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COMPUTER OPTIMIZATION OF WATER MIXING

Mixing of natural waters being close to equilibrium state often results in their aggressivity or
causes precipitation, sometimes together with unpleasant odour and taste. If storage volume is
inadequate for satisfactory mixing, it is advisable to choose the components and their ratios
properly in order to decrease the aggressivity of the mixture. For optimization by computer, the
third-order equation relating the equilibrium CO, content (a) and the carbonate hardness (k) can
be derived:

a = (0.67 + 0.03¢)107 243

where ¢ is temperature. The combined CO, content (b) can be calculated from the well-known
formula:

k
b=—22.
28

The necessary calculations lead to an equation of the 3rd order. When solved by Cardano’s
formula, this equation gives values of aggressive and equilibrium CO, content of the mixture.
Computer programs based on the above-mentioned method give a vast body of data in a short
period of time, in graphics or in tabulated form, as desired. A complete investigation of the mixing
ratios can be obtained in order to facilitate optimization. Correct mixing ratios satisfying the
prescribed or permitted aggressive CO, levels can easily be selected. The method can also be
applied to the mixing of waters which were originally aggressive.

1. INTRODUCTION

The problem of mixing waters of different origin and quality is frequently
encountered in both communal and industrial water supplies. Although the majority
of waters found in nature are in equilibrium (or more precisely close to equilibrium)
state, their mixtures may become aggressive. The combination of two different spring
waters entails no serious consequences, since the calcium or magnesium carbonates
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needed for their neutralization are dissolved from the bed material by aggressive
carbon dioxide and any precipitate settles in the stream. The resulting water will
again become “crystal clear” and will reach equilibrium conditions within a brief
period of time.

In communal or regional distribution networks waters of different qualities are
conveyed through pipelines and the mixing thereof creates a different situation,
unless sufficient storage space and detention time are available for the balancing
reactions to take place. However, no mixing problems will arise even in the absence
of storage space, if we succeed in controlling the mixture proportions so as to keep
the aggressivity of the resultant mixture at a low level.

It may be anticipated that mixing of different waters may give rise to two
undesirable phenomena:

1. Lime-carbon dioxide equilibrium is unbalanced upset making the mixture
aggressive. '

2. Metal precipitates appear in the water.

Lowering of odour and taste standards may accompany these phenomena,
especially in the case of surface waters. If chemical reactions did not proceed in the
course of the mixing process, the resulting composition of the mixture could be
estimated as the weighted average of ions present in the component waters. However,
new compounds are formed in the mixture, some of them remain in solution, others
precipitate, settle, remain suspended, float to the surface, dissolve in gaseous form, or
escape through the water surface.

2. ESTIMATION OF PARAMETERS
RESULTING FROM MIXING OF WATERS
ACCORDING TO STANDARD SPECIFICATION

In order to determine the quality parameters of mixed waters, mixing experi-
ments have been performed [1]. These are, however, difficult to carry out at the
original site and at the original temperature. Fortunately, analytical methods are
also available. A numerical example based on the Hungarian Standard Specifications
MSZ 448-23 [2] will be presented subsequently for estimating the concentration of
aggressive carbon dioxide originating in a water mixture. (The results obtained in
this way will be irrealistic, unless the amount of magnesium hydrogen carbonate is
relatively small in comparison to the calcium hydrogen carbonate content in the
water.) The temperature and carbonate hardness of component waters are the only
basic data needed. In the example, two waters will be mixed in 1:1 ratio, but the
estimation could be performed equally for several components and without
limitations on the mixing ratios (table 1).

The resultant temperature of the mixture will evidently be 15°C. The weighted
average of carbonate hardness is
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1x5i1x25= 15°G .
1+1
The chemically combined CO, of waters is found from the carbonate hardness:

5 x 22
In water 1: —;8— = 39.3 g/m?,

Table 1
Basic data for standard calculations
Component Water tempe- Carbonate Mxing pro-
water rature (°C) hardness (°G) portion
water 1 15 5 1
water 2 15 25 1
co,
(gim®
500
4001
300
I+
Ratio of the mixture ;
2069 ¢
200
100 |
| .
i 7,
V4
./:39.3 < Aggressive COp = 23.1g/m®
| Carbonate hardness
|
0 5 10 15 20 25

Hardness (°G)

Determination of aggressive CO, content in mixed waters
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25 % 22
2.8
The weighted average of combined CO, in the mixture is
1x393+1 x 1964
1+1
The equilibrium carbonic acid content of the waters is not so simple to estimate,
but can be found with the help of tabulations (Papp) attached to the standard
specifications mentioned earlier. The equilibrium carbonic acid content is thus 1.4
and 176.6 g/m? in waters 1 and 2, respectively. The weighted average thereof will be
the total free CO, content in the mixture:
I x14+1x176.6
1+1

but aggressive CO, is also included.
The combined and free CO, content of the mixture is thus

117.9 + 89.0 = 206.9 g/m?>.

In water: = 196.4 g/m3.

= 1179 g/m3.

= 89.0 g/m3,

Finding from Papp’s tabulation of the corresponding balanced, combined and
equilibrium CO, values (pertaining to the same carbonate hardness) the sum of
which equals most closely the above values, it will be seen that in the band
approaching 15°G this amounts to a total of 207.3 g/m?, the combined CO, content
being 141.4 g/m> while the equilibrium CO, is 65.9 g/m>.

The mixture is, however, not balanced since the free (equilibrium and aggressive)
CO, content, viz. 89.0 g/m* is higher than the equilibrium CO, content. The
difference between the two is

89.0 — 65.9 = 23.1 g/m?®

which is the aggressive CO, content in the mixed water. The calculation process is
presented in the figure.

