
The SE and SL ranges offer 
the highest total efficiency 
yet in a wastewater pump

Highest wire-to-water efficiency: The best yet, reducing 

your total costs and making life easier

Best hydraulic efficiency: No compromise on free 

passage, meaning better solids handling and greater 

non-clogging capabilities

Continual operation: Unprecedented reliability from 

superior mechanical design and advanced, intelligent 

control

The SE and SL ranges of wastewater pumps 
provide the highest total efficiency currently 
available. Innovative technologies from Grundfos 
bring together intelligence, motors, hydraulics and 
functionality to meet the challenges of modern 
wastewater, maximising the hydraulic, electrical 
and mechanical efficiency of your pumps.

NO COMPROMISE
BETWEEN FREE PASSAGE AND HYDRAULIC EFFICIENCY

See more at grundfos.com/no-compromise
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F
or any new project, engineering and 

mining companies select their 

pumping equipment for some very 

specifi c duty conditions and fl uid character-

istics. However, when months and years go 

by, some of these variables start changing, 

such as the pipeline internal diameter or the 

percentage of solid concentration in the 

fl uid, which can impact pumps heavily and 

even experience catastrophic failures if no 

corrective measures are taken. This is 

certainly not desirable for the end-user, as 

it operation does not perform as planned, 

nor the pump manufacturer that usually 

receives negative reviews of its product.

It is estimated that annual maintenance and 

operations on pumps is 50% greater than 

any other type of rotating machinery and, 

furthermore, that they represent 25 to 32% 

of total plant motor energy, making them a 

key equipment for any mining process. 

However, as shown in our award-winning 

article “Re-powering water reclaim systems” 

(World Pumps, Number 547, May 2012), 

there is a new way of doing things in the 

mining industry, with its main focus in effi  -

ciency, sustainability and cooperation 

between end-user and pump provider that 

allows to innovate and improve their process, 

and this project is another example of that.

Corrosive water in the Andes

Compañía Minera Doña Inés de Collahuasi 

is thought to be the world’s fourth largest 

copper mine and it counts as one of the 

biggest open-pit mine operations on the 

company pumped water to a reservoir 

tank connected through a manifold to a 

17.940 (hp) booster pumping station, as 

shown in Figure 1, with a total of ten 

Neptuno Pumps HA475 axial split case 

multistage pumps. Each pump had a 

capacity of 480 (m3/h) and a total 

dynamic head of 700 (m). These pumps 

were selected for pumping clean water 

with low sulphide and chloride concentra-

tions, as specifi ed in the original project; 

therefore they were fabricated in accord-

ance to the original quality of water 

which, at that time, only required metal-

lurgy of standard cast steel, operating 

with optimal performance and reliability 

planet. It is located at 4.400 m above sea 

level in the Andean plateau of northern 

Chile’s Tarapacá Region. A few years ago, the 

company incorporated a new source of 

fresh water to its process. However this 

water was characterized by its high levels of 

sulphides and chlorides, with values of 

6.500 (mg/l) and 50.000 (mg/l) respectively, 

making it one of the few places in the world 

with this poor and aggressive quality of 

water at such high altitude above sea level.

The pumping system

Before the incorporation of this highly 

corrosive water to their process, the 

Plant in one of the biggest open-pit mine operations on the planet 

have to handle the exceptionally poor and aggressive quality of 

water. This article discusses how a combination of a pump shaft 

upgrade and the use of non-galling advanced thermoplastic 

represented a huge improvement in the pump performance.

Mining industry gets 
pump improvements

Construction & mining

0262 1762/14 © 2014 Elsevier Ltd. All rights reserved

Figure 1. Booster station equipped with ten Neptuno Pumps HA475 axial split case multistage pumps with a total 

power of 17.940 (hp).
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Focus on Solutions:
Market-leading metering technology.
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Our world revolves around  
fl uid management and water 
treatment. Worldwide.

Be it the chemicals industry or paper production, 
water  treatment or -potable water supplies: 
innovative metering technology from ProMinent is in its 
 element wherever fl uids require accurate metering. At 60 
 locations worldwide we ensure that our customers‘ systems 
operate economically and reliably, saving energy and preser-
ving precious resources. This has made us a market leader 
with pioneering solutions that are also helping to protect the 
environment.

www.prominent.com 
Phone: +49 6221 842-0

for over fi ve years. However, before the 

incorporation of the new highly corrosive 

water to their process, the company, fore-

seeing a potential risk for its operation, 

contacted the pump manufacturer in 

order to study alternatives that would 

secure and guarantee a highly effi  cient 

and reliable operation. 

