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THE COMBINED METHOD OF MAKE-UP WATER TREATMENT
FOR COOLING AND HEATING PURPOSES

The paper describes a new cocrdinated method of the make-up water purification for cooling
and heating. Raw water being treated with mineral acids to reduce its alkalinity is then pumped
into the spray distribution system of a cooling tower. Afterwards, some of the cooling water, after
preheating in condensers and deaeration, is poured into the heating system. The treatment of water
produces no wastewater. The results of a 3-year operation of large industrial plant have been given.
Compulsory requirements for the water quality in the heating system have been discussed.

The L6dz 2 Power Station has an open, recirculating cooling system with water flow
rate of 27,000 m?*/h and a foredesigned temperature difference of 12°C. The designed
water losses in the system during the maximum power production periods are calculated
to be over 400 m3/h. In practice, however, due to the upward trend in the amount of
heat production at the cost of power generation with steam condensation in condensers,
the maximum losses of water in summer amount to about 200 m?/h.

The power station provides heat for the central, southern, and western quarters of
the £6dz city in a total amount of 511 Geal/h. The high-temperature heating system com-
prises tens of kilometers of hot-water pipelines, up to 700 mm in diameter, spread all
over the area of 7,450 m? around the power station. Water circulates in the heating system
at a constant flow rate of 6,400 m3/h. It is heated in the power station up to 75—150°C,
depending on the ambient temperature. To this end six membrane heat exchangers with
bleed steam from turbines and/or steam reduction station are used or two oil-fired boilers
which operate in periods of hard frost. Heat is supplied to the consumers through the
secondary local hot-water and central heating systems which include 1,435 membrane
heat exchangers for the household hot-water and 805 central heating cycles connected
directly to the primary heating system by hydroelevators. Water losses in the primary
heating system normally amount to 120—130 m3/h and increase further during opera-
tional disturbances — sometimes more than twice as much.

The make-up water for both the cycles was prepared by catalytic cold-lime process
in high-efficiency reactors (Gyractor-type) followed by filtration in pressure filters: the
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gas in make-up water for the heating system was additionally stripped applying thermal
method.

For almost 20 years the cooling system has operated successfully. Some troubles,
however, have been encountered in the operation of the heating system: some whitish
loose deposit was observed to circulate with the water and settle in the lowest parts of
the system, thus clogging the sludgers and electromagnetic valves for the automatic con-
trol of the sectors of the heating system. In the areas located far from the power station,
hard deposits were precipitated on inner pipeline walls and heat-exchange surfaces, dec-
reasing the heating water flow rate and thereby deteriorating the heat transfer to consu-
mers. There were also troubles with the oil-fired water boilers in the power station which
due to formation of boiler scale (up to 3 mm thick) on the heat-exchange surfaces had
to be cleaned chemically and thus withdrawn from the operation in the winter heating
periods. :

The main causes of the deposits precipitation in the heating system are the following:
1. penetration of raw water, containing a considerable amount of bicarbonates, into
the heating system due to leaking, 2. improper quality of the make-up water.

The cold-lime process was not completed in the Gryactor reactors and the rapid filters
but proceeded also beyond the water treatment plant where loose deposits of magnesium
hydroxide were precipitated. The treated water contained, moreover, some amount of
calcium hydroxide, showing an increased methyl orange alkalinity. Bicarbonates, present
in the heating water in concentration exceeding admissible standards, were decomposed
by heat and calcium hydroxide and transformed into calcium carbonate and magnesium
hydroxide. The quality of the make-up water is characterized by parameters given in
tabs. 1 and 2.

Taking into account the unsatisfactory quality of the water treated by cold-lime pro-
cess, as well as limited capacity of the water treatment plant and its toilsome operation,
a new method of the make-up water treatment for the cooling and heating systems has
been presented including thermal and chemical conjunction of both the systems. The pro-
cedure comprises reduction of the make-up water alkalinity for both cycles by treating
with sulphuric and hydrochloric acids, pumping the treated water into the spray distri-
bution system of the cooling tower, and the uptake of some amounts of cooling water
heated up in condensers to compensate for the losses in the heating system.

