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Abstract  
A plant of water treatment consists of an installation in which the water is treated and submitted 
to diverse processes depending on the industrial use to which it is destined. In case of a plant 
of treatment of waters proceeding from the refrigeration of a constant train of lamination, the 
elimination and separation of oils, filtration, refrigeration or the thickened one and dehydrated of 
mires they are some of the processes to which these waters surrender. In the majority of these 
plants, a circuit is dedicated to the direct refrigeration (water circuit of contact) and other one to 
the indirect refrigeration (water circuit of not contact). As the water circuit of contact it takes 
pollutant materials that reduce the useful life of the equipments of the rolling mill the principal 
aims of the plant they will be to extract these pollutant materials and to reduce the temperature 
of the fluid that is re-circulated to the train. In order to design the process we use a series of 
pre-established technical requirements, such as, for example, the increase in temperature 
needed to cool the fluid, the speed, flow, and pressure at specific points and the different 
concentrations of materials permitted in the water. 

Beside fulfilling the above mentioned requirements, one tries to optimize the process applying 
the following criteria: 

- To re-circulate the whole of the wealth that flows for the lines. 

- To reduce the consumption of the water. 

- To improve to the maximum the quality of the water that is re-circulated to the train. 

- To reduce the costs of maintenance, project of installation and costs of equipments. 

Using this information we will determine a water treatment process and then design and 
dimension the civil works. The fluid conduits will be calculated, and the equipment for pumping, 
filtering, cooling, extracting solids and oils will be selected, along with the instrumentation 
needed to control the plant.  

Keywords:  Waste-water purification plant, rolling-mill train, water treatment.  

 

1. Introduction 
In the rolling-mill train the “billet” used as raw material  is heated to 1080 ºC using natural gas in 
a glory hole with a radiant dome and three temperature control zones: preheating, heating and 
equalisation. The billet moves forward by means of walking beams and lateral discharge and 
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exits the furnace by means of an internal roller conveyor. When the product exits the furnace it 
is sent via a roller conveyor to the rolling-mill train formed by 18 continuous lamination jigs 
which reduce the diameter of the material for market consumption (after it has passed through 
a blunting and shearing area).  

 
Figure 1: Billet exiting the furnace. 

 

The material then passes on to two different final phases.  

• First phase for the production of sections, rounded bars and corrugated bars. 

• Second phase for the production of wire rolls. 

The water has the following function in the lamination process:  

All rolling-mill trains must have a water treatment plant for cooling purposes and to eliminate the 
particles which the water picks up in the lamination process. 

In the entire process water is present with the main function of cooling, essentially due to the 
need to protect the machinery which enters into contact with the material during the production 
process from excessive temperatures, performing the quenching of the product in the water 
boxes and the cooling of lubrication oils and hydraulic equipment.(Montalvo,2007) 

There are two different effluents to be treated: contact water and non contact water. 

Contact water cools the different points and materials subject to high temperatures by contact.  
It is a non-watertight circuit which cools the rolling-mill train (guides, rollers, etc.) as well as the 
furnace. It is also used in the flushing process, which consists in the application of a direct jet of 
water to eliminate remains of steel deposited on the furnace floor. This effluent is subject to a 
series of conditions that increase its temperature, and it is also mixed with solid particles 
(mainly scale - iron oxides), plus grease and oil which is removed by the effluent. (Mataix, 
2006)  

In the case of non contact water the circuits are watertight and cooling affects the billet 
heating furnace components and the oil in hydraulic systems and oil used for lubrication in the 
production process. 

These cooling points have their own filtering equipment, and so the non contact water is only 
heated during the productive process. 
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The two types of effluents must be treated in totally independent circuits, without any possible 
communication between them. 

 

2. Environmental study 
All of the Regulations to be considered for the Supply of Water, Discharge and Purification, the 
Environment, Environmental Impact and Waste, are analysed, and the following points 
considered: 

2.1.  Waste Products. Destination and Management.  

The following products may be analysed as elements which have an environmental impact: 

● Drainage Water 

The appropriate authorisation for discharges used for the discharge of controlled water is 
required for the system.  In addition, a Water Service Technical Report may be provided 
certifying this for any such plant. Said report shows that the concentrations of chlorides and the 
conductivity present in the drained water do not exceed the concentration limits established by 
the council’s General Urban Plan.  

● Inorganic sludge after the filter press process. 

This sludge is the result of the process performed in the filter press, and once obtained is taken 
to the corresponding recycling plant.  

● Chemical additives. 