3. ANALYTICAL DETERMINATION OF THE EQUILIBRIUM
AND AGGRESSIVE CO, CONTENTS IN MIXED WATERS

For estimating the temperature-dependent equilibrium CO, content described by
the family of curves corresponding to Papp’s tabulation, TOTH [3] suggested
a formula which in extreme cases differs by no more than 3% from the tabulated
values, while in normal cases this difference is less than 1%. The equilibrium CO,
content a is given by the expression

a = (0.67 + 0.03t)10~2k3 (1)
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where t is temperature of water (°C) and k denotes carbonate hardness (°G — German
degrees).

As will be remembered from the foregoing, the combined CO, content b is simply
found as

: k
= —22.
b 28 2 (2)
In the case of mixtures, the resultant carbonate hardness is
k.o,
k = Z lal (3)

X
where «; is the proportion of the individual components.
The resultant equilibrium CO, content is

a= %‘;—“ 4)

and the resultant combined CO, content is
b.o.
b= zﬁ—‘ . 5
P2 )
From these the balanced carbonate hardness x must be estimated first. We may write

22
(067 +0.030)1072x + 2 x = a+b,

or in canonic form
3 22 x 10? (a+b)10*>

X+ 067 +0030)28" 067+ 003t
Comparing the above equation with Ax3+Bx?+Cx+D = 0, we obtain:

A =1,

B =0,
) (6)

C = 22:10
~ (0.67 4+ 0.03¢)2.8°
(a4 b)10?
0.67 + 0.03¢ (7
and introducing the variable y = x + B/3A4, we obtain the form

y3+3pg+2q = 0. (8)

The Cardano formula is used to solve the third-order equation:
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B=0, so that y=x (substituting into eq. (8)).
2q=D/A, but since A=1, we have g=D/2.
Introducing the value of D from eq. (7) we get

_ (a+b)50
0.67 + 0.03¢t’

3p = C/A, but since A =1, we have p = C/3.
Combining with eq. (6)

22-10%

P = 30067 + 0.031)

9

(10)

The values obtained from eqs. (9) and (10) are now introduced into the formulae

and

The summation of the results yields the balanced carbonate hardness:

The equilibrium CO, content can now be calculated from eq. (1) as

= 3\/—q+\/q +p°
o= 3\/—q— q2+p3.
X =u+v.

= (0.67 + 0.03¢)10™2x3

(11)

(12)

(13)

(14)

Taking into account the resultant equilibrium CO, content of the mixture obtained
from eq. (4), we have the aggressive CO, content of the mixture:

aggressive CO, content = a —a,.

(15)

With data of the numerical example given in the first section, this algorithm
yielded results which are summerized in table 2. Results of the calculation made
using Papp’s tabulation are given in brackets. The differences are less than 1%.

Table 2

Analytical results

Component Equilibrium CO,  Aggressive CO,

water content (g/m?) content (g/m3)
water 1 14 (14) -
water 2 175 (176.6) -
mixture 882 (89.0) 233 (23.1)

Note: The results of the calculations performed using Papp’s
tabulation are given in brackets.
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4. COMPUTER PROGRAMS FOR WATER MIXING CALCULATIONS

For the mixing of any number of waters, two computer programs were compiled
at VITUKI by '

Laszl6 Koncsos whose program involves successive approximation [3],

Istvan Gresz whose program was worked out according to the algorithm
described in section 2.

The results obtained basing on these programs were in fair agreement with data
of the mixing experiments carried out by Licsk6é [1].

4.1. THE APPROXIMATION PROGRAM

From 36 kinds of communal waters sampled along Lake Balaton, Licsko has
selected 17 basic waters which he mixed in 1:1, 1:3 and 3:1 proportions, altogether
resulting in 66 different mixtures. The calculations for such a large number of
mixtures are rather time consuming. Therefore KONCSOS [3] has compiled an

optimization programme for three different kinds of waters mixing them, in all

combinations, in proportions from 1 to 10 and classifying the mixtures according to
the resultant aggressive CO, content in 5 g/m® increments within the 0-35 g/m3
range. The character of the programme imposes repeatability of samples, since the
1:1:1 mixture yields the same results as the one of 5:5:5 proportions. For
optimizing the proportions of the mixtures a simplified set of data was needed.

4.2. THE ANALYTICAL PROGRAM

The program compiled according to the calculation procedure outlined in section
2 offers two possibilities:

2-5 waters in unspecified proportions,

2-3 waters in a series of predetermined mixing ratios.

4.2.1. WATER MIXTURES OF UNSPECIFIED PROPORTIONS

The input data consist of the identification code, carbonate hardness, tempera-
ture and mixing ratio of the waters to be mixed. The result is displayed as the content
of total and aggressive CO, on the screen. A printout of the results comprises
a tabulation of:

1. proportions of the components in the mixture.

For the individual components and the mixture:
carbonate hardness,

equilibrium CO, content,

temperature,

combined CO, content.

LNk wN
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And for the mixture:

6. content of aggressive CO,.

The parameters of a particular mixture with given proportions are thus found
promptly.

4.22. MIXING WATER IN PREDETERMINED RATIOS

The programme outlined in section 4.2.1 becomes time-consuming in handling
when the optimal mixing ratio is desired from a large number of possibilities. The
present version of the program has been compiled for this purpose and it allows
calculations of the results of mixing of 2 or 3 different kinds of water over a wide
range of mixing ratios.

