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Borman Approach

Pre-sale service:

all proposals follow an accurate study of
the system, in order to verify its actual
conditions and to suggest the best
technical and economical solutions
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Borman Approach

Qualified after-sales service: 

complete assistance during treatment start-up,
system water analyses, control of dosing systems
correct operation, control of correct plants asset;
verification of treatment objectives achievement

18



Borman Approach

Extra assistance:

advice and assistance in modifying
existing plants or in new water treatment
plants design
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- Supply of integrated control systems.
- Online pH, Cond, Redox, free or total Cl2 ,

ClO2 , turbidity, corrosion probes.
- Optional o-PO4 , Ptot , Total Hardness

online analyzers
- PLC for acid dosage (pH control), biocide

temporization, chemicals proportional
dosage (ppm vs blowdown or vs makeup)
and blowdown on conductivity setpoint
regulation
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Problems related to chlorine technology
Continuous chlorination – combined residual – has several drawbacks:

− It is dangerous for transportation, storage and use:
• Absence of a reliable chlorine neutralization system in case of an

emergency;
• Possible very serious environmental and social consequences in

the event of a large-scale accident (radius of possible impact
greater than 30 km)

− It does not grant a really effective water disinfection:
• Poor microbicidal activity
• Poor effectiveness in preventing biofouling formation in

distribution network
• Formation of toxic and carcinogenic disinfection by-products

which cannot be controlled except by introducing very costly
changes to the treatment chain.

− Only one manufacturer: no competition
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In the case of Kyivvodokanal, the technology based on chlorine dioxide has no alternatives, since, compared to chlorine - or
hypochlorites which are chemically equivalent - it has the following advantages:
− It has a greater oxidizing power;
− unlike chlorine or hypochlorites, it acts EXCLUSIVELY as an oxidizing agent, for this reason it has the advantage of not forming

trihalomethanes and haloacetic acids;
− the disinfection by-products formed do not require particular technologies for their control;
− it acts effectively against bacteria, viruses and spores that chlorine or hypochlorites cannot eliminate;
− as a bactericidal agent it can be active in water for at least 48 hours and its effectiveness is granted for longer periods than chlorine

or hypochlorites. Therefore, the use of chlorine dioxide can grant the inhibition of "bacterial regrowth" (regrowth) in the
distribution network, thus allowing it to be kept cleaner;

− it allows not only the inhibition of biofilm growth but also its gradual removal from heavily contaminated distribution networks.
− it does not have the typical smell of chlorine;
− its reactivity does not depend on the pH of the water.
− it allows to obtain drinking water without any modification of the current treatment chain, there is NO need to add an activated

carbon filtration system, inevitable in the case of chlorine-based treatment – in any form, chlorine gas or hypochlorite, regardless of
how it is generated –
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1. The operation of the T70G4000 chlorine dioxide generators during the test period complied with the characteristics indicated in the technical
documentation (Instructions).

2. The pre-oxidation treatment dose of 1.2-1.5 mg/L granted the absence of deviations in
the microbiological parameters and the correct hygienic-sanitary state of the plant. The
post disinfection treatment dose was 0.3-0.45 mg/L and ensured an increase in the
residual concentrations of chlorine dioxide in accordance with the standards.

3. The drinking water quality of Dnipro station in the test period met the requirements of
SanPiN 2.2.4-171-10 for physicochemical and microbiological parameters, including the
concentration of chlorine dioxide of 0.10 – 0.17 mg/L and the concentration of chlorites
less than 0.2 mg/L.