The chemical additives are stored in the tank in such a manner that they do not come 
into contact with the atmosphere until they are mixed with the water. These additives, 
responsible for carrying out a chemical process, have the following functions: 

- Biocide action 

- Dispersing action 

- Rust inhibitors  

- Incrustation inhibitors  

● Oil and grease from the separation process in the Oil Skimmer. 

This oil collects in a gutter in the decanters and is carried to an oil tank (after having 
been separated from the water).  From this tank it is carried to the corresponding recycling 
plant.  

2.2.  Water inflow requirements: Consumption and source 

Water inflow comes from a river located some 67 metres from the scale ditch and 108 metres 
from the non-contact reservoirs. These are the inflow points.  The effluent receives an anti-
algae treatment via the incorporation of a biocide product which is automatically added using a 
pump and tank.   
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It is used when the reservoirs are first filled during plant start up, and later, on occasions when 
the concentrations have to be varied. 

 

3. Specifications to be satisfied by the facilities 

3.1. Requirements in the effluent circuits 

In general terms, two water circuits are required, one for the contact water, and another for the 
non-contact water.  The contact water circuit requires 2500 m3/hour, according to the supplied 
design information, and has been designed to support up to 3000 m3/hour and a pressure of 
6.5 bar, plus the pressure required to overcome losses. This water flow is divided into two 
circuits: the first circuit (1400 m3/hour) will be used from the kiln to box 18; the remaining flow 
will supply the quenching process and will be used from box 18 to the output of the lamination 
process. The water is then treated in the Scale Pit (or in the Receiver Pool in the case of the 
water from the quenching process and the water used to cool the area from box 18 to the 
outflow).  It then undergoes a second decantation in the dual decantation reservoirs and the 
process continues via the oil skimmer, filtration and cooling, with cooling towers calculated to 
withstand a temperature variation of 15 degrees centigrade (45ºC inflow and 30ºC outflow).  

The non-contact water circuit requires a flow of 1200 m3/hour and has been designed to 
function with a flow up to 1440 m3/hour at a pressure of 5 bar, plus the pressure required to 
overcome losses. It will supply the kiln/lamination circuits and the lubrication circuits. The water 
is then cooled using towers which are designed to withstand a temperature drop of 15 degrees 
centigrade (45ºC inflow and 30ºC outflow).   

For the evaluation of the drops in pressure in the water treatment system's pipes, the maximum 
speed for the circulation of the water has been taken to be 1.5 m/sec. As a consequence the 
characteristics of the pumps and the dimensions established for the pipes have been chosen in 
accordance.  

3.2. Effluent flow 

The flows of effluents supplied by the water treatment plant will depend on the operating status 
of the production process. The following cases have been identified: 

• Full production: the nominal flows of the effluents correspond to this situation. 

• No production and the kiln hot: in this situation production is halted, but the kiln is hot and 
ready to begin production in a short period of time.  This situation corresponds to moments 
when different types of repairs and adjustments to the production machinery are being carried 
out. 

• No production and the kiln cold: all of the machinery has been halted. There is no need to 
provide cooling water. 

In all the water flow figures for the design of the water treatment plant, an overload margin of 
20% has been used. Tables 1 and 2 show the flows for contact water and non-contact water 
respectively, in each area, once overdimensioning has been applied.  
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CONTACT WATER FLOWS 

NOMINAL PRODUCTION FLOW OVERDIMENSIONING DESIGN FLOW 

(m3/h)   (m3/h) 

Kiln-box 18 inflow 1100 20% 1320 

Box 18-kiln outflow 900 20% 1080 

Thermal treatment 500 20% 600 

Total to be processed 2500 20% 3000 

NOMINALS FLOW WITHOUT PRODUCTION OVERDIMENSIONING DESIGN FLOW 

(m3/h)   (m3/h) 

Hot kiln 1000 20% 1200 

Cold kiln 0 20% 0 

Table 1: Contact water flows 

 

NON-CONTACT WATER FLOWS 

NOMINAL PRODUCTION FLOW OVERDIMENSIONING DESIGN FLOW 

(m3/h)   (m3/h) 

Total to be processed 1200 20% 1440 

NOMINALS FLOW WITHOUT PRODUCTION OVERDIMENSIONING DESIGN FLOW 

(m3/h)   (m3/h) 

Hot kiln 1200 20% 1440 

Cold kiln 0 20% 0 

Table 2: No-contact water flows. 