The equipment for the water treatment includes two storage tanks for sulphuric acid
each 40 m? in volume, two plunger metering pumps of the NDA 16 RS type of a unit
capacity of 38.5 dm?/h, and connecting pipings. Hydrochloric acid is gravitationally
proportioned from the regeneration solution tanks in the water demineralization plant.
In addition, there is a pipeline which connects the manifold pipe of cooling water after
~ condensers with the deaerating heater for the make-up water. The installation diagram
is shown in figure.

For a normal operation of the heating system it is essential that water has no corrosive
qualities and no scale-forming tendencies. Among the salts present in raw water, calcium
carbonate has the lowest solubility, thus being precipitated during the thermal decom-
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Table 1

Average make-up water composition for heating system in 1976

Sredni sktad wody uzupelniajacej w ukladzie grzejnym w 1976 r.

Phenolphthalein Total Total Thermal

Month alkalinity alkalinity hardness pH stability

meq/dm? meq/dm?3 meq/dm?3 index*
I 0.36 0.97 1.07 ., 9.0 1.36
1 0.61 1.24 1.21 9.4 1.23
111 0.68 1.30 1.50 9.4 1.41
v 1.22 1.88 1.86 9.8 1.25
\'% 0.37 1.21 0.93 9.1 1.15
VI 0.69 1.29 1.00 9.4 1.29
VII 0.24 0.86 0.64 8.8 1.45
VIII 0.43 1.02 0.86 9.1 1.26
IX 0.47 1.18 1.18 9.2 1.27
X 0.42 1.30 1.11 9.1 1.32
XI 0.57 1.16 1.04 9.2 1.23
XI1I 1.25 177 1.79 9.5 1.16
Average 0.61 1.26 1.18 9.3 1.28

* Water is stable when its thermal stability index is equal to 1.00.

Table 2
Average composition of the heating-system water in 1976
Sredni sktad wody w ukladzie grzejnym w 1976 r.
Phenolphthalein Total Total Thermal
Month alkalinity alkalinity hardness pH stability
meq/dm?3 meq/dm?3 meq/dm 3 index*
1 0.14 0.80 0.95 8.1 1.17
1I 0.16 0.67 0.82 8.5 1.10
I 0.18 ©0.82 0.99 8.4 1.24
18% 0.25 0.69 0.67 8.5 1.08
v 0.26 0.95 0.95 8.5 1.13
VI 0.56 1.20 1.06 9.1 1.23
VII 0.09 1.13 1.52 8.3 1.33
VIII 0.11 0.81 1.32 8.3 1.19
IX 0.17 0.84 0.94 8.2 1.12
X 0.21 0.79 0.82 8.3 1.15
XI 0.32 0.72 0.82 8.6 1.21
XII 0.19 0.75 0.79 8.2 0.90
Average 0.22 0.85 0.97 8.4 115

* Water is stable when the thermal stability index is equal to 1.00.
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position of bicarbonate and releasing corrosive carbon dioxide. Therefore, according
to the state regulations, the carbonate hardness of the heating water is limited to 0.7 meq
/dm? [2] at most. Sodium bicarbonate is also thermally decomposed releasing carbon
dioxide, thus the soft water of a high alkalinity is not acceptable for heating systems be-
cause of its corrosive properties. Hence, it is adyisable to limit rather the total alkalinity
of the heating water than its carbonate hardness, then considering an allowable value
of 0.7 meq/dm?.
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Fig. Flow lay-out of make-up water treatment plant

1 — H,SOy4 tank; 2, 5, 7 — pumps; 3 — HCI tank; 4 — cooling tower; 6 — condenser; 8 — gas stripping heater

Rys. Schemat przeplywu wody uzupelniajacej w zakladzie oczyszczania

4 — zbiornik H,SO4; 2, 5, 7 — pompy; 3 — zbiornik HCI; 4 — chiodnia kominowa; 6 — kondensator; 8 — ogrzewacz
odpowietrzajacy

