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Abstract

Lack of water is considered the most important threat to the survival of human beings and natural
ecosystems. Food and energy security, health and industrial progress, which are the main components of
the sustainable development of societies, depend on water more than anything else. Water consumption in
Loshan power plant is 2600 L/MWh raw water, which is very high compared to the production capacity
and is due to having a tower in its cooling system. Considering the high volume of water consumed in this
power plant compared to the production efficiency and on the other hand, reducing the amount of rainfall
and droughts that have occurred, it is necessary to provide a solution to modify the consumption pattern
for this power plant. Considering the special position of this power plant, solutions to modify the water
consumption pattern by recycling clean drains (blow down of boilers, back wash of sand filters and water
sampling), purification and recycling the blow down of cooling towers into the water cycle and
optimization of cooling towers (replacing drippers, replacing nozzles and optimizing water distribution to
increase efficiency, using a rotating nozzle to increase the time and speed of the water droplets hitting the
air in order to transfer more heat) are suggested. According to the experimental data, the conductivity of
boiler blowdown is about 10 ps/cm and the expenses of recycling the blowdown of boiler by using heat
exchanger is estimated about 324.425.000 Rials.

Keywords: Loshan Power Plant, Recycle, Clean Drain, Purification, Optimization of Cooling
Tower.
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Fig. 1. Image of the air storage source, clarifier, sludge and wastewater transfer pumps,
and the storage place for sludge and clarifier sediments
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Fig. 3. The image of the sand filters and the produced water stored in the closed pond
after passing through the sand filters
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Fig. 4. The image of cationic, anionic and mixed-bed filters and the neutralization
pond of resin regeneration effluents
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Fig. 5. Image of blowdown tank, blowdown outlet towards the outlet channel and
blowdown vapors in Loshan power plant
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Fig. 6. The picture of the cooling tower of the cross flow and the exit path of blow down
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Table 1. Questions, reply and information about the water cycle of Loshan power plant

Question

Reply

Information and details

Power plant water supply source
Supply water volume

Is there a significant difference in the

volume of water extracted from the

supply source and the water entering
the power plant?

The volume of the clarifier

The amount of water needed to wash
the filter paper

The volume of water required for
regeneration of resin filters

Daily volume of boilers
Sampling water volume

The compensation water volume of
the cooling towers

The volume of cooling towers

Volume of evaporation, spray, drift,
etc., of water in cooling towers

The volume of wastewater resulting
from acid washing and alkaline
washing of units
The total volume of power plant
effluent

The volume of sanitary sewage

Is the power plant's effluent treated?
(Brief description of the
water purification process)

In the case of wastewater treatment,
for what purpose is the treated
water used?

What is the source of water supply
for green space irrigation? How are
firefighting units and administrative
cooling systems in the power plant
are irrigated, passages washed,
elements cleaned and washed?

Felman well
1100 m%/h (nominal capacity)
700 m3/h (operating capacity)
5 m®h cooling systems
of gas units

No

140 m¥/day for both clarifiers

70 m3/day (2 times backwash/
each time 35 m°)

60 m®/day (2 cationic, 2
anionic and one mixed
waste/production waste in
regeneration of each
resin 12 m®/day

240 m®/day (5 m%/h for
each boiler)

2-3 m®/day

12000 m3/day (2 cooling
tower
450 m¥/h (225 m3/h HR tower)
300 m%/h (150 mé/h tower)
150-200 m3/h (200 md/h at
peak load)

There is no exact information

4800 m3/day

200 m¥/day

No

- Raw water )
-In some cases, wastewater is
used for irrigation

A well dug next to the Shahrood river bed

Between the Felman well and the entrance of
the power plant (500 m of water transmission
line), the flowmeter shows the same number
(no leakage and water wastage)
During 24 hours, the sludge is drained three
times for about 15 minutes, and there is about
30% of mud in the sludge and the rest is
water. The sludge discharged by the filter
press is turned into a cake and its water is
pumped to the tower pond for reuse
Failure to purify and recycle the backwash
water of the filters/transfer to the
Shahrood river

Failure to neutralize the effluent in recent
years due to the failure of the pH meter and
lack of repair and replacement/failure of final
treatment and transfer to the river

Failure to purify and recycle the blue dust
of boilers

No purification and recycling to the
water cycle

250 md/h for each cooling tower in maximum
load mode

According to the type of cooling tower design
, the amount of water loss through
evaporation, spraying, drift, etc., is high

About once every 5 years and does not
occupy a significant volume

Sanitary water and wastewater are purified in
the sanitary treatment plant by using the
rotating biological disc method and after

injecting the water of Javal, it is
transferred to the river

The water and wastewater resulting from the
washing of filter paper, resin filters, acid

washing and alkali washing units, boilers and
cooling towers, sampling water is finally

transferred to the Shahrood river

The exact amount of water required for
these purposes is not available
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Table 2. Summary and prioritization of the proposed solutions

