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1.00.0  SCOPE 

1.01.0 This specification covers the design, material, construction features, manufacture, inspection, testing the 
performance at the Vendor’s/Sub-Vendor’s Works and delivery to site of Horizontal Centrifugal Pumps. 

2.00.00 CODES AND STANDARDS 

2.01.0 The design, material, construction, manufacture inspection and performance testing of Horizontal Centrifugal 
Pumps shall comply with all currently applicable statutes, regulations and safety codes in the locality where 
the Equipment will be installed.  Nothing in these specifications shall be construed to relieve the Vendor of 
this responsibility. The Equipment supplied shall comply with the latest applicable Indian Standards listed 
below. Other National Standards are acceptable, if they are established to be equal or superior to the 
Indian Standards.  

2.02.0  List of Applicable Standards.  

1 IS : 1520 Horizontal Centrifugal Pumps for clear cold fresh water.

2 IS : 5120 Technical requirements of roto dynamic special purpose 
pumps.

3 API : 610 Centrifugal pumps for general refinery service.

4 IS : 5639 Pumps Handling Chemicals & corrosion liquids.

5 IS : 5659 Pumps for process water.

6 HIS Hydraulic Institute Standards, USA

7 ASTM-1-165-65 Standards Methods for Liquid Penetration Inspection.

2.03.03 In case of any contradiction with aforesaid standards and the stipulations as per the technical specifications 
as specified hereinafter the stipulations of the technical specifications shall prevail.  

3.00.00  DESIGN REQUIREMENTS 

3.01.00 The Pump shall be capable of developing the required total head at rated capacity for continuous 
operation.  Also the pumps shall be capable of being operated to give satisfactory performance at any 
point on the HQ characteristics curve over the operating range of 40% to 120% of the duty point. The 
maximum efficiency of pump shall be preferably be within +/- 10% of the rated design flow as indicated in 
the data sheets. The minimum efficiency of pumps shall be 40%. 

3.02.00 The total head capacity curve shall be continuously rising from the operating point towards shut-off without 
any zone of instability and with a minimum shut-off head of 15% more than the design head. 

3.03.00 Pumps of a particular category shall be identical and shall be suitable for parallel operation with equal load 
division.  The head Vs capacity and BHP Vs capacity characteristics should match to ensure even load 
sharing and trouble free operation throughout the range.  Components of identical pumps shall be 
interchangeable.  

3.04.00 Pumps shall run smoothly without undue noise and vibration.  Peak to peak vibration limits shall be 
restricted to the following values during operation:  

SPEED
Antifriction Bearing   Sleeve Bearing  

1500 rpm and below  75.0 micron  75.0 micron
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3.05.00 The noise level shall not exceed 85 dBA.  Overall sound pressure level reference 0.0002 microbar (the 
standard pressure reference for air sound measurement) at a distance of 1 M from the equipment.   

3.06.00 The pumps shall be capable of starting with discharge valve fully open and close condition. Motors shall be 
selected to suit to the above requirements. Continuous Motor rating (at 50 deg.C ambient) shall be atleast 
ten percent (10%) above the maximum load demand of the pump in the entire operating range to take care 
of the system frequency variation and no case less than the maximum power requirement at any condition 
of the entire characteristic curve of the pump.  

3.07.00 The kW rating of the drive unit shall be based on continuously driving the connected equipment for the 
conditions specified.  However, in cases where parallel operation of the pumps are specified, the actual 
motor rating is to be selected by the Bidder considering overloading of the pumps in the event of tripping of 
operating pump(s).   

3.08.00 Pumps shall be so designed that pump impellers and other accessories of the pumps are not damaged 
due to flow reversal.  

3.09.00 The Contractor under this specification shall assume full responsibility in the operation of pump and motor 
as a unit.

4.00.0 DESIGN CONSTRUCTION 

4.01.00  DESIGN AND CONSTRUCTION OF VARIOUS COMPONENTS OF THE PUMPS SHALL CONFORM TO 
THE FOLLOWING GENERAL SPECIFICATIONS.  FOR MATERIAL OF CONSTRUCTION OF THE 
COMPONENTS, DATA SHEETS SHALL BE REFERRED TO.  

4.02.0 Pump Casing 

4.02.01 Pump casing shall have axially or radially split type construction.  The casing shall be designed to 
withstand the maximum shut-off pressure developed by the pump at the pumping temperature.  

4.02.02 Pump casing shall be provided with a vent connection and piping with fittings & valves.  Casing drain as 
required shall be provided complete with drain valves, piping and plugs.  It shall be provided with a 
connection for suction and discharge pressure gauge as standard feature.  It shall be structurally sound to 
provide housing for the pump assembly and shall be designed hydraulically to minimum radial load at part 
load operation.  