The input data needed comprise the identification code, carbonate hardness and
temperature of the waters to be mixed. Waters A and B are examined in 21 preset
mixing ratios, to which water C is added in a selected ratio. The 21 ratios are 1:10,
1:9,...,1:15,1:1,1.5:1,2:1, ..., 9:1, 10: 1. The results are displayed on the screen
as carbonate hardness, temperature and aggressive CO, content for the various
mixtures. The maximum value of the latter is indicated. Optionally a printout
comprises the basic data of the water to be mixed (4, B, C) and their equilibrium and
combined CO, content. Hereafter the carbonate hardness, temperature, combined
CO, content, free CO, content, equilibrium CO, content and aggressive CO,
content of the various mixtures are printed. From the tabulation, the range of the
optimal mixing ratio can readily be selected for the water C added in a given mixing
ratio.

The optimization calculation can be repeated for a different mixing ratios of the
component C without entering the basic data. The results pertaining to five different
mixing ratios of the component C are stored in the memory of the computer. With
the help of a menu all data series can be displayed graphically on the screen and
printed out on demand. The graphs can be superimposed upon each other in several
versions:

carbonate hardness and/or temperature for a given ratio C,

combined, free, equilibrium and aggressive CO, in any combination for a given
ratio C,

carbonate hardness for up to 5 different ratios C,

temperature for up to 5 different ratios C,

combined CO, for up to 5 different ratios C,

free CO, for up to 5 different ratios C,

equilibrium CO, for up to 5 different ratios C,

aggressive CO, for up to 5 different ratios C.

Aggressive CO, content is magnified 10 times in the graphics for the sake of
clarity. The choice of the optimum mixing ratio is greatly facilitated by the combined
graphs.
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5. NUMERICAL EXAMPLE

The program described under 4.2 is subsequently illustrated by a specific example
with tabulations and printed graphs attached. The program was run with the
following basic data (table 3).

Table 3
Basic data for computations
Component Water tempe- Carbonate Mixing
water rature (°C) hardness (°G) ratio
water 1 20 22.7 1
water 2 6 8.1 1
water 3 20 21.8 0.1, 2.5, 10

5.1. CALCULATION FOR WATER MIXTURES OF OPTIMAL SELECTED RATIOS

The results of the calculation performed on the basis of table 3 are shown in
Annex 1 (of the tabulated data only those of waters 1 and 2 were used). The first and
second columns show the data of waters 1 and 2, respectively, while the result of
mixing is given in the third column. The data applying to all three waters are in one
line, the aggressive CO, and total CO, valies are in a separate line. No limitations
are imposed on the number of calculations, but the basic data must be entered on
each occasion.

5.2. CALCULATION FOR WATERS MIXED IN PRESELECTED RATIOS

The basic data are given in table 3. The calculation was repeated five times with
water 3 added in the ratios 0, 1, 2, 5 and 10. The results are presented in Annexes
2-11. ’

C=0. In the case of Annexes 2 and 3 the mixing ratio of the third (C)
component was 0, so that only two waters (4+B) were mixed. The shapes of
carbonate hardness and temperature curves are similar since water A is warmer and
also considerably harder than water B. The shapes of the curves representing
combined, free and equilibrium CO, are also similar. In contrast, the maximum of
aggressive CO, is close to the mixture ratio A:B=1:15.

C=1, 2, 5. The maximum of aggressive CO, content occurs at the ratios
A:B=1:3, 1:4 and finally 1:8 (Annexes 4-8 and 9).

C = 10. The maximum of aggressive CO, content is at the ratio A:B=1:10
(Annexes 10 and 11).
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The desired mixing ratio is thus easy to select if, for instance, it is specified that
aggressive CO, content must be maintained below 5 mg/dm?3.

Let us assume that the A:B ratio is fixed at 1:4. In this case the mixing ratio
must be at least 5 for component C. If, on the other hand, an aggressive CO, level of
10 mg/dm? is also acceptable, no C component need be added.

Graphs pertaining to five different mixing ratios (0, 1, 2, 5 and 10) of the
component C can be superimposed (Annexes 12-17). The numerical content of these
graphs can be printed out on demand in tabulated form. The corresponding graphs
and tables are represented in combination in the annexes. Annex 17 provides
a perfect picture of the variation of aggressive CO,.

6. MIXING AGGRESSIVE WATERS

The foregoing chapters have dealt consistently with the mixing of waters in which
lime and carbonic acid are balanced. The calculations, programs and numerical
examples included this assumption which is most of all satisfied in the case of natural
waters of Hungary. No balance exists, however, in some well waters, industrial
effluents in a few surface waters in Hungary and in several surface waters abroad,
which already contain aggressive CO, before mixing. Any of the models described in
the foregoing chapters can be applied without difficulty, provided that free carbonic
acid content of the water samples is determined at the site, before solving the mixing
problem. The weighted proportion of the original aggressive CO, content of the
aggressive component must only be added to achieve aggressive CO, level calculated
with due regard to the temperature, carbonate hardness and mixing ratio. The
original aggressive CO, is found if the equilibrium CO, calculated is subtracted from
the measured free CO, content. In the numerical examples (chapters 2 and 3) if the
analysis of water 1 had shown 185 g/m® as the free CO, content, subtracting
therefrom the calculated equilibrium CO, (table 2), the aggressive CO, would have
been obtained as 185-175=10 g/m>.

Assuming the original mixing ratio of 1:1, the aggressive CO, obtained as
a result, i.e. 23.3 g/m?, would have to be increased by the weighted proportion of the
original 10 g/m?, ie. by 1x10/1+1=5 g/m3. In this case aggressive CO, in the
mixture would be 23.3+5=28.5 g/m>.