Material upgrade

Located in the same region, Neptuno 

Pumps has been working closely with 

Collahuasi since the beginning of its 

 operation back in 1999, been awarded 

with the company’s biggest pumping 

projects and having service and repairing 

contracts for more than ten years, deliv-

ering world class products, local service 

and innovative solutions. After being 

contacted by the end-user, its design and 

engineering team started studying the 

new pumping conditions and particularly 

the maximum concentrations of sulphides 

and chlorides in the water in its state-of-

the-art materials and foundry laboratory. 

With this information Neptuno Pumps 

could specify a special metallurgy that 

would withstand this highly corrosive 

application, while representing a cost-

eff ective alternative.  

As shown in Figure 2, the original pump 

casing was fabricated in standard cast 

steel, pump shaft was AISI 410 stainless 

steel, the wear rings were made in bronze 

SAE 660, pump bearings in AISI 420 and 

all fi ve impellers were manufactured in 

316 stainless steel. In order to guarantee 

the pumps performance under the new 

conditions, Neptuno Pumps specifi ed that 

the pump casing should be upgraded to 

stainless steel 316, due to the high 

 velocities and considerable mass of the 

part; this would eliminate any risk of 

chemical attack on the component, 

 guaranteeing a long lasting and highly 

effi  cient operation. 

On the other hand, impellers were 

upgraded to duplex 2205 due to its 

 superior mechanical and abrasion resistant 

characteristic.  The pump shaft was also 

upgraded to 17-4 PH stainless steel, which 

is a martensitic precipitation-hardening 

stainless steel that shows an outstanding 

combination of high strength, good 

corrosion resistance and toughness. 

However there was still one critical 

component that would represent a huge 

improvement in this new upgraded 

pump, providing exceptional performance 

results for this operation.

Figure 2. Original pump material confi guration, showing its wear rings in bronze SAE 660.
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• Low wear

• Corrosion resistant 

• Dimensional stability

• Low friction

• Longer life of metal counterparts

As a thermoplastic made from internally 

lubricated polymer, this non-galling, 

dimensional stable synthetic material is 

not subject to electrolytic corrosion and 

maintains its hardness keeping its 

compression strength and providing 

excellent resistance to creep while 

 maintains its long-lasting wearing 

 resistance characteristics.

Design & engineering

When using stainless steels for pumping 

corrosive fl uids, pumps are susceptible to 

suff er from pitting corrosion, and some 

design considerations must be applied in 

order to avoid this dangerous situation. 

Pitting is a highly localized type of 

 corrosion by which cavities are produced 

on the material’s surface. This generally 

happens in an oxygen defi cient environ-

ment when pumping an ionic solution 

with chloride, where the material is not 

allowed to reform the thin oxide layer 

which would normally protect the surface 

of a stainless steel component. 

Thus, it is imperative to detect poorly 

designed areas inside the pump that do not 

allow a normal fl ow and oxygenation of the 

fl uid -known as recirculation zones- which 

must be avoided. In order to guarantee so, 

a fully Computational Fluid Dynamics (CFD) 

analysis was developed, as shown in Figure 

4, in order to search for areas of recirculation 

and fl uid stagnation that could trigger 

corrosive attacks to the pump casing. 

Cavitation is another major issue 

 especially when pumping fl uids at high 

speeds of 3,000 rpm at high geographical 

altitudes. Let’s remember that the Net 

Positive Suction Head (available) -or 

NPSH(a)- for any system is stated as:

NPSH (a) = Ha + Hs – Hvpa – Hf

Where:

Ha  = Absolute pressure on the fl uid

Hs  = Static suction pressure

Hvpa = Vapor pressure of the fl uid

Hf  = Friction losses in the suction pipe

So, whenever altitude increases, or 

 atmospheric conditions change, the static 

suction pressure (Hs) changes too. In this 

case, for an altitude of 4,500 m above sea 

with tight tolerances, there should be a 

special consideration in order to avoid a 

particular phenomenon known as galling. 