 

3.3 Physical-chemical characteristics of the effluents 

The following tables show the physical-chemical characteristics of the effluents in terms of 
solute concentrations, Ph, temperature, pressure, etc. during the normal operation of the 
system. 
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CONTACT WATER 

Ph  7-8,5 

Alkalinity  50-300 mg/l 

CaCO3  30-380 mg/l 

Mg2  0-120 mg/l 

Cl max  250 mg/l 

Fe max  0,5 mg/l 

SO4 max  200 mg/l 

PO4 max  0 mg/l 

SiO2 max  75 mg/l 

TDS (total dissolved solids)  1500 mg/l 

Total suspended solids  50-80 mg/l 

Maximum size of suspended solids 200 µm 

Maximum oil content  10 mg/l 

Minimum pressure  4 bar 

Maximum temperature  30 ⁰C 

Table 3: Physical-chemical characteristics of the contact water. 

 

NON‐CONTACT WATER 

Ph    7‐8,1 

Alkalinity    3,2 mg/l 

CaCO3    19 ppm 

Ca+2    240 ppm 

Mg+2    84 ppm 

Cl‐    102,9 ppm 

Fe+3    4,4 ppm 

PO4    1,85 ppm 

SO4    725 mg/l 

HCO3    195,2 ppm 

Total suspended solids    10‐20mg/l 

Maximum size of suspended solids  0,1 mm 

Minimum pressure    4 bar 

Maximum temperature    30 ⁰C 

Table 4: Physical-chemical characteristics of the non-contact water. 
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Bearing in mind that, amongst other reasons, given the evaporation of the water in the 
effluents, the concentrations of solutes will tend to increase, the water treatment plant, should, 
as far as possible, counteract this effect.  During continuous operation the plant will not be able 
to treat the concentration of each solute independently. As a result, the measure used to control 
the level of solutes will be by means of conductivity meters, measuring the conductivity of the 
contact and non-contact water. Based on these readings the circuits will be flushed with clean 
water. The plant will have suitable resources to perform this operation.  

The effluents will be subject to periodical chemical analyses, performed by qualified staff. They 
will determine, based on the information received, any preliminary treatments needed and the 
amount of water inflow required so that the flushing operations have the desired effect. They 
will also determine the frequency with which said analyses need to be performed and the 
corresponding conductivity of the aforementioned solute concentrations.   The water treatment 
plant will not contain devices for the chemical conditioning of the inflow water, and will only 
have effluent drainage and inflow lines. As a consequence of this, the water treatment plant 
must ensure that the following parameters are observed for the effluents: 

 

CONTACT WATER 

Conductivity  To be determined 

Maximum size of suspended solids  200 µm 

Maximum oil content  10 mg/l 

Minimum pressure  6,5 bar 

Maximum temperature  30 ⁰C 

Table 5: Parameters for the contact water. 

 

NON‐CONTACT WATER 

Conductivity    To be determined 

Minimum pressure    5 bar 

Maximum temperature    30 ⁰C 

Table 6: Parameters for the non-contact water. 

 

It should be borne in mind that, for the contact water circuit, the evaporation of water as it 
passes through the production process has been established at 2.5% of the total flow.  All of 
the devices used to cool the non-contact water have individual filtering equipment. Thus, control 
of the size of solids in suspension in this effluent will not depend on the water treatment plant.   

3.4 Particles removed by the effluents  

During cooling, when the effluents pass through the production process, their temperature 
increases and they also remove a series of different particles.   The contact water removes 
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solid particles of different sizes, mainly scale. If we consider that the maximum capacity of the 
rolling-mill train is 90 Tonnes/hour, and we estimate a formation of scale equal to 0.2% of the 
production total, the maximum amount of scale that the contact water will remove is 18 Kg/hour, 
with a density of 7.65 g/cm3.   

It will also remove a maximum quantity of 40 l/hour of oil and grease from possible overflows 
and leaks in the greasing and lubrication mechanisms. 

Given that the contact water circuit is closed and water-tight, it will not remove significant 
amounts of particles. Moreover, all of the equipment which functions in the productive process 
possesses its own individual filtering devices. As such, for the treatment process of this effluent 
the possibility of the existence of particles which interfere with the normal operation of the 
circuit will not be considered.  

3.5 Thermal information 

The maximum temperature of the water inflow after having passed through the production 
process will be 45ºC; the water treatment plant will be capable of reducing its temperature tp a 
value less than 30ºC. In relation to tower cooling a wet bulb temperature of 21ºC is applicable.  

3.6 Refrigeration towers 

The possible presence of the legionella bacterium in the cooling towers needs to be borne in 
mind, as this bacterium develops rapidly in water in the temperature range of 20 to 45ºC, and it 
is carried on the air.  The following design factor swill be considered: 

• The cooling towers will have highly-efficient drop separators.  (The amount of water 
removed will be less than 0.1% of the flow passing through the tower.) 