7. CONCLUSIONS

The method of calculating aggressive CO, in mixed waters according to the
Hungarian Standard Specifications MSZ 448/23 involves the use of tabulated values.
These have been compared with the model developed here, for which a computer
program has also been compiled. The results obtained by the two methods agree up
to 1%.
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The development was prompted by the cumbersome practice and the uncertainty
of the former results. Samples collected at the site are difficult to conserve in their
original condition during transport and analysis. Unavoidable shaking, exposure to
atmosphere and temperature changes during transport modify the dissolved CO, of
the samples upsetting the original balance. This has lead inevitably to false results.

All this can be eliminated by calculation, since it is sufficient to determine only
the temperature and carbonate hardness of the waters to be mixed, which can be
performed rapidly and accurately.

The computer programs compiled yield a number of data within a brief period of
time, providing a virtually complete picture of optimal possibilities of water mixing.
The desired mixing ratios can be readily selected for any aggressive CO, level
specified, or allowed.

The mathematical model offers the possibility of calculation even in situations
other than those described, thus for example in automatic process control.

Consequently, the methods developed replace lengthy and uncertain mixing
experiments, provide timely information and a clear picture, thus assisting decision
making in selecting the mixture ratios. The model is also applicable to calculating the
parameters of water mixtures containing aggressive CO, as described in chapter 6.

Annex 1. Calculation for water mixtures of optional selected ratios

Aggressive CO, content in mixtures

Parameters 1 2 Mixture
Codename water 1 water 2 -
Carbonate hardness (°G) 22.70 8.10 15.40
Equilibrium CO, content (g/m3) 148.55 4.52 76.54
Mixing ratio 1 1 -
Temperature (°C) 20.00 6.00 13.00
Combined CO, content (g/m3 17836  63.64  121.00

Equilibrium + combined CO, content (g/m® 32691 68.16 197.54

Carbonate hardness in CaO/CO, equilibrium (°G) = 17.68.
Equilibrium CO, content in CaO/CO, equilibrium (g/m?) = 58.60.
Aggressive CO, content (g/m3) = 17.93.

Annex 2. Calculation for waters mixed in preselected ratios

Input data
Parameters A B C
Code water 1 water 2 water 3
Carbonate hardness (°G) 22.70 8.10 21.80
Temperature ()] 20.00 6.00 20.00

Equilibrium CO, content (g/m?  148.55 452 131.57
Combined CO, content (g/m3 17836 63.64 171.29
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Results; C =0
No. A/B (;a;r::ic;x::e Temperature Combined CO, Free CO, Equlcllob:mm Aggcr(e)szslve
(°G) 0 (g/m®) (g/m?) (g/m?) (g/m®)

1 1/10 943 7.27 74.07 2524 17.61 7.63

2 19 9.56 7.40 75:11 27.18 1892 8.26

3 1/8 9.72 7.56 76.39 29.53 20.52 9.01

4 1/7 9.93 7.75 77.98 3242 2252 9.90 |
5 1/6 10.19 8.00 80.03 36.05 25.09 1096 |
6 1/5 10.53 8.33 82.76 40.77 28.52 12.25

7 1/4 11.02 8.80 86.59 47.15 3332 13.83

8 1/3 11.75 9.50 92.32 56.24 40.53 1571

9 12 1297 10.67 101.88 70.19 5253 17.66
10 1/1.5 13.94 11.60 109.53 80.43 62.13 >1830<
11 1/1 15.40 13.00 121.00 9447 76.54 1793
12 1.5/1 16.86 1440 13247 107.17 90.94 16.23
13 2/1 17.83 15.33 140.12 115.01 100.54 1447
14 31 19.05 16.50 149.68 12421 112.54 11.67

15 4/1 19.78 17.20 15541 129.44 119.75 9.69

16 5/1 20.27 17.67 159.24 132.82 124.55 8.27

17 6/1 20.61 18.00 16197 135.18 12798 7.20

18 7 20.88 18.25 164.02 136.92 130.55 6.37

19 8/1 21.08 18.44 165.61 138.27 132.55 5.72

20 9/1 21.24 18.60 166.89 13933 134.15 5.18

21 10/1 21.37 18.73 16793 140.19 13546 4.73

Annex 3. Calculation for waters mixed in preselected ratios, C =0

S 25
4 24
z c=0 43 175
18 ‘Ig 125
1 1
18 15 100
14 14
3 B = c=0
. S
8 8 25 3 - equilibrium CO32
g 'fls 4- aggressive CO, x 10
A:S‘111111111111'.5231.557(5-91'0S AS1’11111111111523‘-5676910
821098 7 6 54 32451 17419 111714911 1 B=109 87 654 3215111111 11111
Annex 4. Calculation for waters mixed in preselected ratios
Results; C =1
Carbonate ; Equilibrium  Aggressive
No. A/B hardness Temperature Combined CO, Free CO, co, o,
(°G) O (g/m?) (g/m?) (g/m?) (g/m?)
1 2 3 4 5 6 7 8
1 1/10 10.46 8.33 82.17 38.62 27.11 11.51
2 19 10.67 8.55 83.86 41.38 29.16 1222
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1 2 3 4 6 7 8