Suggested solutions to modify the pattern
of water consumption

Description

Buying a Fellman well pump with a lower flow rate to
regulate the flow rate of incoming raw water and prevent
water wastage in different seasons of the year
Recirculation of clean drains such as blowdown boilers,
sampling water, backwash of sand filters and in the final
stage of washing resin filters into the water cycle
Refining and recirculating the cooling tower sludge

the water cycle into

Optimization of cooling towers

Increasing the condensation cycle of cooling towers
Optimization and regular and periodic monitoring of
cooling tower compensation water flow

Performing water operations in the cooling tower

Changing the design and material of the fan blades from
aluminum to fiberglass with wider blades

Changing the angle of the lavers

Use of drippers with greater thickness in the tower
Changing the type of drippers to polypropylene

Using a rotating nozzle
Using ozone to purify the water of the cooling tower

Using soft water instead of raw water in the oil cooling
system in the gas unit

Water storage during equipment repair, especially
in cooling towers

Replacement of cationic, anionic and bad mix resins due to
their wear and tear and the urgent need for regeneration

Installation of the RO system at the inlet of the
compensation water of the cooling tower
Automatic tower fan speed change system

Use of quality consumable parts and spare parts

Use of clean water in these units for watering trees and
green spaces and for firefighting purposes

Use and recycling of sanitary wastewater for internal uses

in the power plant, such as watering trees and green spaces

Separation of drinking and administrative water in the
power plant from the water cycle of the units

Loshan Shahid Beheshti power plant

Reusing the water coming out of the tower using the

RO system

Replacing drippers, replacing nozzles and optimizing

water distribution to increase tower efficiency

Using appropriate doses of biocide, corrosion inhibitors

and anti-sediments

It provides the possibility of increasing the air flow rate

and reducing the electricity consumption

It leads to the reduction of water drops from the body

of the tower

It leads to the reduction of water drops from the tower
Reducing the complications of failure and water loss
Increasing the time and speed of water droplets hitting

the air and, as a result, more heat transfer

The use of raw water has led to the formation of a lot of
sediment, the low efficiency of the cooling system and

leakage, which has increased the amount of water

consumed in this system. Therefore, in order to solve the
aforementioned problems, it is recommended to use high

quality water such as soft water
Reducing the emergency exit of steam units and water
storage resulting from being out of service
In recent years, due to the wear and tear of resins, the
number of times resins are regenerated, and as a result,
the amount of produced waste water, has increased,
which itself is one of the factors of water
consumption and wastage
To reduce the water hardness and increase the degree of
concentration in the cooling tower

In this power plant, raw water is used to irrigate trees and
green spaces and for firefighting purposes, and in case of
sewage treatment or use of clean drains, the need for
raw water for these purposes disappears
In this power plant, the sanitary wastewater is purified by
using the RBC method and then the raw water is injected,
but it is not used for the purposes inside the power plant
One of the problems in the field of returning the waste
water of the units and clean drain (boiler, sampling and
backwash of the sand filters) to raw water is that the
drinking water required by the power plant is supplied
through the water after the sand filters (covered pool);
Due to the chemical injections made in the boilers,
returning the clean water from the drains to the raw water
can be problematic. Therefore, it is necessary
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Cont. Table 2. Summary and prioritization of the proposed solutions

Suggested solutions to modify the pattern of water
consumption

Description

Performing periodic and regular inspections to control and
monitor corrosion according to the risk
of the equipment (Risk Based Inspection)
Using corrosion coupons to monitor corrosion in the water
cycle, especially systems under high pressure
and temperature

Optimization and precise chemical control of injections
(trisodium phosphate and hydrazine) in boilers

Using advanced irrigation methods such as drip, spring,
etc., to reduce water consumption and wastage

Increasing the cooling capacity of the cooling tower

Condensation of vapors caused by clean bluedans in boilers
Condensate steam exiting from the cooling tower
Using a magnetic hardener in the cooling tower
Reuse of sanitary wastewater treated in cooling
tower compensation water
Treatment of wastewater resulting from the regeneration
of cationic, anionic and mixed-bad resins and
recycling it into the water cycle
Neutralization, purification and recycling of wastes from
acid washing and alkaline washing of units
Changing the chemical control regime from AVT to CWT
Change of cross-flow cooling towers to
direct dry towers (ACC)

to separate the drinking water supply line from the cycle
water supply line
This issue leads to the reduction of corrosion and leaks
and plays an important role in reducing water
consumption and preventing its wastage

In recent years, the quality of water has decreased
significantly compared to the design time, while the
amount of injections is still according to the design and
commissioning time of the power plant, and this
has led to a lot of corrosion in the boilers.

Pre-cooling of water entering the tower by air coolers
using Haysis software

Using A20 system, secondary sedimentation, ozonation,
sand filter and finally activated carbon

ol re a5 VTVl i Vsl L g ol s 5 IUT-Y i
Table 3. Analysis of Blowdown boiler unit 1 steam in 1401 Shahid
Beheshti Loshan power plant

Parameters

Values

pH at 25 °C
Cond. (us/cm)
SiO2/ppb
Fe/ ppb
P,Os/ ppm
N2H4/ ppm
NHa/ ppb
O2/ppb
Cu/ ppb
Load/ MW
Drum Pressure/ Kp/cm?