According to the method proposed the make-up water alkalinity is reduced to the
value that can be maintained at the required level in the heating water, taking into account
the raw leaking water entering the heating system within the local heat exchangers. The
operational practice has shown that the standard value of methyl orange alkalinity of
the heating water, i.e. 0.7 meq/dm?, does not ensure a normal work of the oil-fired water
boilers, particularly those of PTWM 180 type. In these boilers water is heated up to the
" temperature of 150°C on the average at high heat capacity periods, however, in parti-
-cular parts of the boilers local temperatures are considerably higher, involving even water
evaporation. That is why in order to ensure permanent and failureless operation of these
boilers the admissible maximum value of total alkalinity of water has to be reduced to
0.5 meq/dm?.

Among the other salts present in the water, calcium sulphate which is characterized
by a low solubility product may precipitate under these conditions, even if the total alka-
linity of water is maintained at the required level. The solubility product of calcium sulp-
hate is shown in tab, 3 [1].

The power station of the city of £.6dz takes raw water from various sources (ground
water from deep wells and water from municipal distributing system). Chemical compo-
sition of the waters and their volumetric ratios are different. The basic amounts of raw
water are supplied by deep wells, the city main water from which the amount of water
taken in the winter seasons reaches 409, of the total consumption being an additional
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Table 3
Solubility product of calcium sulphate
Tloczyn rozpuszczalnoéei siarczanu wapnia
Solubility " Temperature, °C
product 90 100 120 150 160
Kcaso, 11.3x10-° 7.6x10-6 3‘.7 x:107° 1.4x10-¢ 0.93x10-¢

source. When the percentage of city water is higher, the raw water mixture is characte-
rized by higher concentrations of chlorides and sulphates and lower total alkalinity. That
is why to reduce its alkalinity smaller amounts of mineral acids are required.

The average raw water quality at the power station during the heating periods is as

follows:

Catt = 3.0—3.2 meq/dm3, HCOj3 = 3.0—3.7 meq/dm?,
Mg++=0.3—0.4 meq/dm?®, SOz~ =0.3-0.2 meq/dm3,
Nat = 04—0.6 meq/dm3, ClI- =0.4—0.3 meq/dm®.

Based on the solubility product of calcium sulphate, the admissible sulphate con-
centration in the heating water was calculated for the maximum water temperature (150°C)
and for the highest hardness and total alkalinity stated in the raw water:

Keuso, = fi[Cat*] [SOF 7T, (1)

where:
Keaso, — the solubility product of calcium sulphate,
[Cat++], [SO; "] — molar concentrations of ions in water,
fir — the activity coefficient of bivalent ions dependent on ionic strength of the solu-

tion, its value being equal to

VJ
log f;; = —0.527 —, )
1+VJ
where: |
z; — electrovalence,
J — the ionic strength of the solution which may be calculated from the formula:
r=g Xt ®
_ CiZis
2 : i f
where: ’
¢, — molar ion concentration.

1

4 — EPE 1-4/82
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For the given water, the activity coefficient of bivalent ions f;; = 0.7163, hence molar
concentration of sulphates at 150°C is equal to:

1.4x10-°

16X 10 %0163 — 1.7052x10-* M/dm3 = 3.41 meq/dm3.

[SOy 1=

Considering that water in the oil-fired boilers may be locally overheated to a tempe-
rature over 150°C, the allowable concentration of sulphates in the heating water was
accepted to be 2.0 meq/dm?3. To this end the alkalinity of raw water within the range of
allowable sulphates concentration was reduced with sulphuric acid, and to required va-
lue — with hydrochloric acid.

Table 4

Average make-up water composition for heating system in January, 1979

Sredni sktad wody uzupelniajacej w ukladzie grzejnym w styczniu 1979 r.