3 1/8 10.93 8.80 85.88 44.64 31.63 13.01
4 177 11.24 9.11 88.35 48.51 34.64 13.87
5 1/6 11.64 9.50 91.44 5320 38.40 14.80
6 1/5 12.14 10.00 95.41 59.01 43.24 15.77
7 1/4 12.82 10.67 100.70 66.38 49.70 16.68
8 1/3 13.76 11.60 108.11 76.06 58.74 >1732<
9 172 15.18 13.00 119.23 89.31 72.29 17.02
10 1/1.5 16.19 14.00 127.17 97.98 81.97 16.01
11 11 17.53 15.33 137.76 108.67 94.88 13.79
12 1.51 18.27 16.00 143.56 11503 102.55 12.48
13 2/1 18.83 16.50 14791 119.63 108.30 11.33
14 3N 19.60 17.20 154.00 125.84 116.35 9.49
15 4/1 20.12 17.67 158.06 129.86 121.72 8.14
16 5/1 20.49 18.00 160.96 132.66 125.55 7.11
17 6/1 20.76 18.25 163.13 134.74 128.43 6.31
18 1! 20.98 18.44 164.83 136.33 130.66 5.67
19 8/1 21.15 18.60 166.18 137.59 13245 5.14
20 9/1 21.29 18.73 167.29 138.63 13392 4.71
21 10/1 21.41 18.83 168.21 139.48 135.14 4.34

Annex 5. Calculation for waters mixed in presclected ratios, C =1

251 og oc
C=1

INNES

25
24
23
21 1 - carbonate hardness %%
20 2 - temperature 20
19 il 19
18 18
17 17
16 16
15 15
% ¢
B 12
1 1
9 10
8 8
7 7
: ‘ ' 4
A<11 111111111152 3458678910
8B=109 876 54 321111 11111111

g/m3

C=1
1-combined CO2
2-free CO2

3 -equilibrium CO2
4 -aggressive CO, x 10

711111111 111523 45678 91
0987654321111 1111111

Annex 6. Calculation for waters mixed in preselected ratios

Results; C =2

Carbonate . Equilibrium  Aggressive
No. A/B Tariiecs Temperature Combined CO, Free CO, co, co,
(°G) O (g/m?) (g/m?) (g/m?) (g/m?)
1 2 3 4 6 7 8
1 1/10 1133 9.23 89.03 49.01 35.14 13.87
2 19 11.60 9.50 9i.14 - 52.19 37.70 1449
3 1/8 1192 9.82 93.64 55.84 40.71 15.13
4 1/7 12.30 10.20 96.64 60.09 4433 15.76
5 1/6 12.77 10.67 100.31 65.01 48.76 1635



132 A. TOTH, I. GRESH
1 2 3 4 5 6 7 8
6 1/5 13.35 11.25 104.89 71.12 54.29 16.83
7 1/4 14.10 12.00 110.79 78.44 61.40 >17.4 <
8 1/3 15.10 13.00 118.64 87.58 70.88 16.70
9 12 16.50 14.40 129.64 99.31 84.15 15.16
10 1/1.5 17.43 15.33 136.98 106.55 92.00 13.55
11 1/1 18.60 16.50 146.14 115.01 104.06 10.95
12 1.5/1 19.06 16.89 149.72 119.05 108.00 10.05
13 2/1 19.42 17.20 152.59 122.22 11295 9.27
14 3/1 19.97 17.67 156.88 126.89 118.89 8.00
15 4/1 20.36 18.00 159.95 130.15 123.13 7.02
16 5/1 20.65 18.25 162.25 132.54 126.30 6.24
17 6/1 20.88 18.44 164.04 134.40 128.78 5.62
18 71 21.06 18.60 165.47 135.85 130.75 5.10
19 8/1 21.21 18.73 166.64 137.05 132.37 4.68
20 9/1 21.33 18.83 167.62 138.03 133.72 4.31
21 10/1 21.44 18.92 168.45 138.86 134.86 4.00
Annex 7. Calculation for waters mixed in preselected ratios, C =2
,
Bt °c

S
LIRS I ]

2
1 - carbonate hardness
2 - temperature

+ + =
S S RINRNNN

NONDOO = NWNNONDOOSNWS G

t

-+

1- combined CO,
2-free CO,

3- equilibrium CO2
- aggressive CO,x 10

"N O

4
! 30+
YRR RS R R R R R A U SRR SRR RN R ER R AR T
Annex 8. Calculation for waters mixed in preselected ratio§, C=5
Carbonate . Equilibrium Aggressive
No. A/B - Temperature Combined CO, Free CO, co, co,
G) 0 (g/m?) (g/m?) (g/m?) (g/m?)
1 2 3 4 5 6 7 8
1 1/10 13.29 11.25 10445 69.72 5323 16.49
2 19 13.64 11.60 107.17 73.11 5647 16.64
3 1/8 14.04 12.00 110.28 76.88 60.18 >16.70<
4 1/7 1449 12.46 11387 81.10 64.47 16.63
5 1/6 15.03 13.00 118.05 85.83 69.46 16.37
6 1/5 15.65 13.64 123.00 91.19 75.36 15.83
7 1/4 16.41 1440 12894 9733 8245 14.88
8 1/3 17.33 15.33 136.19 104.40 91.11 13.29
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1 2 3 4 5 6 7/ 8
9 12 18.49 16.50 145.26 112.67 101.93 10.74
10 1/1.5 19.18 17.20 150.70 117.37 108.43 8.94
11 1/1 19.97 18.00 156.92 122.51 115.85 6.66
12 1.5/1 20.15 18.13 158.35 12434 118.03 6.31
13 2/1 20.31 18.25 159.60 12592 119.94 5.98
14 3/1 20.58 18.44 161.68 128.55 123.12 5.43
15 4/1 20.79 18.60 163.35 130.62 125.66 4.96
16 5/1 20.96 18.73 164.71 13230 127.74 4.56
17 6/1 21.11 18.83 165.85 133.70 12948 422
18 71 21.23 18.92 166.81 134.87 130.94 393
19 8/1 21.34 19.00 167.64 135.87 13220 3.67
20 9/1 21.43 19.07 168.35 136.74 133.29 3.45
21 10/1 21.51 19.13 168.98 137.50 134.25 3.25
Annex 9. Calculation for waters mixed in preselected ratios, C =5
254 % c=5 °c $o/m?

