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Abstract

It is shown that according to the analysis of deposits on the condensers of 22 power plants the main
component of deposits is calcium carbonate. Magnesite is practically not available in the deposits.
Mg?* ions in circulating water behave like chlorides being concentrated during evaporation. Note
that the existing methods for determining the stability of cooling water (CW) provide only
qualitative information about its stability. They rely on the use of total hardness and give incorrect
stability values. The method for the quantitative determination of the degree of CW stability is
suggested, which is based on measurements of the concentration of Ca?* ions in the CW and in the
feed water and on the determination of the degree of concentration of salts in the CW. Based on
these parameters, the CW stability index is calculated in relation to CaCO3 formation. Having
current values of the stability index, it is proposed to promptly develop and correct measures to
achieve the required level of CW stability, for example, to determine the value of acidification or
blowing of the circulating cooling system which is sufficient for achieving an expected degree of

stability.
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Introduction

Circulating cooling systems (CCS) are the most efficient elements of water supply technology for
thermal and nuclear power plants (Shabalin, 1972; Kucherenko, 1980; Kochmarskii and Pospelov,
1986; Andronov, 2004; Gayevskii and Kochmarskii, 2018) on the rational use of water and
reduction of chemical and thermal pollution of the water basin. However, due to the evaporation of

water and the associated concentration of salts, as well as the heterogeneous hydrodynamic regime
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in water mains and coolers, CCS have specific operational problems (Kochmarskii and Pospelov,
1986; Gayevskii and Kochmarskii, 2018):

1) carbonate, sulfate and silicate deposits on heat exchange surfaces and water mains due to
the concentration of the relevant components;

2) fouling of structural elements by fungi, microscopic algae and dreisen - the result of
increased temperature of cooling water (CW);

3) mechanical deposits of dispersions in hydrodynamically stagnant zones.
Since surface waters, which are mainly calcium-carbonate systems (CCS), are most often used for
cooling, the main contaminants of heat exchange surfaces are the deposition of low soluble salts
such as CaCO:s. Fig. 1 and (Kochmarskii and Pospelov, 1986).
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Fig. 1. Relative composition of deposits on the tubes of condensers by the data of 22 power plants
(Kochmarskii and Pospelov, 1986): 1 - SiOz, 2 - Fe;03, 3 - CaCOgs, 4 - organic compounds, 5 -
MgCOs, 6 - CaS0Os4, 7 - CaO , 8 - P20s.

Deposits reduce the efficiency of heat exchangers (HE), as well as other equipment due to the
reduction of their heat transfer coefficient, increasing the hydraulic resistance of networks and
increasing energy consumption for their operation. In addition, pitting corrosion occurs under the
deposits in the pipe systems (PS), which, for example, at nuclear power plants has led to the need to
replace steam generators. Because of deposits their life cycle was reduced from 30-40 to 10-15

years.
Analysis of the existing situation and problem statement

Deposits, in particular carbonate, occur due to the deviation of the state of CW from equilibrium,

i.e. its instability. Today, the Sl supersaturation index relative to calcium carbonate Sl and the
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Langelier LI index are used to characterize the state of CW relative to deposits (Alekin, 1970; RD
34.37.307-87. SPO Soyuztekhenergo, 1989; State Building Code (SBC) V.2.5-74: 2013)
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K1, K2 - thermodynamic constants of dissociation of carbonic acid of the first and second degrees,

CaCo,

activity of the corresponding ions, g-ion/dm?®, (Hs), (H) - activity of hydrogen ions corresponding to
the equilibrium (stable) and current state of CW; Lcacos is the product of the solubility of CaCO:s.

It is the indices (1) that are recommended to be used to characterize the stability of CW in the
guiding documents on the operation of CCS and industry standards, for example, (RD 34.37.307-
87. SPO Soyuztekhenergo, 1989). According to (1) CW is considered stable when SI = 1, and the
Langelier index LSI < 0.3.

To get acquainted with the situation in the real circulating waters of the CCS, we calculated the
values (1) for the CW of one of the power plants of Ukraine. see Fig. 2.
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Fig. 2. Dependence of supersaturation indices (SI), curve 1 and Langelier (LI), curve 2, on the

number of the month. For convenience, the value of LI is increased by 100 times.

