and Battery capacity
shall be furnished by the Contractor in detail along with the bid document.

k) Based on the three phase 415 VAC power supply available at site all required AC/DC
voltages for SCADA and Communication system etc. shall be derived from this supply and proper
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isolation, earthing and safety requirements as per Indian Electricity (IE) Rules shall be complied by

the Contractor.

)] Contractor shall provide required and sufficient nos. of AC and DC feeders for the PC
based local SCADA system. At least 2 nos. of spare feeders shall be provided in AC, DC system.

m) The Uninterruptible Power Supply (UPS) System with SMF Lead Acid battery shall conform
to the minimum f