1- carbonate hardness
2 - temperature

€C=5
1 - combined CO,
2- free CO2
3 - equilibrium CO2
4 - aggressive COz x10

Annex 10. Calculation for waters mixed in preselected ratios

Results; C =10

No. A/B (i]a;rt:;;:;z:e Temperature Combined CO, Free CO, Equglobzxum Aggcrgszslve
°G) O (g/m?) (g/m?) (g/m) (g/m?)
1 2 3 4 5 6 7 8
1 1/10 1532 1333 120.36 87.85 71.88 > 1597 <
2 1/9 15.68 13.70 12320 90.87 75.25 15.62
3 1/8 16.08 14.11 126.33 94.12 7897 15.15
4 1/7 16.52 14.56 129.82 97.62 83.11 1451
5 1/6 17.02 15.06 133.71 10141 87.73 13.68
6 1/5 17.58 15.63 138.09 105.53 9293 12.60
7 1/4 1821 16.27 143.05 110.02 98.82 1120
8 1/3 1893 17.00 148.72 11495 105.56 9.39
9 1/2 19.76 17.85 15527 120.38 113.33 7.05
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1 2 3 4 5 6 7 8
10 1/1.5 20.23 18.32 158.93 12332 117.69 5.63
11 1/1 20.73 18.83 162.90 126.41 12240 4.01
12 1.5/1 20.81 18.88 163.52 127.33 12345 3.88
13 2/1 20.88 18.92 164.09 128.16 12441 3.75
14 3/1 21.01 19.00 165.11 129.67 126.14 3.53
15 4/1 21.13 19.07 165.00 130.96 127.63 3.33
16 5/1 21.23 19.13 166.77 132.09 128.94 3.15
17 6/1 21.31 19.18 167.45 133.08 130.09 2.99
18 ! 21.39 19.22 168.06 133.96 131.12 2.84
19 8/1 21.46 19.26 168.60 134.75 132.04 271
20 9/1 21.52 19.30 169.09 13545 132.86 2.59
21 10/1 21.58 19.33 169.53 136.08 133.61 247

%

Annex 11. Calculation for waters mixed in preselected ratios, C = 10

C=10
1 - carbonate hardness
2 - temperature

C=10
1 - combined
2 - free CO;

CO2

3 - equilibrium CO»
4 - aggressive CO, x 10

Annex 12. Calculation for water mixed in preselected ratios

Carbonate hardness (°G)

No. A/B C=0 C=1 C=2 C=5 C=10

1 2 3 4 5 6 1)

1 1/10 9.43 10.46 11.33 13.29 15.32
2 19 9.56 10.67 11.60 13.64 15.68
3 1/8 9.72 10.93 1192 14.04 16.08
4 1/7 9.93 11.24 12.30 14.49 16.52
5 1/6 10.19 11.64 1277 15.03 17.02
6 1/5 10.53 12.14 1335 15.65 17.58
7 1/4 11.02 12.82 14.10 1641 18.21
8 13 11.75 13.76 15.10 1733 18.93
9 172 1297 15.18 16.50 18.49 19.76
10 1/1.5 13.94 16.19 1743 19.18 20.23
11 1/1 15.40 17.53 18.60 19.97 20.73
12 1.5/1 16.86 18.27 19.06 20.15 20.81
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1 2 3 4 5 6 7
13 2/1 17.83 18.83 1942 20.31 20.88
14 3/1 19.05 19.60 19.97 20.58 21.01
15 4/1 19.78 20.12 20.36 20.79 21.13
16 5/1 20.27 20.49 20.65 20.96 21.23
17 6/1 20.61 20.76 20.88 21.11 21.31
18 /1 20.88 20.98 21.06 2123 21.39
19 8/1 21.08 21.15 2121 21.34 21.46
20 91 21.24 2229 2133 2143 21.52
21 10/1 21.37 2141 2144 21.51 21.58
254 °6
2
23
22
21
20
1
17
16
15
14
;Ig 1=€ =0
11 2-C =1
10 3-C =2
3 4-C =5
7 5-C =1
2 -
A1 11 1111111115234 5678291
8=10/9'8 7 65 43 2151 1T17 111 1149 11
Carbonate hardness
Annex 13. Calculation for water mixed in preselected ratios
Temperature
No. A/B Cc=0
1 2 3
1 1/10 7.27
2 19 7.40
3 1/8 7.56
4 1/7 7.75
5 1/6 8.00
6 1/5 8.33
7 1/4 8.80
8 1/3 9.50
9 12 10.67
10 1/1.5 11.60
11 1/1 13.00
12 1.5/1 14.40
13 2/1 15.33
14 3/1 16.50
15 4/1 17.20
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1 2 3 4 5 6 7
16 5/1 17.67 18.00 18.25 18.73 19.13
17 6/1 18.00 18.25 18.44 18.83 19.18
18 7/1 18.25 18.44 18.60 1892 19.22
19 8/1 18.44 18.60 18.73 19.00 19.26
20 91 18.60 18.73 48.83 19.07 19.30
21 10/1 18.73 18.83 18.92 19.13 19.33

A1 11 1111111115234 5678281

B=109 87654321511 111111111

Temperature
Annex 14. Calculation for water mixed in preselected ratios
Combined CO, (g/m?)