Both indices show values that are an order of magnitude larger than the standard values: SI = 1, and
the LSI < 0.3. Their values are the greatest in the period from the 5th to the 11th month. It would
seem (if we follow the standard interpretation of the data in Fig. 2) that the ability of CW to form
solid CaCOs is the greatest during this period. But it is impossible to judge the CW stability value
by the data of (1). It is necessary to interpret correctly the calculations data by (1), especially in the
conditions of application of deposits inhibitors. The values of the indices (1) depend on the
concentration of Ca?* ions and bound carbon dioxide, and they can be important due to the fact that
deposit inhibitors keep these parameters in the ionic state, giving the false impression of deep CW

instability, i.e. its ability to deposition.
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In order to develop effective measures for removing deposits we need quantitative characteristics of
the degree of stability of CW, which could be determined on the basis of standard measurements
performed during the operation of CCS.

Therefore, the task of determining the quantitative degree of stability of CW is a pressing one in the
operation of CCS and related heat exchange equipment, and it is the development of quantitative
methods for determining the stability of CW that this work considers.

Control of CW stability

In order to develop effective measures for reducing the growth rate of deposits, it is necessary to
have a quantitative characteristics of the stability of CW. This problem was studied in the Physical
and Technological Laboratory of Water Systems (Kochmarskii and Kochmarskii, 2009; Pat. UA
114060, 2017; Pat. UA 128018; Kochmarskii and all, 2017), where for laboratory conditions we
developed the method of quantitative determination of CW stability based on the evaporation of
CW sample at a temperature of (60-70)°C, which is characterized by the stability index,
N N O S o O B )
Ce. (0) - Ken(t) Ce, (0) - Ken(t)
Stl - water stability index, Prl — deposit index (instability); Cca(t), Cca(0), - respectively, the
concentration of calcium ions at time t and at the initial moment t = 0; kev(t) - water evaporation
coefficient, Kev (t) = V(0)/V(t); V(0), V(1) is the initial volume of the water sample and at time t. It is
obvious, that both Sti and Prl indices are interrelated, see (2)
Sti + Prl =1. (3)
For circulating CCS water, the operative value of the stability index is determined similarly to
(2), only the content of concentrations in formula (2) is different (Kochmarskii and Kochmarskii,
2009; Pat. UA 114060, 2017),
Sti(t) = Ce, (1) Sk(t) = Ca(® N Cea®) Cei(®) 4)
Ceao (1) - k(1) Can®  Ceo(® Ca®)

Cca(t), Ccl(t) — respectively, the concentration of calcium ions and chlorides in CW at time ft;

Ccao(t), Ccio(t) - the same concentrations in the feed water of CCS at the same time.

The stability index can be expressed by the CCS mode of operation. To do this, we use the
relationship between the concentration coefficient of salts k and water consumption for feeding G
and blowing Gy (Gayevskii and Kochmarskii, 2018), which is valid under conditions of stability of
CCS water volume,

_ G(t) = consequently: Ce(®) Ce(®) Gy() . (5)
kt = f— ' q y - Ca Ca . b
0% &0 S0 = C 0K~ Cen® G, (0
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Expression (5) allows us to determine the value of blow, which provides a expected stability of
CW(Stl value),

G, (1) = Stl(t)-Gf(t)-céca—o((:)) - ©)

Ca
Go(t), G#(t) — blow and feeding water discharge respectively.
Note that Regulations for nuclear and thermal power plants (RD 34.37.307-87. SPO
Soyuztekhenergo, 1989; State Building Code (SBC) V.2.5-74: 2013) recommend to determine the
stability of CW by using hardness but not concentrations of calcium ions. Remember that the
hardness of water J is the sum of the concentrations of calcium and magnesium ions,
J= Cca+ Ccwmyg - (7)

However, magnesite MgCOs has a solubility greater than calcite CaCO3s approximately 250-300
times and in the process of salts concentration during the operation of CCS under the same
conditions it practically does not form solid deposits, see also Fig.1. Therefore, Mg?* ions are
concentrated in CW like chlorides and do not form deposits. This can be seen in Fig. 3 where
according to the data for CW that corresponds to fig. 2 the concentration coefficients by magnesium

kmg and chlorides kciare shown.
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Fig. 3. Dependences of salt concentration coefficients by chlorides kCI - curve 1, by magnesium

kMg - curve 2 on the number of the month.