At fi rst sight surfaces of all pump compo-

nents seem even and smooth, however 

microscopically they are irregular and rough, 

thus when these surfaces of stainless steel 

parts are in contact under high stresses 

over a great contact area, pumps can 

‘freeze-up’. This eff ect is especially undesired 

for the pump manufacturer when assem-

bling a pump; because it can compromise 

costly engineered components as well as 

several working hours, thus unnecessary 

extending equipment lead times. 

Most pump manufacturers have their own 

diametrical tolerances for their wear rings, 

other use API 610 recommendations, 

however when using materials such as 

stainless steel most of them increase this 

tolerances in order to avoid the risk of 

galling. This, of course, brings a new set 

of undesired consequences such as pump 

effi  ciency losses and high vibration levels. 

The use of advanced engineered thermo-

plastics, as shown in Figure 3, has become 

a big technical and operational advantage 

particularly for bushings, wear rings and 

bearings. This low friction material has 

diff erent mechanical and chemical 

 properties, such as:

Engineered polymers

As stated above, huge improvements can 

be accomplished by upgrading pumps 

metallurgy, especially when pumping 

highly corrosive fl uids.  However, there is 

still a major issue in pumps that is crucial 

for its long lasting and highly effi  cient 

performance, which is often overlooked: 

its wear rings. 

It is widely known that wear rings are a 

sacrifi cial element designed to control the 

fl ow recirculation in the pump. Usually this 

wear rings are fabricated in diff erent 

metallic materials, such as steels and 

bronze. However when using stainless steel 

pumps, where metal surfaces rub together 

About the author
Petar Ostojic is project & product 

manager of Neptuno Pumps, winner of 

the 2013 PIA’s ‘Technical Innovation of 

the Year-Projects’, the 2014 Manufac-

turing Leadership Award’s ‘Engineering 

& Production Technology Leadership’ in 

the USA and several innovation and 

sustainability awards for the mining 

industry in Chile. Ostojic is a Mechan-

ical Engineer from the Universidad 

Técnica Federico Santa María in Chile 

and earned his Master of Science in 

Mechanical Engineering from the 

University of Wisconsin-Madison (USA). 

Figure 3. Neptuno Pumps HA475 with its new material upgrade, showing its wear rings manufactures in a special 

engineered thermoplastic.

"When using stainless steel pumps, where metal 

surfaces rub together with tight tolerances, there 

should be a special consideration."
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Figure 4.  Computational fl uid dynamics (CFD) simulation for the Neptuno Pumps 

HA475.

Figure 5.  Comparison of the old bronze wear ring in bronze SAE 660, after 3.000 hours and the 

new wear ring manufactured in a special engineered polymer after 18.000 hours of operation.

level, the atmospheric pressure drops to 

0,58 (bar). In order to avoid this, some 

design improvements were performed to 

the upgraded equipment, such as 

increasing the inlet suction diameter of 

the pump casing, from 13 in to 14 in, and 

the re-adjustment of the of the impeller 

diameters in all its fi ve stages, optimizing 

its performance and reducing the NPSH 

required, at its best effi  ciency point, in 

approximately 10%. 

Results

The combination of the 17-4 PH pump 

shaft upgrade and the use of non-galling 

advanced thermoplastic represented a 

huge improvement in the pump 

 performance by providing a stiff er shaft 

material with additional bearing support 

in the center of the shaft where 

 defl ection is a potential risk. The 

 specifi cation of this engineered polymer, 

as shown in Figure 5, not only endured 

this highly corrosive application 

 mechanically intact, it also allowed the 

reduction of the wear ring and bushings 

tolerances in approximately 45%, having a 

huge impact on equipment vibration 

reduction, from 3 (mm/s) to 1,5 (mm/s), 

resulting in an improvement on the life 

cycle of critical pump components such 

as mechanical seals and bearings. 

The combination of material upgrade for 

the casing, shaft, wear rings, bushings and 

impellers was also a great operational 

success, improving pump operational 

availability in an outstanding 600%, from 

a previous operation of 3,000 hours 

(when adding the new corrosive water to 

the process) to approximately 18,000 

hours of continuous operation without 

any need of maintenance (an unparalleled 

performance for the mining industry 

standards), considerably minimizing 

unplanned downtime and improving the 

systems reliability. This innovative solution, 

obtained by the cooperation between 

end user and supplier, allowed savings of 

US$650.000 per year in terms of pump 

maintenance and overhaul.  
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