4. The use of chlorine dioxide ensured reliable disinfection of drinking water at all stages of
treatment, during transportation and directly in the city water distribution network.
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De Nora Generator – operating scheme

Generation yield: > 95%

Specific Consumptions:

 Biogreen “Acticlor” = 6.0 L/kg ClO2 ≡ 7.35 Kg/Kg ClO2
 HCl 32 ÷ 35% = 4.3 L/ Kg ClO2 ≡ 5.0 Kg/Kg ClO2
 Dilution water = 18.3 L/kg ClO2

31



Borman continuous technological assistance allowed to manage the network clean-up phase with no phenomena of massive detachments of biofilm broken
up and removed from the surface.
The drinking water quality of Dnipro station as well as that in the entire city network always met the requirements of SanPiN 2.2.4-171-10 for
physicochemical and microbiological parameters.
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The plant has two lines – capacity 500 cu.m/h each – and the influent consists of 80% civil and 20% industrial wastewater.
The plant scheme is classic and it is shown in the figure.

1) Inlet wastewater
2) Emergency overflow
3) Mechanical screening
4) Desander
5) Primary settling
6) Activated sludge tank (biological reactor) 
7) Secondary settling
8) Discharge
9) River or reused for irrigation
10) Sludge thickening
11) Anaerobic digestion
12) Post-thickening
13) Sludge dewatering
14) Sludge disposal
15) Biogas torch
16) Gas holder
17) Cogeneration
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in January 2020 CAP HOLDING, our customer for sludge dewatering, asked Borman to study an alternative to the unsatisfactory
treatment used. It involved the dosage of an inorganic coagulant downstream of the biological reactor and upstream of the secondary
clarifier.

The proposed approach consisted of an online comparison between two products:
− Line A: dosage of Mag-netic Floc (Borman mixed-organic coagulant)
− Line B: dosage of the inorganic coagulant at present used.

Laboratory comparison Mag-netic Floc and coagulant

Based on laboratory tests, the starting dosage for both products was identified.
The tests were conducted in cooperation with the customer by comparing two samples
of one liter each of biological sludge and conditioning both with the products under test.
The starting dose of Mag-netic Floc was 12 mg/L against 50 mg/L of the inorganic
coagulant.
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These dosages were maintained for one week; during this period the Sludge Volume Index at 30 min (SV 30) was monitored daily, as well
as the qualities of the sludge in the biological reactor.
Later, the dosages of the two products were gradually reduced on both lines, bringing the Mag-netic Floc to 5 mg/L and the coagulant to
30 mg/L.
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SV 30 MAGNETIC SV30 COAGULANTE

After about 3 weeks of treatment, the time necessary for the
conditioning of the entire oxidation reactor, SV30 values showed a
clear difference between the two lines. It was demonstrated a
reduction of about 45%, compared to the initial phase, on line A -
treated with Mag-netic Floc - and a 15% reduction on line B -
treated with the inorganic coagulant -
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In conclusion, the use of Mag-netic Floc has shown significantly greater improvements compared to the
inorganic coagulant, both in terms of sludge settleability and surnatant clarity.
Moreover, the dosages of Mag-netic Floc have proved to be much lower than those of the inorganic coagulant
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Circuits have been divided into two categories:
a) critical circuits for which it is absolutely necessary to limit the hardness

concentration as much as possible: ingot mold (primary casting) and
primary furnace;

b) non-critical circuits for which the hardness concentration is not a
fundamental parameter: EAF fumes circuit, EAF secondary and continuous
casting secondary.

c) The installation of a reverse osmosis plant allows both the reduction of the
quantity of water withdrawn from the wells - through a drastic closure of
the cycles (increase of the concentration factor of the circuits) - and the
complete recovery of the blowdowns.

The rigorous and extensive well water characterization through accurate
laboratory analyses allowed us:

− To simulate the performances of the reverse osmosis plant specifying the
chemical characteristics of both permeate and concentrate (reject) streams;

− To determine for the make-up water of each circuit the correct well water /
permeate ratios and the recovered blow-down flow rate to ensure a safe
asset of each circuit;

− To define the most suitable concentration factor of each circuit in order to
minimize the water consumption while ensuring the absence of fouling
phenomena and an effective control of corrosion;

− To perform the heat balance of each circuit and to determine the relative
make-up and blow-down flow rates.
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Following the results obtained, it has been possible the design of the reverse osmosis plant and the definition of the system new arrangement.
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- Evaporative cooling tower - Refinery
- Evaporative cooling tower primary waste water plant outlet

- 4 boilers Babcock Wanson, instant steam generators, Tot 15 
Ton/hr @ 12 Bar. 