No.  4/B C=0 c=1 Cc=2 Cc=5 C=10
1 1/10 74.07 82.17 89.03 104.45 120.36
2 19 75.11 83.86 91.14 107.17 123.20
3 1/8 76.39 85.88 93.64 110.28 126.33
4 177 77.98 88.35 96.64 113.87 129.82
S 1/6 80.03 91.44 100.31 118.05 133.71
6 1/5 82.76 95.41 104.89 123.00 138.09
7 1/4 86.59 100.70 110.79 128.94 143.05
8 1/3 92.32 108.11 118.64 136.19 148.72
9 12 101.88 119.23 129.64 145.26 15527
10 1/1.5 109.53 127.17 136.98 150.70 158.93
11 1/1 121.00 137.76 146.14 156.92 162.90
12 1.5/1 13247 143.56 149.72 158.35 163.52
13 2/1 140.12 14791 152.59 159.60 164.09
14 3/1 149.68 154.00 156.88 161.68 165.11
15 4/1 155.41 158.06 159.95 163.35 165.00
16 5/1 159.24 160.96 162.25 164.71 166.77
17 6/1 161.97 163.13 164.04 165.85 167.45
18 7/1 164.02 164.83 165.47 166.81 168.06
19 8/1 165.61 166.18 166.64 167.64 168.60
20 9/1 166.89 167.29 167.62 168.35 169.09
21 10/1 167.93 168.21 168.45 168.98 169.53



Annex 15. Calculation for water mixed in preselected ratios

Computer optimization of water mixing

1501
140:
1307
1201
110 1-C=0
1 2-C =1
1001 3-c =2
901 4L-C =5
0 S-C =1
&):'
70 + +
A=1 1 943239 1411 1171182 3 %58 2 8 9 10
B=09 87 65 4321511 111111111

Combined CO,

3N -0

A= .9 17191179191 1115.234 567890
82109 8 7 6 54 3 2151 1111111 11
Free CO,
Free CO, (g/m?)

No. A/B C=0 C=1 Cc=2 C=5 C=10

1 2 3 4 5 6 7

1 1/10 25.24 38.62 49.01 69.72 87.85

2 19 27.18 41.38 52.19 73.11 90.87

3 1/8 29.53 44.64 55.84 76.88 » 9412
4 1/7 3242 48.51 60.09 81.10 97.62
5 1/6 36.05 53.20 65.01 85.83 10141
6 1/5 40.77 59.01 71.12 91.19 105.53
7 1/4 47.15 66.38 78.44 97.33 110.02
8 1/3 56.24 76.06 87.58 104.40 11495
9 12 70.19 89.31 99.31 112.67 120.38
10 1/1.5 8043 97.98 106.55 117.37 123.32
11 1/1 94.47 108.67 115.01 12251 126.41
12 1.5/1 107.17 115.03 119.05 124.34 127.33
13 2/1 115.01 119.63 122.22 12592 128.16
14 3/1 124.21 125.84 126.89 128.55 129.67
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1 2 3 4 5 6 7
15 4/1 129.44 129.86 130.15 130.62 130.96
16 5/1 132.82 132.66 132.54 132.30 13209
17 6/1 135.18 134.74 134.40 133.70 133.08
18 7/1 136.92 136.33 135.85 134.87 133.96
19 8/1 - 138.27 137.59 137.05 135.87 134.75
20 9/1 139.33 138.63 138.03 136.74 13545
21 10/1 140.19 139.48 138.86 137.50 136.08

Annex 16. Calculation for water mixed in preselected ratios
Equilibrium CO, (g/m?3)

No. A/B C=0 cC=1 C=2 C=5 C=10
1 1/10 17.61 27.11 35.14 5323 71.88
2 19 18.92 29.16 37.70 56.47 75.25
3 1/8 20.52 31.63 40.71 60.18 78.97
4 1/7 22.52 34.64 4433 64.47 83.11
5 1/6 25.09 38.40 48.76 69.46 87.73
6 1/5 28.52 43.24 5429 75.36 92.93
7 1/4 3332 49.70 61.40 8245 98.82
8 1/3 40.53 58.74 70.88 91.11 105.56
9 12 52.53 7229 84.15 101.93 113.33
10 1/1.5 62.13 81.97 92.00 108.43 117.69
11 1/1 76.54 94.88 104.06 115.85 122.40
12 1.5/1 90.94 102.55 108.00 118.03 12345
13 2/1 100.54 108.30 11295 119.94 12441
14 3/1 112.54 116.35 118.89 123.12 126.14
15 4/1 119.75 121.72 123.13 125.66 127.63
16 5/1 124.55 125.55 126.30 127.74 128.94
17 6/1 127.98 128.43 128.78 129.48 130.09
18 71 130.55 130.66 130.75 - 13094 131.12
19 8/1 132.55 13245 132.37 132.20 132.04
20 91 134.15 13392 133.72 13329 132.86
21 10/1 135.46 135.14 134.86 134.25 133.61

T 1111111111152 34567 80910
0987654321111 11111111

Equilibrium CO,
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Annex 17. Calculation for water mixed in preselected ratios

Aggressive CO, (g/m?)