4.03.00  Impeller 

4.03.01 Impeller shall be closed, semi-closed or open type, and it shall be designed in conformance with the 
detailed analysis of the liquid being handled.  

4.03.01 The impeller shall be secured to the shaft, and shall be retained against circumferential movement by 
keying, pinning or lock rings.  On pumps with overhung shaft, impellers shall be secured to the shaft by a 
lockout or cap screw which tightness in the direction of normal rotation. 

4.04.00  Impeller/Casing Wearing Rings 

4.04.01  Replaceable type wearing rings shall be provided at suitable locations of pumps.  Suitable method of 
locking the wearing ring shall be used.  Wearing rings shall be provided in pump casing and/or impeller as 
per manufacturer’s standard practice.  

4.05.00  Shaft 

4.05.01  The critical speed shall be well away from the operating speed and in no case less than 130% of the rated 
speed.  

4.05.02  The shaft shall be ground and polished to final dimensions and shall be adequately sized to withstand all 
stresses from rotor weight, hydraulic loads, vibration and torques coming in during operation. 
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4.06.00  Shaft Sleeves 

4.06.01  Renewable type fine finished shaft sleeves shall be provided at the stuffing boxes/mechanical seals.  
Length of the shaft sleeves must extend beyond the outer faces of gland packing of seal end plates so as 
to distinguish between the leakage between shaft and shaft sleeve and that past the seals/gland.  

4.06.02  Shaft sleeve shall be fastened to the shaft to prevent any leakage or loosening. Shaft and shaft sleeve 
assembly should ensure concentric rotation.   

4.07.00  Bearings 

4.07.01  Heavy duty bearings, adequately designed for the type of service specified in the enclosed pump data 
sheet and for long, trouble free operation shall be furnished 

4.07.02  The bearings offered shall be capable of taking both the radial and axial thrust coming into play during 
operation.  In case, sleeve bearings are offered additional thrust bearings shall be provided.  Antifriction 
bearings of standard type, if provided, shall be selected for a minimum life 16,000 hrs. of continuous 
operation at maximum axial and radial loads and rated speed.  

4.07.03  Proper lubricating arrangement for the bearings shall be provided.  The design shall be such that the 
bearing lubricating element does not contaminate the liquid pumped.  Where there is a possibility of liquid 
entering the bearings suitable arrangement in the form of deflectors or any other suitable arrangement 
must be provided ahead of bearings assembly.  

4.07.04  Bearings shall be easily accessible without disturbing the pump assembly.  A drain plug shall be provided 
at the bottom of each bearings housing.  

4.08.00  Stuffing Boxes 

4.08.01  Stuffing box design should permit replacement of packing without removing any part other than the gland.  

4.08.02  Stuffing boxes of packed ring construction type shall be provided wherever specified.  Packed ring stuffing 
boxes shall be properly lubricated and sealed as per service requirements and manufacturer’s standards.  
If external gland sealing is required, it shall be done from the pump discharge.  The Bidder shall provide 
the necessary piping valves, fittings etc. for the gland sealing connection. 

4.09.00  Mechanical Seals  

4.09.01  Wherever specified in pump data sheet, mechanical seals shall be provided.  Unless otherwise 
recommended by the tenderer, mechanical seals shall be of single type with either sliding gasket or 
bellows between the axially moving face and shaft sleeves or any other suitable type.  The sealing faces 
should be highly lapped surfaces of materials known for their low frictional coefficient and resistance to 
corrosion against the liquid being pumped.  

4.09.02  The pump supplier shall coordinate with the seal maker in establishing the seal chamber of circulation rate 
for maintaining a stable film at the seal face.  The seal piping system shall form an integral part of the 
pump assembly.  For the seals under vacuum service, the seal design must ensure sealing against 
atmospheric pressure even when the pumps are not operating.  Necessary provision for seal water supply 
along with complete piping fittings and valves as required shall form integral part of pump supply. 

4.10.00  Pump Shaft Motor Shaft Coupling  

4.10.01  The pump and motor shafts shall be connected with an adequately sized flexible coupling of proven design 
with a spacer to facilitate dismantling of the pump without disturbing the motor.  Necessary coupling guards 
shall also be provided.  

4.11.00  Base Plate  

4.11.01  A common base plate mounting both for the pump and motor shall be provided.  The base plate shall be 
fabricated steel and of rigid construction, suitably ribbed and reinforced.  Base plate and pump supports 
shall be so constructed and the piping unit so mounted as to minimize misalignment caused by mechanical 
forces such as normal piping strain, internal differential thermal expansion and hydraulic piping thrust.  
Suitable drain troughs and drip lip shall be provided.  
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4.12.00  Assembly and Dismantling  

4.12.01  Assembly and dismantling of each pump with drive motor shall be possible without disturbing the grouting 
base plate or alignment.  