- NO PROBLEMS AT ALL till Feb 2019

- In Feb 2019 SALOV carried out a revamping: installation of 
valves for modulating the flow of fuel gas to the burners and 
inverters both on the combustion air blower and on the 
volumetric diaphragm pumps, to feed the individual coils of the 
boilers. The modulation keeps pressure set point of the HP 
steam network constant by regulating its production to the 
actual withdrawal. Due to customer revamping, some problems
arised and in May 2019, 1 boiler coil holed by under deposit
corrosion due to water solids precipitation.

- SALOV asked Borman to help them for problem solving.
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Single pass flash steam boilers are designed for a > 95% vaporization at the outlet, to
work in a two-phase "annular/mist" flow regime so granting a high velocity of the
steam at the outlet, the distribution of the nebulized liquid phase in the stream of
vapor and the minimization of the liquid film on the metal wall of the coil.
If the flow rate fed, or the vaporized fraction, changes, the different relative
velocities of the two phases will give rise to a greater layer of liquid film on the
piping, concentrating the ionic species present on the liquid film in contact with the
metallurgy and favouring their deposition.

Feed rate Kg/h 300 600 900 1500
Average inlet velocity m/sec 0.25 0.5 0.75 1.25
Average outlet velocity m/sec 38.7 77.4 115.5 187.4
Liquid film outlet velocity m/sec 0.017 0.033 0.05 0.084
Slip Liquid outlet Holdup fraction % vol 0.0022 0.00047 0.00017 0.000047
Flow regimen annular annular annular annular/mist
Actual density Kg/m3 5.9 5.9 5.85 5.85

Flow regimen of a two-phase fluid in a horizontal pipe

The fluid dynamics analysis was implemented as follows:
- Computer simulation of a single coil as a ¾” horizontal pipe, schedule 40, 30

meters long
- Product steam pressure setpoint 11.5 bar
- Pure water as feed, 4 cases with flow rate 300, 600, 900, 1500 Kg/hr on single

coil
- Heat duty supplied to the coil, calculated to have 95% vaporization at the

outlet.
Following the fluid dynamics analysis with simulation of the boundary
conditions, it was evident how the flow rate modulation particularly
affects the velocity factor and therefore the tendency for the dissolved
solids to deposit in the liquid film in contact with the pipe.

Surely the optimization brings considerable advantages in terms of production stability and
system flexibility. On the other hand, the modulation of the feed flow on the single boiler
modifies its fluid dynamic characteristics in the vaporization phase.
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In addition to the considerations made on the fluid dynamics of the system, we have examined the aspects related to the
condensate return network from evaporators and the chemistry of the feed water. Finally, we examined the blowdown
system of the entire system (boilers, evaporators, condensate network of the high-pressure steam header) to verify their
disposal or recovery mode.

Conclusions
Coil failure was due to:
 Low velocity of liquid film and steam at moderate

production instead of at full load; this increases the
tendency to deposition of all TDS present in the feed
water.

• Condensate recirculation from evaporators, highly
concentrated in pollutants, to feed boilers via
condensate tank. Only manual purges are blown down.

Solution
• Suggestions on how to manage the plant running by

minimizing as much as possible the transients at low
load.

• Modification of the current system blowdowns asset to
eliminate the most polluting flows.