No. A/B C=0 C=1 C=2 Cc=5 Cc=10
1 1/10 7.63 11.51 13.87 16.49 > 1597 <
2 19 8.26 12.22 14.49 16.64 15.62
3 1/8 9.01 13.01 15.13 >16.70 < 15.15¢
4 1/7 9.90 13.87 15.76 16.63 14.51
5 1/6 10.96 14.80 16.35 16.37 13.68
6 15 1225 15.77 16.83 15.83 12.60
7 1/4 13.83 16.68 > 1704 < 14.88 11.20
8 1/3 15.71 >1732< 16.70 13.29 9.39

12 17.66 17.02 15.16 10.74 7.05
1/1.5 >1830< 16.01 13.55 894 5.63
1/1 17.93 13.79 10.95 6.66 4.01
1.5/1 16.23 12.48 10.05 6.31 3.88
2/1 14.47 11.33 9.27 598 3.75
31 11.67 9.49 8.00 543 3.53
4/1 9.69 8.14 7.02 4.96 3.33
5/1 8.27 7.11 6.24 4.56 3.15
6/1 7.20 6.31 5.62 422 299
7 6.37 5.67 5.10 393 2.84
8/1 5.72 5.14 4.68 3.67 2.71
70 5.18 4.71 431 345 2.59
10/1 4.73 4.34 4.00 325 247

11152 3 4 56 7 8 91
I TR TR A D A R,

=111 1111
09876543215

Aggressive CO, x 10
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KOMPUTEROWA OPTYMALIZACJA MIESZANIA WODY

Mieszanie wod naturalnych, ktore sa bliskie stanu rownowagi, czgsto powoduje ich agresywnosé lub
wytracanie, czasem potaczone z nieprzyjemnym zapachem i smakiem. Gdy nie mamy wystarczajacej do
zmieszania objgtosci wody, wskazany jest odpowiedni dobor skiadnikéw i ich proporcji tak, aby
zmniejszy¢ agresywnos$¢ mieszaniny. Aby dokonaé optymalizacji komputerowej, wyprowadza si¢ row-
nanie trzeciego rzgdu, odnoszace si¢ do zawartosci rownowaznego CO, (a) i do twardosci weglanowej (k)

a = (0,67 +0,03)1072k3,

gdzie t oznacza temperaturg. Zawarto$¢ zwigzanego CO, (b) moze by¢ obliczona z dobrze znanego wzoru
k
b=—22.
28

Obliczenia prowadza do réwnania trzeciego rzgdu. Kiedy réwnanie to jest rozwigzane zgodnie ze
wzorem Cardano, otrzymuje si¢ wartoSci zawartoSci CO, agresywnej i rownowaznej w mieszaninie.
Programy komputerowe pracujace na podstawie tej metody umozliwiaja otrzymanie w krotkim czasie
ogromnej liczby danych w formie rysunkéw i tabel. Mozna przeprowadzaé¢ wyczerpujace badanie
proporcji mieszania, aby ulatwi¢ optymalizacje. Latwo mozna tez wybraé wlasciwe proporcje mieszania,
spetiajace zalecane lub dozwolone poziomy agresywnego CO, w wodzie. Metoda ta moze byé takze
stosowana do mieszania wod, ktore sg agresywne ze swej natury.

OIITUMM3ALIMA C IIOMOIBIO 3BM CMEMWBAHUSA BObI

CmenmmBaHWe HATYpaJbHBIX BOJ, HAXOISLIAXCS B COCTOSHHMHM PABHOBECHS, 9ACTO BRI3KIBAET HX
arpecCABHOCTb HJIM OCENaHHE, CBSI3aHHOE C HEMPHSATHLIM 3a0aXOM H BKycoM. Koraa HeT mocTaTtodHoro
IUIsl CMEILEHHs KOJIMYECTBA BOMAbI, HEOOXOMHM COOTBETCTBYIOILHI NOAGOP KOMIOHEHTOB H MX MPOMOP-
Al TaK, YTOOBl YMEHBIUHTb ArPEeCCHBHOCTh CMecH. Jl1s omTumu3anmu ¢ nomoiusio DBM BeeneHo
YPaBHEHHE TPETHEro MOps/Ka, OTHOCSIIEEC K coaepxanuio 3kuBajseHTHOro CO, (@) B K yriekucioit
xectkocta (k)

a = (0,67 + 0,03¢)10~2k3

rae t o6o3naqaer temnepatypy. Conepxanne cassamsoro CO, (b) MoXeT GHTb BLMHACIEHO H3 XOPOILO
H3BECTHOH (OpMyJIbI

k
b =-—22.
2,8

PacueTh BeyT K ypaBHEHHIO TpeThero mopsiaka. Koraa aTo ypaBHeHHe pelieHo coriacHo GopmyJie
Kapnano, nonydarorcs 3Ha4eHMsI arpPeCCHBHOrO M 3KBHBajleHTHOro comepxanmit CO, B cMecH. Kom-
IBIOTEPHBIE MPOrPaMMel, paboTarollpe Ha OCHOBE 3TOrO METOAA AAIOT BO3MOXHOCTH MOJyYeHHS
B TEYEHHE KOPOTKOIrO BPEMEHH 60JIbLIOro YHC/Ia NAaHHBIX B BAJE PUCYHKOB M Tabnuu, MoXHO mpoBecTd
TNOJIHOE MCCIIe[0OBAaHHE NMPOMOPLMIA CMENICHAs], YTOOB yJyYIUMTh ONTHMH3ALMIO. JIErKO MOXHO Takke
BRIGpaTh COOTBETCTBYIOLIAE POMOPLIMA CMELLEHHS], OTBEYAIOIIHE PEKOMEH/YEMBIM HIIH IOIYCKAEMBIM
ypoBasM arpeccuBroro CO, B Bosie. DTOT METOI MOXET OhITh Takxke MPAMEHEH IS CMELIMBAHHS BOJ
arpecCHBHBEIX MO CBOEi HaType.