9.10
10.80
72.00
25.00

0.73

0.00

340.00
2.00
0.00

120.00

134.00
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Table 4. The total results of the tests of pH parameters, conductivity, salinity, turbidity
and measurement of anions and cations of blowdown cooling tower in Loshan power plant

Parameters Values
pH at 25 °C 8.20
T/°C 27.60
Cond/ ms 4.79
Salt Perc./ %NaCl 8.00
Hardness/ g/L 2.38
Na*/ ppm 570.00
K*/ ppm 12.00
Ca®*/ ppm 517.00
Mg?*/ ppm 128.50
NOs/ ppm 27.60
CI/ ppm 629.20
SO/ ppm 2126.00
T-Alkalinity/ ppm 80.80
NO2/ ppm 0.04
PO/ ppm 1.6
F/ ppm 0.8

.(Ehyaei, 2014)
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Table 5. Estimated costs of recycling blowdown boilers using a heat exchanger

Tools and equipment No. Unit price (Toman) Price (Toman)
Pipe 4” 304 S.S Seamless Sch 80 7 30.100.000 (6 m) 210.700.000
Pipe 4” C.S Seamless Sch 80 25 6.380.000 (6m) 159.500.000
Elbow 4” 304 S.S Seamless Sch 80 7 3.200.000 22.400.000
Elbow 4” A234 C.S Seamless Sch 80 10 830.000 8.300.000
Pentax pump U18S-250/3T (3.5 bar) 2 13.300.000 26.600.000
Shell and tube heat exchanger (design and production of
Mehtab Gostar Company) 2 24.000.000 48.000.000
Plate heat exchanger (designed and produced by
Mehtab Gostar Company) 1 139.000.000 139.000.000
Other equipment (flange, gasket, valve, bolt and nut, ... _
(15% of equipment cost) e
Surplus and executive fee (30%) - - 202.785.000
Total cost of equipment and implementation 909.460.000
Estimating the cost of concrete basin and clean drain chamber
Excavation cost 3.000.000
The cost of leveling the land by the worker 500.000
The total cost of excavation and land leveling 3.500.000
Implementation of concrete Meger
Sand 10 ton 2.000.000
Black cement 20 1.200.000
Implementation cost 3 workers and 1 head 1.500.000
The total cost of cement and concrete execution 4.700.000
Implementation of shear wall and concrete pool foundation (3x5x10)
Rebar 14 100 pcs 32.000.000
Screw reinforcement wire 15 kg 450.000
Molding belt 1.000.000
Foundation implementation cost 21.000.000
The cost of running a shear wall 36.000.000
Cost of ready concrete 20.00.000
Total cost of shear wall and concrete pool foundation 110.450.000
Cost of concrete pond roof
Beam cost 10.000.000
The cost of ceiling blocks or foam 7.000.000
Rebar 14 20 pcs 7.000.000
The cost of ceiling implementation 35.000.000
The cost of concreting (ready concrete) the roof of the pond 10.000.000
The total cost of the concrete pond roof 69.000.000
Room fee (4x3)
Shear wall
Rebar 12 30 pcs 6.000.000
Shear wall belt 500.000
Implementation of shear wall 9.000.000
Ready concrete 4.000.000
Total cost of shear wall 19.500.000
The cost of the ceiling of the room
Beam 5.000.000
Block 3.000.000
Water and Wastewater oL 5 o done

Vol. 34, No. 3, 2023

VEeY Jlo ¥ osles Y6 o550

Shaesled sl 5, ol 4 S sl s 5 galail



dx.doi.org/10.22093/wwj.2023.364246.3288

g s ol 50 o Bpcro s

Implementation of the ceiling of the room

7.000.000
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Cont. Table 5. Estimated costs of recycling blowdown boilers using a heat exchanger

Tools and equipment No. Unit price (Toman) Price (Toman)
Wall post with corner and rough execution pottery 3.000.000
Clay 110 psc  2.500.000
Implementation of the clay wall 1.200.000
Cement and sand for making clay wall 700.000
Insulation by Isogum along with installation 18.000.000
Transport fare (approximate total) 10.000.000
The total cost of the roof of the Clean Drain room 52.400.000
Possible unforeseen expenses (25%) 64.875.000
The total cost of running a concrete basin and a clean drain chamber 324.425.000
Ssslgh sl ol (g o 4t 33 3551 0 =F sz
Table 6. Estimation of the estimated cost for making a fountain pool
Cost Unit Price (Toman)
Excavation m? 250.000
Backfield m3 150.000
Reinforcement m? 750.000
Concrete pouring m3 1.250.000
Scaffolding m?2 90.000
4-inch polyethylene pipe m 550.000
Implementation of plumbing m 200.000
Construction of cooling pool m3 2.000.000
Building a fountain m 1.200.000

Total price

6.440.0000
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