• Installation of a panel providing the continuous control
of boiler feedwater pH, conductivity, and hardness
with an automatic discontinuous titrator. The panel
permits remote consultation / modification and alarm
interface, on web server.42



Treatments managed by a different supplier for over 
15 years, unsatisfied customer for continuous fouling of 

the cooling system

 Process asset detailed study

 Deposits analysis and their 
characterization

- 15 cooling towers on a complex circuit, for cooling of 
refrigeration cycles compressors from +5°C to -30°C 
Continuous fouling by calcium carbonate

- 1 closed cooling system (low pH, corrosion, iron fouling)

3 Mingazzini boilers , instant steam generators, Tot 9 Ton/hr
@ 12 Bar.

Inadequate treatment

43



- Automed concentration factor and dosages with
remote control.

- Suggested and implemented circuit layout
modifications

- Chemicals FDA approved.
- No problems at all
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Application of a Borman formulation based on dispersants and corrosion inhibitors with side-stream
application of a specific filter for the removal of accumulated iron.

Customer Request:
Proposal of a solution for the rearrangement of a closed circuit operating at 80°C with almost
no blowdown and used for the numerous air treatment units in the plant.
Problem
The circuit showed severe corrosive phenomena at the very low operating pH with very high
soluble iron concentration
Consequences
Frequent plant shutdowns and continuous need for maintenance activity.
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First step

A sample of water from the circuit was analyzed in our laboratory: it showed a brown color due to a very high iron concentration (> 500
mg/L) and severe acidic conditions (pH 4.6).
Second Step

Obviously, the rearrangement of a system affected by corrosion phenomena for years involves calculated «risks» that must be run for the
final resolution of the critical issues. It was of particular concern any instantaneous precipitation in the circuit of iron large amounts because
of the necessary increase in the water pH, resulting in increased under deposit corrosion phenomena and obstruction of low diameter lines.
To better understand the phenomenon, laboratory tests have been carried out at various pH
Solution

- Installation of an adequate side stream filter medium. Dosage of Hyperline T 208/DS multifunctional Borman formulation based on
corrosion inhibitors, dispersing and alkalizing agents

- Dosage of a buffer solution to regulate water pH in the range 8.5 – 9.5
Conclusions
The adoption of the proposed technology has led to a clear improvement of water quality both in visual terms and in analytical results (soluble
iron <1 mg/L, pH 8.8)
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Borman
Approach

January 2022 October 2022

Removed iron Shut downs reduction
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The plant is located in central Italy and is a combined cycle plant.

In a combined cycle plant, electricity is produced by alternators driven by gas
turbines and steam turbines, which are "combined".

It means that the gas turbine exhaust gases, by means of a heat recovery steam
generator (GVR), generates the steam needed to power the steam turbine.

This type of plant has recently found great development due to its high yields.

THERMAL CYCLE

GVR is formed by two drums: low and high pressure.
− Low pressure drum: it produces 11.0 t/h overheated steam at a pressure of 10.0 bar and a temperature of 310 °C, it is fed by the water

falling from the overlying deaerator;
− High pressure drum: it produces 86 t/h of superheated steam at a pressure of 80 bar and a temperature of 500 °C, this steam is sent to a

steam turbine. Attemperation is carried out between the first and second superheating banks with the same feed water.
Boiler feed water: demineralised water plus condensate return.
The gas turbine plus the steam turbine, produce about 50 MW at full load. The steam leaving the turbine is condensed by the shell and tube
condenser, cooled with water from the cooling tower circuit.
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COOLING SYSTEMS

− Cooling tower

Type: forced draft
Delivery temperature (cold): 30 °C
Return temperature (hot): 41 °C
Maximum temperature: 65 °C – oil refrigerants –
Make-up water: river water
Utilities: condensers (primary and auxiliary) – refrigerants of oil, steam and gas turbines – air of alternators – HP, LP, GVR pumps seals –
sampling coils.