Total — : Thermal
Day Tot-a! hardness 507 . cr- . pH stability
alkalinity meg/dm? meq/dm meq/dm tndex™

2 0.38 3.80 0.95 3.07 Tk 0.98
3 0.33 3.60 1.07 2.73
4 0.32 3.68 1.30 2.54 7.7
5 0.37 3.52 1.44 2.56 7.6 1.04
6 0.38 4.08 1.36 2.62
8 0.20 3.76 1.62 2.90 0.94
9 0.33 3.72 1.33 2.82

10 0.49 4.00 1.19 2.48 7.9

11 0.38 3.60 1.54 2.62 7.8

12 0.47 3.72 1.48 2.62 7.8

15 0.34 4.04 1.22 2.62

16 0.55 3.32 1.51 2.45

17 0.52 3.48 1.18 - 2.47 17

18 0.57 3.72 1.16 2.34 7.8

19 0.50 3.72 1.50 2.32 7.8

20 0.41 3.08 1.43 2.21 8.3 0.95

23 0.49 3.28 1.55 217 8.2

24 0.48 3.44 1.45 2.31 7.8

25 0.43 3.40 1.15 2.39 7.8 0.95"

26 0.43 3.64 1.46 2.54

27 0.43 3.48 1.31 245 8.0

29 0.48 3.36 1.45 2.31 8.1

30 0.41 3.24 2.42 8.0

31 0.45 3.20 0.88 2.54 8.0

Average 0.42 3.57 1.32 2.52 19 0.97

* Water is stable. when its thermal stability index is equal to 1.00.



Make-up water treatment 51

Table 5
Average heating water composition in January, 1979
Sredni sklad nagrzewanej wody w styczniu 1979 r.
Total Total SO—— cl- Thermal
Day alkalinity hardness t , DPH stability
meq/dm?3 meq/dm?3 meq/dm meq/dm index*
2 0.52 3.92 2.02 2.68 7 0.98
3 0.54 4.12 1:27 2.73
4 0.52 i 3.84 1.19 2.70 7.6
5 0.48 3.80 1.13 2.59 7.5 1.08
6 0.48 4.00 1.18 o 262
8 0.48 3.56 1.29 2.61 T 0.97
9 0.61 3.88 1:15 2.68
10 0.58 3.56 1.48 2.68 8.1
11 0.48 3.60 1.63 2.82 8.1
12 0.53 3.63 1.56 2.59 8.1
15 0.53 4.04 1.31 2.59
16 0.51 372 1.15 2.61
17 0.50 3.72 1.16 2.54 79
18 0.54 3.96 0.98 2.45 8.0
19 0.57 3.60 1.54 242 8.1
20 0.34 3.24 1.23 245 8.4 1.03
23 0.53 i 3.48 1.29 2.37 8.1
24 0.50 3.52 1.19 237 8.0
25 0.53 3.48 1.36 2.34 7.8 1,01
26 0.50 3.60 1.16 2.34
27 0.53 3552 1.12 2.42 8.2
29 0.43 3.56 1.36 2.42 8.2
30 0.53 3.36 2.37 8.2
31 0.51 3.20 0.98 2.42 8.1
Average 0.51 3.67 1.29 2.53 8.0 1.03

* Water is stable when its thermal stability index is equal to 1.00.

In summer, the oil-fired water boilers are idle and the heating water is heated to the
temperature of 75°C, that is why higher total alkalinity of water (up to 0.7 meq/dm?)
and the sulphate concentrations are admitted due to much higher solubility of calcium
sulphate at this temperature.

An important step of the make-up water treatment for the heating system is a com-
plete physical and chemical stabilization of the water in the cooling system after treatment
with mineral acids. The cooling water and the make-up water for the heating system
have an optimum pH value and no scale-forming tendencies.

The method discussed has been successfully used for three years. The results are partly
shown in tabs. 4 and 5. After peak heating periods 1978/79 and 1979/80, the inner sur-
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faces of furnace water-wall tubes and convection section tubes of the oil-fired boilers
have been checked and no traces of scales found.