A slight difference between the values of ke and kg is within the measurement error. The values of
Stlca by (4) and determined by the total hardness of Sty; (7) in accordance with the data of Fig. 2, are
shown in Fig. 4. We see that the determination of the stability of the CW in terms of hardness
overestimates the real stability by (25-45)% and disorients the operating personnel.

Compare the data for the curves 1 of Fig. 2 and 4. We see their symbatic behavior, which indicates
the already mentioned feature of the mode of application of deposits inhibitors, which hold Ca?*

ions in solution and thus create the impression of high supersaturating of CW. From the standpoint
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of the definition of Stl, it is clear that high concentration of Ca?* ions in CW corresponds to their
absence in solid forms that form deposits. Thus, high saturation or Langelier indices are more likely
to indicate the use of deposits inhibitors, which contain the corresponding substances in ionic or
molecular forms and, conversely, stabilize water. Note that the latter is not always realized by
operating personnel and researchers.
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Fig. 4. Dependences of Stlc,, according to formula (4), curve 1 and Stl; - curve 2 on the month
number.

There is another advantage of using the stability index, even with the correct interpretation of the
value of saturation index. In fact, curve 1 in Fig. 4 indicates that the CW stability in the first half of
the year was not higher than 73%, and in general it did not exceed 75%. This means that in
November-February only 65% of Ca?* ions were in solution, and 35% was released in a solid form
capable of forming deposits. Therefore, stabilization of CW during this period was insufficient and
additional stabilization measures would be required, such as acidification of CW with strong acids,
in particular sulfuric acid, or adjustment of blow according to (6).
The acid concentration can be determined by using (4). To do this, take into account that each
gram-ion of acid binds an equivalent amount of calcium ions, i.e. the concentration of acid Ck,
which must be in circulating water is determined by the formula

Ci(t) = k-Ccao(t)-[maxStl — Sti(t)], (8)
and in feed water, respectively,

Cro(t) = Ccao(t): [maxStl — Stl(t)]. 9)

maxStl is the maximum (desired by the station personnel) CW stability index.

Taking, for example, maxStl = 0.9 according to Fig. 4, curve 1, the required concentration of 100%
H>SOq4 in the feed water is calculated, which is sufficient to increase the stability of CW from the

existing curve 1 in Fig. 4, to a value of 0.9 (90%). The result of the calculation is shown in Fig. 5.
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We see that the acid concentration varies depending on the current CW stability in the range from 8
to 17g/m3. Therefore, using the suggested method of determining the stability of CW, you can
quickly adjust the dosage of inhibitors and acids for acidification of CW, avoid overconsumption of

reagents and excessive environmental pollution.
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Fig. 5. Dependence of the concentration of H.SO4 acid (100%) in the feed water, kg/m?, sufficient
to ensure 90% stabilization of CW on the number of the month.

Note that you can correct the stability of CW by adjusting the degree of concentration of salts in
CW, or the amount of blow. In this case, under the conditions of the invariance of Cca(t) and Kca(t)

= Cca(t)/Ccao(t), we obtain from (6) and condition Gey = Const the expression for calculating the
blow, which increases the degree of stability from Sti(t) to maxStl,

6 G,= U stk - maxst) (10)

Gp™, Gp — blow woter discharge corresponding to the mode of operation of CCS with maxStl
and with the current one.
Using the data of Fig.2, you can get the dependence of the blow on the number of the month similar

to Fig.5. For a specific case: maxStl = 0.9, Stl = 0.7, kca = 1.8, we obtain Gy" / Gp = 1.57, i.e. the

blow must be increased by 57%.
Conclusions

1. The main component of salt deposits in CCS is calcium carbonate. Magnesite is practically not
available in the deposits due to its high solubility compared to calcium carbonate. Mg?* ions in CW
behave like chlorides being accumulated during the evaporation of CW.