− Once-through

In addition to the Evaporative Towers circuit, there is also a cooling circuit for an Off-Gas compressor.
This circuit is of once-trough type, with river water without passing through sand filters, its temperature
average inlet temperature is 15-18 °C and it leaves the most critical utilities (gas refrigerants) at
temperatures close to 40-45 °C.
The type of treatment required is intended to prevent or limit scaling and fouling of the exchange
surfaces. Until recently, no additives were introduced into this circuit, but a very high sludge deposition
was found, considerably limiting the water flow rate and therefore the yield of the exchangers.
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− Thermal Cycle
A major goal of any feed-water conditioning programme is to protect the boiler and accessory equipment against corrosion during operation and when the system is out of service.
The most common causes of corrosion in boiler systems are dissolved corrosive gases – oxygen and carbon dioxide – and low pH.
Deposition is a further very serious problem in the operation of steam generating equipment.
Deposition is the accumulation of material on boiler surfaces that can cause overheating as well as circulation restrictions. Both conditions frequently result in unscheduled outages.

− Bormavis 1016: Oxygen scavenger/alkaliser of the steam-condensate network. Suitable for boiler systems operating at pressures up to 170 bar and for systems containing copper-
bearing alloys. Based on DEHA (Edison specification) / low volatility reducing agents and volatile neutralising amines. The chemical must be dosed in order to maintain an unreacted
DEHA residual concentration of 50 – 150 µg/L (ppb) in low pressure steam drum.

− Bormine HP: Alkaliser of the steam-condensate network in high pressure boiler systems (up to 170 bar). Based on a blend of suitable neutralising amines . The chemical must be dosed
in order to maintain in the steam-condensate network a pH value in the range 8.9 – 9.2.

− Bormaclean HP: Deposit Control Agent/Alkaliser for boilers operating at pressures up to 95 bar. Phosphate/Dispersant treatment – polyphosphate / phosphino-groups copolymer –
based. The chemical must be dosed in order to maintain in high pressure steam drum a pH in the range 9.0 – 9.6 and a PO4 concentration in the range 3 – 5 mg/L

− Cooling systems

A correct treatment programme must:
a. avoid corrosive phenomena;
b. prevent suspended solids deposition and scale formation;
c. control bacterial and algal growth in order to prevent bio-fouling.

− Regulation recirculating water pH in the range 8.0 – 8.3 (Edison specification)
− Microbiological control: dosage of sodium hypochlorite granting free residual chlorine
− Hyperline AOP/E 300-LDS: Corrosion Inhibitor / Scale Preventer with excellent dispersing activity. Recommended for systems whose metallurgy is steel + copper and/or its alloys

− Hyperline PI/D 320: Scale Preventer with excellent dispersing activity.
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The tank is completely passivated and
the red-brown color indicates this state.
The walls are clean and smooth with no
scales and/or corrosion.

The equipment is in very good conditions and the
red-brown color indicates complete passivation. The
walls are clean and smooth, free from any type of
scaling and/or corrosion.

The tank is completely passivated and
the brown color indicates this state.
The walls are clean and smooth with no
scales and/or corrosion.

The tank appears to be in good
conditions. The walls are clean and
smooth, with complete absence of
scaling and/or corrosive phenomena.
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The heat exchangers are clean, on the contrary than in the
past

The condenser appears to be in good
condition, the tubes are completely
clean. The walls are clean and smooth,
with no scales and/or corrosion. The
condition of the condenser is better than
in the past

The exchangers turn out to be in perfect
conditions
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The basin presents a sandy precipitate on the bottom.
A sample was taken for chemical analysis; it has been demonstrated that the origin is material coming from the external environment sucked in by the fans.
Basin does not have any type of incrustation on the walls.
Furthermore, no biological slime was noted.
The droplet separators are clean and free from scale and/or deposits.
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Borman Italiana s.r.l.
Via Gramsci 76, 20019 Settimo Milanese  (Milano ) ITALIA

Tel: (+39) 02 33501283 - Fax: (+39) 02 33500096
Email: acque@borman.it 
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