4.13.00  Drive Motor (Prime Mover)  

4.13.01  The kW rating of the drive shall be based on continuously driving the connected equipment for the 
conditions specified.  In case, where parallel operation of the pumps are specified, the actual motor rating 
is to be selected by the tenderer considering overloading of the pumps in the event of tripping of operating 
pumps. 

5.00.00  TESTING FOR HORIZONTAL CENTRIFUGAL PUMPS  

The manufacturer shall conduct all tests required to ensure that the equipment furnished shall conform to 
the requirements of this specification and in compliance with the requirement of applicable Codes and 
Standards.  The particulars of the proposed tests shall be submitted to the Owner for approval before 
conducting the tests. 

5.01.00  Hydrostatic Tests  

All pressure parts shall be hydraulically tested at 200% of pump rated head or at 150% shut off head 
whichever is higher.  The test pressure shall be maintained for 1/2 hr. and no leakage shall be permitted.  
While arriving at the above pressure, the maximum suction head specified in Data Sheet shall be taken 
into account.  

5.02.00  Performance Tests  

5.02.01  All the pumps shall be tested in the Manufacture’s Works at rated speed for capacity, efficiency and brake 
horse power.  Pumps shall be given running test over the entire operating range covering from the shut off 
head to the maximum flow.  The duration of test shall be minimum one (1) hour.  A minimum of seven 
readings approximately equidistant shall be taken for plotting the curves with one point at design flow.  
Testing of pumps shall be in accordance with stipulations of Hydraulic Institute Standards or as applicable 
equivalent 

5.02.02 The test shall be preferably conducted with the actual motor being furnished.  

5.02.03 Only those pumps shall be subjected to strip down examination visually to check for mechanical damages 
after testing at shop in case abnormal noise level and excessive vibration is observed during the 
performance test. Otherwise strip down examination is limited to bearing inspection only. 

5.02.04 The pump accessories e.g. the thrust bearing, couplings etc. shall be subjected to tests as per 
manufacturer’s standards. 

5.03.00  Mechanical Balancing  

All rotating components of the pumps shall be statically balanced. In addition to static balancing, rotating 
components of the pumps shall be balanced dynamically at or near the operating speed.  Tenderer shall 
furnish acceptance norm for this test. 

5.04.00  Visual Inspection  

Pumps shall be offered for visual inspection by the bidder before shipment.  The components of the pumps 
shall not be painted before inspection.  

5.05.00  NPSH Test  

NPSH test shall be conducted with water as medium if required.  NPSH shall not be mandatory in case 
type test certificates are furnished for the similar rating of pumps.  

5.06.00  Noise and Vibration Measurement  

Noise and vibration shall be measured during the performance testing at shop as well as during the site 
test.  
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5.06.01 The noise level shall not exceed 85 dBA.  Noise level measurement will be made as per applicable 
internationally acceptable standard.  The measurement shall be carried out with calibrated integrating 
sound level meter meeting the requirement of IEC:651 or BS:5969 or IS:9779.  Sound pressure level will 
be measured all round the pump and motor set at a distance of one meter from the nearest surface of the 
machine and at a height of 1.5 m from the floor level.  A minimum of six (6) points should be covered for 
measurement.  The measurement shall be done with a slow response on the A-weighted scale.  The 
average of the A-Weighted sound pressure measurements expressed in decibels to a reference 0.0002 
microbars shall not exceed the specified value. 

The tests shall be carried out on the machine operating at rated speed and as near as possible to the rated 
power.  Corrections for background noise and correction on account of test environment will be considered 
in line with applicable standard.  For this purpose all the additional data required should necessarily be 
collected during the test.  

5.06.2 Vibration check will also be done as per HIS.  Vibration would be checked at thrust bearing locations on 
horizontal, radial and vertical direction.  The acceptance limits would be as per HIS.  The instrument used 
would be IRD 308 or equivalent with velocity pick-up.  Vibration limits to be specified as per the speed of 
the pump.  

5.07.00  Material Test Certificate  

5.07.01 Material of the various pump components shall be tested in accordance with the relevant standards.  Test 
certificates for these shall be furnished for the Owner’s approval.  

5.07.02 Where stage inspection is desired by BHEL/customer all material test certificates shall be correlated and 
verified with the actual material used for construction before starting fabrication by BHEL/customer’s 
inspector who will stamp the material. In case mill test certificate for the material are not available, the 
supplier shall carry out physical and chemical tests at his own cost from a testing agency, approved by 
BHEL/Customer, as per the requirement of specified material standard.  The sample for physical and 
chemical testing shall be drawn up in presence of BHEL/Customer’s inspector who shall also witness the 
testing. 

5.08.00  Non Destructive Testing  

(a) UT shall be carried out on shafts of diameter more than 50 mm. 

(b) DP tests shall be carried out on shaft and impeller. 

(c)   No weld repair shall be allowed on cast iron. 