2. The method for quantitative assessment of the stability of CW as for carbonate deposits is
suggested. On the example of data analysis on the quality of CW of one of the power plants of
Ukraine, it is shown that the stability index for calcium carbonate adequately describes the state of
CW and allows us to anticipate and develop measures necessary to ensure an acceptable level of

stability of CW with regard to solid CaCOs3 formation.
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3. The peculiarity of the method of determining the stability of CW against carbonate deposits is its
simplicity, efficiency and the ability to create a database to automate the process of stabilization of
CW and minimize deposits in the CCS.

4. Data on determining the degree of CW stability by calcium carbonate allows us to quickly
develop and apply measures to minimize deposits, for example, by adjusting the concentration of
inhibitors, acidification of CW or by regulating the blow of CCS.

5. The current methods of assessing the stability of water, based on the use of the concept of total
water hardness, which are provided by Regulations, are not correct.
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KOHTPOJIb CTABLIBHOCTI OXOJIOJHOI BOJIM OO0
KAPBOHATHHUX BIIKJIAJIEHD

B. 3. Koumapcoxuii

D13UKO-TEeXHOJIOTIYHOT J1abopaTopii BOAHMX cuUcTeM HallioHaIBbHOTO YHIBEPCHTETY BOIHOTO
roCTOIapCTBA 1 MPUPOJOKOPUCTYBAHHS
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Pedepar

Ha migcraBl maHmx aHamizy BiAKJIAIEHb HA KOHJAEHCATOpax 22 €JIEeKTPOCTaHIM IMOKa3aHO, IO
OCHOBHUM KOMITOHEHTOM BIJIKJIaJICHb € KapOOHAT KaJbIlit0. MarHe3uT y BIIKJIaJIEHHAX MPAKTUYHO
BincyTHiit. lorn Mg?* B 060poTHiii Bozii BenyTh cebe MoiOHO 10 XJIOPH/IiB, KOHIIEHTPYIOUNCH TIPH
BHIIAPIOBaHHI. 3BEPTAEMO yBary Ha Te, 110 ICHYI0Yl METOJIMKH BU3HAYCHHS CTa0lIbHOCTI OXOJIOAHOT
Bogu (OB) narore jmmie skicHy iH@opMmarito mpo i1 craliapHICTE. BOHM TIpyHTYIOThCA Ha
BUKOPHUCTAHHI 3arajibHOI KOPCTKOCTI 1 JalOTh 3aBiJIOMO HEKOPEKTHI JaHi Mpo CTaOUIBHICTB.
OOroBOPIOETHCSI METOTNKA KLTbKICHO20 BU3HAYCHHS CTyIIeHs cTabinmbHOCTI OB, 1110 rpyHTYy€eThCS Ha
BUMIPIOBAHHAX KOHIIEHTpAIlill 10HIB Ca’* B OB ta y BOJI MiDKUBJICHHS 1 BU3HAUEHHI CTYIEHS
KOHIIeHTpyBaHHs coneil B OB. Ha mizncrtaBi nux mapameTpiB po3paxoBYIOTh 1HAEKC CTaOlIbHOCTI
OB. Maroun NOTOYHY BEIMYMHY IHJEKCY CTaOUIbHOCTI MOXKHA OIEPaTUBHO PO3POOIATH YU
KOperyBaTH 3axoJu Moo 3a0e3nedyeHHs MOTpiOHoro piBHSA crabineHOoCcTi OB, Hanpukian,
BU3HAYATH BEIMYMHY MIJKHCICHHS YU MPOJTYBKH OOOPOTHOI CHCTEMH OXOJIOKEHHS, JOCTATHBOI

JUIS TOCATHEHHS 3aJJaHOTO CTYIEeHS CTablTbHOCTI.

Knrouosi crosa: 0xonoouna eooa, 6i0kiadents,; iH0eKc cmadiibHOCMI, KapOOHAm KAlbyito, KOpeKyisn

cmabiibHoCm.
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