• To avoid the formation of rust in the towers plastics, galvanized steel and stainless steel 
will be used. 

• Sections of dead-end pipes will be avoided, and drainage valves will be fitted.   

• The equipment will be accessible for their inspection and cleaning.  

• The water collector will have a minimum gradient of 2% to drain off the water and will 
also have water outlets.  

Other preventative actions will be carried out via factors external to the design, as a specialised 
company will be hired which will be responsible for the inspection and cleaning of the 
equipment.  

Disinfection will be carried out using authorised disinfectants. 5 ppm of chlorine will be injected 
along with the biodispersant in the tray. The pumps will then be left running for five hours with 
the fans switched off.  

Next, all the water will be removed from the circuit and it will be thoroughly cleaned, with further 
water added until the drained off water appears to be clean.   Lastly, it will be filled with clean 
water and 10 ppm of chlorine will be added, with the pumps operating and the fans switched off 
for five hours. The chlorine levels will be checked every hour.  

The water’s conditions will be controlled in a continuous, automatic manner, via the flushing out 
of dirty water and replacement with clean water, the addition of biodispersants and biocides, 
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lime prevention agents, and agents designed to prevent the rusting of the metal parts in the 
circuit.  

The water will be drained from the tray when the apparatus is no longer in use. 

3.7 Surface treatment of tubing which is prone to rusting  

All of the pipes which are prone to rusting must be treated on the outside with an appropriate 
coating for outdoor weather conditions, with the average lifetime for the system being 15 years.  

3.8 System reliability  

All of the effluent pumping systems will have redundant systems (one reserve system). This will 
start automatically if any of the pumps suddenly fails.  Floating level indicators will be fitted and 
will operate in conjunction with the ultrasonic level indicators to thus increase the safety of the 
level measurements if the ultrasonic level indicators fail.  

3.9 Power supply 

The electrical power supply for the water treatment plant will be a triphase voltage of 380 V / 50 
Hz, a monophase voltage of 220 V / 50 Hz , and an earth connection.  

It will also have a 7 bar compressed-air pipe, used to supply and operate the pneumatic 
equipment, and another 2 bar line to control the lines using suitable devices (such as pressure 
gauges).  
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4. Process description 
Figure 2 shows a simplified version of the process followed in the water treatment plant.  

As we mentioned in section 1, there are two water circuits: the contact water circuit and the 
non-contact water circuit. (Diaz, 2007). The path of each circuit is described below. 

 

 
Figure 2: Basic schema of the process in the plant. 

This is a closed circuit where water is not contaminated by scale particles, grease or oil. The 
circuit runs between the cooling towers and the train, where the water cools the lubrication 
systems and some of the furnace components.  There are two phases in this process: effluent 
cooling and feedback to the production process. 
As can be seen in figure 2, part of the flow used for cooling the furnace, during lamination, and 
for cooling purposes during quenching is directed to the reception pool or the mill scale pit; the 
other part of the flow is used to cool the rest of the furnace and lamination.   

In the billet heating furnace water is used as a fire damper in open areas of the combustion 
chamber. In the lamination section this effluent is sent via manifolds to each lamination cylinder, 
and a direct jet of water is applied to the surface of each cylinder in order to protect them from 
overheating due to contact with the material in the production process. The jets also remove 
scale particles from the cylinders’ surfaces which could cause defects in the product. As a 
result of passing through the interior of the lamination boxes the effluent contains oil and grease 
particles (from leaks and spillage in the machine’s lubrication systems).  

The flow used in the quenching process has a temperature of less than 30ºC and is directed 
through tubes from the water treatment plant to the suction header of the quenching pumps. It 
is then carried to the inside of the guiding tubes through which the material circulates in the 
production phase (shaped so that the material acquires the required physical properties).   

As a result of the direct contact between the water and the incandescent steel (of the product) 
the water carries scale particles to an open channel which is used to direct the effluent. The 
channel has the same morphology as that of the furnace/lamination area.  

“Selected Proceedings from the 12th International Congress on Project Engineering”. 
                                                  (Zaragoza, July 2008)



Area: Production Process Engineering 

 
 

 

353 
 

 

 

            

           

           

           

           

           

           

           

           

 
Figure 3. Layout of the contact circuit in the train. 

 

After having performed these functions, the water is carried by force of gravity through two 
similar channels. The channels have a gradient which ensures that the effluent circulates at a 
sufficient speed so as to avoid sedimentation of the solids in suspension. As can be seen in 
figure 3, one of the channels leads to the scale pit and the other to the reception pool.  