5.09.00  Field Testing  

5.09.01 After installation, the pumps offered shall be operated to prove satisfactory performance as  individual 
equipment as well as a system run.  If the performance at site is found not to the requirements then the 
equipment shall be rectified or replaced by the Vendor, at no extra cost to the Owner.  The procedure of 
the above testing will be mutually agreed between the Owner and the contractor. Noice and vibration tests 
shall also be repeated at site. 

5.09.02    Based on observation of the trial operation, if modifications and repairs are necessary, the same shall be 
carried out by the contractor to the full satisfaction of the engineer and then the performance and 
guarantee tests to be repeated at site as per relevant clauses of the specification.

�

�
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SECTION: XI 

TECHNICAL SPECIFICATION 
FOR 

POSITIVE DISPLACEMENT PUMPS

1.00.00 INTENT OF SPECIFICATION 

 This specification covers the design, performance, manufacturing, shop testing, 
erection, testing & commissioning at site, of the positive displacement pumps. 

2.00.00 GENERAL DESIGN FEATURES 

 This specification provides guideline for design, manufacturing and testing of positive 
displacement pumps with variable capacity to inject chemicals, generally used in the 
treatment of water in metered amounts. 

2.01.00 Pumps shall be simplex/duplex type, positive displacement hydraulically operated 
diaphragm design, driven by squirrel cage induction motor through suitable speed 
reduction unit. 

2.02.00 The stroke shall be continuously adjustable to give a capacity variation 0-100% 
range, while the pump is running or stopped.  Adjustment of capacity shall be done 
automatically, wherever required, by pneumatic stroke positioner in proportion to a 
0.2 - 1.0 Kg/Sq.Cm air signal or manually.  For automatic pumps, in addition to the 
automatic control, manual control facility shall also be provided.  Manual control 
facility shall be of micrometric adjusting type. 

2.03.00 Capacity variation may be effected by changing eccentricity of the driving crank or by 
suitable hydraulic circuit.  Pump accuracy shall be industry standard,+_ 1% of capacity 
setting. 

2.04.00 Pumps shall be provided with an integral relief valve, spring operated, to release 
pressure when delivery line blockage occurs. 

2.05.00 Crank case shall be constructed of high quality cast iron, which will also house the 
gear box and guides for cross head. 

2.06.00 Material of construction should be as follows : 

� Crank case Cast iron. 
� Pump head Polypropylene. 
� Valve and valve housing Polypropylene. 
� Wheel Cast iron to a 48. 
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� Worm AISI 4142. 
� Shafts ( worm ) En 19. 
� Diaphragm Chemically inert teflon. 
� Base plate MS. 
� Foundation bolts MS. 

2.07.00 Suitable gland seal should be provided to prevent leakage. 

2.08.00 Electric drive motor particulars should follow Electrical Specification, enclosed 
herewith. 

3.00.00 TESTING 

3.01.00 Testing and Inspection at Manufacturer's Works 

3.01.01 The Manufacturer shall conduct all tests required to ensure that the equipment 
furnished conforms to the requirements of this specification and is in compliance with 
requirements of the applicable codes. 

The particulars of the proposed tests and the procedures for the tests shall be 
submitted to Purchaser for approval before conducting the tests. 

3.01.02 The representatives of Purchaser shall be given full access to all tests prior to pump 
performance tests.  The Manufacturer shall inform the Purchaser allowing adequate 
time so that if the Purchaser so desires, his representatives can witness the test. 

3.01.03 All materials and castings used for the equipment shall be of tested quality.  The test 
certificates shall be made available to Purchaser. 

3.01.04 The pump casing shall be hydraulically tested at 200% of pump operating pressure or 
15 Kg/Sq.Cm(g) whichever is higher.  The test pressure shall be maintained for at 
least half an hour. 

3.01.05 The rotating parts of pump drive shall be subjected to static balancing. 

3.01.06 All pumps shall be tested at the shop for capacity volumetric accuracy, repeatative 
accuracy, power and volumetric efficiency.  The tests are to be done according to the 
requirements of the "Hydraulic Institute" of U.S.A.  ASME Power Test Code and 
Indian Standards or as per API.- 675. 

3.01.07 The pump accessories e.g. gear box, speed reduction unit etc. will be subjected to 
tests as per Manufacturer's standards. 

3.01.08 The combined vibration of pump and motor should be restricted within limits specified 
by Hydraulic Institute Standards, USA, when the pump is in operation singly or in 
parallel. 
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3.01.09 Test reports and certificates of all the above mentioned tests to ensure satisfactory 
operation of the system shall be submitted to the Purchaser before despatch. 

3.01.10 Performance test shall be carried out for the setting of pressure relief valve. 

3.02.00 Test at Site 

 After erection at site, pumps under different services shall be operated to prove 
satisfactory performance as individual equipment as well as a system. 
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