replacement is a good management tool to use to
maintain proper TDS levels in pools and spas. Some
facilities develop a daily water replacement based on
average user load. See the Spa & Therapy Operations
chapter for more discussion concerning the water
replacement interval.

Saturation Index

Wilfred F. Langelier, a professor of Civil Engineering
at the University of California-Berkeley, developed
amethod of coating water distribution piping
with a thin layer of scale. His published paper “The
Analytical Control of Anti-Corrosive Water Treatment”
quantified the corrosive potential of water. The index
developed in this paper is called the Langelier Index.

The Langelier Index has been adopted by many
industries and has spread to industrial water
treatment as well as domestic drinking water
treatment. The swimming pool industry developed a
modified version of the Langelier Index in the 1970s.
This index was adjusted for pool/spa water conditions
and provides a method for determining whether the
water is balanced with regard to calcium carbonate
equilibrium.

The Saturation Index (Sl) is a method of
determining whether water will deposit calcium
carbonate or maintain it in solution. The Sl
incorporates the five balance factors discussed in
this chapter: pH, total alkalinity, calcium hardness,
temperature, and total dissolved solids. Sequestering
agents used to prevent scale, staining, or discoloration
in water can improve the solubility characteristics of
calcium carbonate, reducing the formation of scale.
As aresult, the balance point (0) of the Sl can shift to
amore positive number.

When higher cyanuric acid levels are present in
water, the contribution of cyanuric acid should be
removed from the total alkalinity since the saturation
index uses the alkalinity due to carbonate, or total
carbonate alkalinity, to determine the water balance.
The cyanuric acid concentration should be divided
by 3 to give the contribution to total alkalinity. For
example, if the total alkalinity reading was 90 ppm
(mg/L) and the cyanuric acid level is 60 ppm (mg/L),
the total carbonate alkalinity would be 70 ppm (mg/L),
since 20 ppm (Mg/L) of the total alkalinity reading was
due to the cyanuric acid interference (60 ppm (mg/L)
+3=20 ppm (mg/L)).

Temperature, calcium hardness, total alkalinity,
and total dissolved solids are expressed in the Sl as
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factors Tf, Cf, Af, and TDSf respectively, as shown in
lllustration 6-7. The pH of the water is substituted
directly into the index.

For pool and spa waters, the ideal result of
performing this index is to have a result of zero, i.e,
SI = 0. Balanced water is between - 0.3 and + 0.5.
Corrosive water is - 0.4 and lower. Scaling water is
+0.6 and higher.

Calculating the Saturation Index

To determine whether pool or spa water is properly
balanced, a full water chemistry analysis is necessary.
When calculating the SI, use the factors in lllustration
6-7. If an actual measurement is not found in the
chart, use the next greatest value. The measured pH
value is used directly in the formula. The Saturation
Index formula is as follows:

5] = pH + TF + CF + M - TDSF
Seermiss pim Tespeess Cobles  Alsbny ™S
il wamad e S— So— P

If the water is not balanced, adjustments must
be made to bring the water back into balance.
The sequence of adding chemicals to make the
adjustment should be total alkalinity first, followed by
pH, and calcium hardness third. Temperature is not
normally adjusted for water balance as most of the
time it is not a controllable factor.

Example 6.1

Your pool water test readings are as follows:

pH 7.2

Temperature 84°F (28.9°C)
Calcium Hardness 200 ppm or mg/L
Total Alkalinity 100 ppm or mg/L
TDS 2,250 ppm or mg/L

Using the Saturation Index formula, the following
results are obtained:

Sl=pH + Tf + Cf + Af - TDSf
SI=72 + 0.7 + 1.9 + 20 - 123
SI=-0.5

The water is corrosive.