The flow being treated consists of water with a maximum temperature of 45ºC, with scale 
particles of different sizes, and a maximum of 40 l/hour of oils/grease. The loss of effluent via 
evaporation during the production process will be 2.5% of the total inflow.  

The phases of this circuit are as follows: 

• Separation of solids in suspension 

Separation of solids in suspension is carried out by decantation in several phases taking into 
account that the solid particles to be separated in the first phase will be scale particles, with a 
density of 7.65 g/cm3. 

This phase is performed in both the scale pit and the reception pool, where the water is carried 
by force of gravity. 

The second phase of decantation takes place in the decanters, where the water is sent through 
a pressure pipe line from the pumping areas of the scale pit and the reception pool.   

In addition, the decanters will receive water from the cleaning of the filters, from the thickener, 
and the floating material reservoir, after carrying out their corresponding processes as 
explained in detail below.   The dimensions of the decantation reservoirs will be determined 
taking into account that the minimum size of the particles to settle in the scale ditch is 200 µm 
(worst possible case), with a variable decantation time in each reservoir. In the scale ditch the 
particles are heavier and less time and decantation space will be required. The decanted solids 
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will be extracted using a suspended amphibious grab and will be deposited in areas destined 
for that purpose.   The decanters will be calculated for a decantation time of 75 minutes. 

• Separation of oils 

Oil separation occurs in a pond designed for that purpose. Separation takes place due to the 
difference in density between the oil and water. The oils tend to form a film on the surface of the 
water. This is then extracted using a belt oil remover. The extracted oil is then sent to a 
hermetic storage tank.  

• Filtering 

As a precautionary measure a series of automatic-cleaning filters with a micronage of 200 µm., 
are used, in case any particles are still present after the decantation phase. 

• Cooling of the effluent 

The flow to be processed is sent by means of a series of pumps through the abovementioned 
bank of filters to the top of several prefabricated cooling towers. The cooled water is stored in 
pools beneath the towers which support the towers themselves. 

• Feedback to the production  process 

Part of the total flow is pumped at a specified pressure from the contact water ponds to supply 
the furnace-lamination areas; the rest of the flow is carried by its own weight from the pool to 
the quenching area.  

 

5. Conclusion 
If one compares the design of this water treatment plant to that of the majority of the plants 
currently used in the iron and steel industry, the following points standout: 

• The water treatment process is based on decantation and not filtration (that is why time 
required for decantation is so high). It results in economic savings as less filtration equipment is 
required. 

• The decanters are rectangular and not circular, which results in  more uniform 
sedimentation.  As for the scraping beams, the force which the beam applies when moving 
along the pond is also more uniform, whilst in the case of beams used in circular decanters the 
end of the beam furthest from the centre is subject to much higher momentum, thus requiring 
the use of a more powerful electrical engine and a more robust beam. 

• Filtering before the cooling towers is performed using a ring filter and not sand filters. The 
most important advantages of using this system are as follows: 

- In the sand filters, during the washing phase generated by back-flow water supported by 
an air flow in the same direction, of particles of scale are found in the filters then, the back-wash 
will first expel sand particles of a lower density. These scale remains will be retained in the 
filter. When this scale rusts it may cause discolorations and impurities in the outflow water, 
amongst other effects.   This is not the case in the ring filters. Here the particles are trapped 
between the lower and upper discs.  

- A considerably lower amount of cleaning water is required during the cleaning phase of 
the ring filter. A specially designed system allows the rings to be separated which helps when 
removing the filtered particles from the equipment.   For sake of comparison, in the set of 
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designed ring filters, the cleaning phase may last a total of 6 minutes every two hours, creating 
a washing flow of 5.3 m3/every two hours. With an equivalent sand filter, the duration of the 
cleaning phase may be 10 minutes per filter. If a system with 6 filters was designed, then this 
would mean 60 minutes every two hours, that is, 250 m3/every two hours. This would create the 
need for more tubing, pumps, pool civil works, consumed energy, introduction of sand into the 
system, recycled water flow, etc. 

- The plant only requires a 9 by 2 metre area, and thus takes up less space. 

- This avoids the need for reloading or cleaning of sand because of oil or grease. 

- Filtering efficiency is constant and never varies: it does not vary as the size of retained 
particles depends on the distance between the rings; and filtering is constant because 
“preferred channels” do not form (which occurs in sand filtering).  

- This means that the proposed solution is more compact, more efficient, and requires 
less energy and civil works.  

 

For these reasons and also considering the experimental results obtained in plants with similar 
designs, we may conclude that this design has several advantages with respect to others.  
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