This new chemical-thermal joint method of make-up water treatment for cooling
and heating systems has brought several technical and economical advantages, the main
being:

1. improvement of efficiency and durability of the heating system,

2. improvement in heating economy (re-use of the heat from condensers),

3. decrease of raw water consumption for washing filters by about 500,000 m*® an-
nually resulting from excluding rapid filters from operation,

4. wasteless make-up water treatment decreased considerably the amount of waste-
water discharged by the water treatment plant to the municipal sewage system and, con-
sequently, reduced significantly the capital cost of a new wastewater treatment plant,

5. construction of new plant for make-up water treatment for the heating system
of a capacity of 340 m?®/h appeared to be not necessary,

6. reduction of the operation and overhaul costs of the water treatment plant, the
wastewater treatment plant and those of the heating system.
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POLACZONA METODA OCZYSZCZANIA WODY UZUPELNIAJACEJ
DLA CELOW CHLODNICZYCH I GRZEWCZYCH

Opisano nowa metode oczyszczania wody uzupelniajacej w cyklu chlodzacym i grzewczym. Zasi-
lajaca wodg surowa poddaje si¢ obrobee kwasami mineralnymi w celu zmniejszenia jej zasadowoéci, a na-
stepnie przepompowuje do chtodni kominowej. Nastgpnie czg$¢ ochtodzonej wody, po ogrzaniu wstgpnym
w kondensatorze i odpowietrzeniu, jest kierowana do systemu grzewczego. Podczas oczyszczania wody
nie powstaja $cieki. Przedstawione wyniki pochodza z trzyletniego okresu eksploatacyjnego duzego za-
kladu przemystowego. Omowiono wymagania stawiane jako$ci wody w systemie grzewczym.

GEMEINSAME AUFBEREITUNG DER SPEISEWASSER
FUR KUHL- UND WARMEZWECKE

Beschrieben wird eine neuartige Wasseraufbereitungsmethode fir Kiihl- und Wiarmezwecke. Das
rohe Speisewasser wird mit Mineralsduren angesduert (zur Minderung der Alkalitdt) und in den Kiihl-
turm gepumpt. Anschliessend wird ein Teil des abgekiihiten Wassers — nach dem Vorwédrmen im Kon-
densator und Entgasung — in das Wirmesystem geleitet. Wéahrend der Wasseraufbereitung entstehen
keine Abwisser. Den hier niedergelegten Ergebnissen, liegt eine 3-jahrige Betriebsperiode in einem groBen
Industriewerk zugrunde.
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OBBLEJUHEHHBINI METOJ OYUCTKHI JOBABOYHOM BOJbI
JUIA XOJIOAWJIBHBIX 11 HATPEBATEJIBHBIX LIEJIEN

B pa6oTe ONHCAaH HOBEIH METOZ OYHCTKH N06aBOYHOM BOABI B XONONUTENBHOM U HATPEBATENHHOM
maxnax. CeIpas HUTaTenbHAs BOIA MOIBEPracTCs 06paGoTKe MMHEPAIBHBIME KHCIOTAaMH ISl yMEHb=
IIeHHs] 68 OCHOBHOCTH, 4 3aTeM TepeKaunBaeTcs B GAlICHHBIH OXNa[HTelNb. 3aTeM 4acTh OXJIAXIEHHOMK
BOMIBL TIOCTE TPEABAPHTENLHOTO HATPEBA B KOHICHCATOPE M YAANCHUS BOSAyXa HaOpaBJIAETCs B HArpe-
BaTENBHYIO CHCTeMy. BO BpeMs OUHCTKH BOZBI He 0GPa3yroTCs CTOUHBIC BOL. TIpeACTaBIIeHHBIE PE3yJlb-
TATH TIPOHCXOJAT W3 TPEXJETHErO SKCIUIyaTAIOHHOTO NEPHOAA KPYMHOTo TIPOMBILUIEHHOTO 3aBOJA.
OGCyxeHb TpeboBaHusl, IPEAbSBISEMbIe K KAYECTBY BOJDL B HarpeBaTeJbHOM CHCTEME.