Example 6.2 Satumation Index Factom POOL & SPA
MANAGEMENT
Your spa water test readings are as follows: Temperature Eir:iuml-hnhesJ Total Carbonate
ot gl 25 CaiC0, Allalimity
ppm PP REGULATIONS &
pH 77 FC T | gy f gL} Af GUIDELINES
Temperature 104°F (40°C) 32 8.8 B.B| 5 1.8 75, 1.4
Calcium Hardness 400 ppm or mg/L 37 2.8 8.1 | =B 1.3 5@ 1.7 ESSENTIAL
Total Alkalinity 100 ppm or mg/L 4% 7.8 8.2| 7% 1.5 75 1.9 CALCULATIONS
TDS 3,500 ppm or mg/L
53 11.7 8.3 | 188 1.6 1a8 2.8
POOL WATER
Using the Saturation Index formula, the following 60 15.6 8.4 | 125 1.7 125 2.1 CONTAMINATION
results are obtained: 66 18.9 @.5 | 158 1.8 158 2.2
76 24.4 B.6 | 200 1.9 208 2.3
SIl=pH + Tf + Cf + Af - TDSf : DISINFECTION
SI=77 + 09+ 22+ 20 - 124 84 35.9 0.7 | 5¢ NENNENN <50 INERS
Sl=+0.4 94 34.4 8.8 | 308 2.1 308 2.5
) 185 48.6 0.9 | 488 2.2 488 2.6 WATER BALANCE
The water is balanced. 208 2.5 208 2.9
Example 6.3 Toinl canived Soiids Fariors POOL & SPA
WATER PROBLEMS
TDS Factor

You can also use the following SI Worksheet in

<800 121
order to calculate the Sl value for your pool water. 8011500 129 CHEMICAL
ing the factors chart in lllustration 6-7, insert the - : TESTING
LSing the oD 1,501-2,900 12.3
factors values for each measured variable. Note
L : . 2,901-5,500 12.4 CHEMICAL FEED
that in this example the water is not balanced with a s — & CONTROL
Saturation Index value of -0.5, which means that the > :
water is corrosive. The values given in red are possible R
d h b d bri h lllustration 6-7. WATER
adjustments that can be made to bring the water CIRCULATION
back into balance. These adjustments are not the only
ones that can be made to bring the water back into .
balance. FILTRATION
HEATING & AIR
CIRCULATION
: SPA & THERAPY
Sl =pH + Tf + Cf + Af - TDSf OPERATIONS

FACILITY SAFETY

+01 402 +03 +04 05 08 +0.7 KEEPING
RECORDS

MAINTENANCE
SYSTEMS

Balanced: Indax betwean -0.3 and +0.5
Secale Forming: Index owar +0.5 ;Eglcl)?_ll.:;;
Corrosive: Index below -0.3

—r

FACILITY
RENOVATION
& DESIGN

lllustration 6-8. REFERENCES
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Saurficn Indax Fockars.
Temperature Calcivm Hardness | Total Carkonate
wprmnd o Call) Nkﬂ“ﬂ"y

Ppm Ppm
ofF g T [ma/L] [« /L] Af
32 0.0 0.0 25 1.8 25 1.4
37 2.8 0.1 58 1.3 L1 ] 1.7
4 7.8 8.2| 75 1.5 | 75 f1.93

Total Desclved Salids 3 11,7 9.3 ] 180 11.64| 100 2.9
Factoes 66 15.6 0.4 125 17 | 125 2.1
T“* ‘fi]‘:.‘_f 66 18.9 .5| 150 1.3 | 150 2.2 |
~—"—"76 24.4 6.6| 200 1.9 | 200 2.3

- 84 28.9%0.71 250 2.8\] 258 2.4
al | 94 344018 3@ 21| 3 2.5
251 | 165 48.6 o9 | 428 2.2 | 408 2.6
880 2.5 || see 2.9

Factor

Valu% Factor \ MNew Value

—

pH 7.4 \\ +7.4 / 7.4 +7.4

gaop | % Bar |}
Temperature
: K (28.9°C) +°'7/ (es.oeg] 07

Calcium Hardness \ 100 +1.§ A +1.9
M,

o
Carbonate Alkalinity \Q +1.9 a0 +2.0

Sub-Total \ 11.6 12.0

121 500 -12.1

Total Dissolved Solids 500

Saturation Index -0.5 -0

lllustration 6-9. Saturation Index worksheet.

Ryznar Stability Index

The Ryznar Stability Index (RSI) is another
saturation index that is used by some industry
professionals to judge how to maintain calcium
carbonate water balance and reduce metal corrosion.
Like Langelier's Index, RS estimates the degree to
which calcium carbonate deposits, or scales, on
surfaces or dissolves/corrodes calcium carbonate
from a surface. Yet, the most common focus for use
of the RSl is to minimize metal corrosion through
calcium carbonate’s providing a protective coating on
the metal surface.
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