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A study was performed that compared the ef- up chemistry is described and dcx^umented in this pa-
fects of different chemical start-up procedures on the per. 
surface of swimming pool plaster. Lab research was When first added to water, the components of 
performed by simulating traditional start-ups and swimming pool plaster undergo many chemical trans-
acid start-ups (both utilizing muriatic acid), and high formations which convert the cement, aggregate, wa-
alkalinity start-ups (usirig sodium bicarboriate) with ter, and additives into a sohd, cured, and hydrated 
plaster coupons, which were subsequently analyzed. mass. Typical of concrete products utiHzing portland 
Field research was also conducted to confirm consis- cement, 50 to 80% of the total hydration of the plas-
tency with the lab results. Experimental results and ter is achieved in 28 days, with the final hydration 
conclusions are given. occurring slowly over years and even decades (Lea 

The study was performed by the authors, and 1971). Because of the fact that the plaster is placed in 
the presentation, along with additional and unique a 100% hydrated environment (i.e., underwater) 
data and hypothesis, was made by John Maziuk of within hours of the finish—trowelling, the chemistry 
Church & Dwight. The additional information is of that water during those first 28 days is a contrib-
available by purchasing the audio cassette tape of the uting factor in the ultimate strength, durability, and 
presentation (instructions on page 6). appearance of the swimming pool surface. 

Introduction 

The methods of traditional and alternative start
up techniques have been addressed in the trade press 
over the course of the last several years. Beginning 
in 1992 Pool & Spa News began a summary of the 
various methods being used, including the traditional 
(Herman 1992a; Zielinski 1992), the acid (Herman 
1992b), and the sodium bicarbonate (Herman 1992c) 
technologies. A follow—up article was printed in 1997 
(Ericksen 1997) which summarizes the various meth
ods. Hard data, however, has been diJHicult to come 
by when attempting to evaluate the merits of the vari
ous methods. The sodium bicarbonate method of start-
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The Chemical Ramifications of 
Plaster Curing Under Water 

In a plaster-surfaced swimming pool, calcium 
is typically cured from the plaster surfaces of the pool 
when the init ial start-up chemistry is performed us
ing traditional water chemistry start-up techniques. 
A result of the chemical phase changes of curing swim
ming pool plaster and its submersion in water is that 
calcium is released from the plaster surface. Because 
of the high pH nature of the plaster, this calcium is 
typically released in the form of calcium hydroxide. 
The calcium hydroxide immediately changes the 
chemistry of the water as i t fiJIs the pool, with pH 
levels reaching in excess of 10.0 when mere inches of 
water f i l l the bottom of the pool. 

A Note Regarding Influence of 
pH on Calcium in the 

Carbonate Continuum 
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[Please note that there are more detailed reac
tions taking place, but that simplified versions of these 
reactions are used for clarity and are consistent with 
simplifications used in swimming pool chemistry texts. 
The symbols and equations used represent compo
nents of, and changes in the water, but are not meant 
to be inclusive of every component or change.] 

Changes in the pH of pool water affect the bi
carbonate ( H C O 3 - ) , carbonate (COg^), and hydroxide, 
or hydroxyl (OH"*) phases of alkalinity. Hydroxide al
kalinity begins to be appreciable in water with pH 
levels in excess of 9; carbonate when pH levels range 
between 8.3 and 12; bicarbonate at pH levels between 
5 and 10. When pH levels drop below the mid-4 lev
els, bicarbonate sQkahnity is converted to carbonic acid 
and thus is no longer alkalinity. I t is important to 
note that at concentrations typically found in swim
ming pool water, the hydroxide and bicarbonate forms 
of calcium are generally soluble in water, where the 
carbonate form is generally insoluble. 

Between each combination of alkahne forms, a 
buffer level exists. The midpoint buffer level for the 
carbonic/bicarbonate combination is 6.4 and the mid
point buffer level for the bicarbonate/carbonate com
bination is 10.2. When the primary alkalinity species 
is bicarbonate, and httle or no dissolved CO2 is present, 
the pH w i l l approach the midpoint, which is 8.3. Thus 
water with a significsmt hydroxide component tends 
to have a p H of about 12 or higher, water with a sig
nificant carbonate component tends to have a pH of 
about 10, and water with a significant bicarbonate 
component tends to have a p H of about 8.0. 

When a pool is filled with untreated tap water, 
the water balance parameters of that f i l l water cre
ate a condition where calcium hydroxide dissolves 
from the pool plaster surface into the pool water. This 
dissolution of calcium hydroxide raises the pH of the 
pool water to levels ranging from as low as the upper 
8 pH level to as high as the 11 pH level (depending on 
the alkalinity of the water) and adds as much as 150 
ppm of dissolved calcium to the pool water. This high 
pH, excess calcium water condition creates the need 
for a chemical "start-up" process. 

The "Tradit ionar Method of 
Start-up Chemistry 

When performing a traditional start-up, the pool 
is first filled with untreated tap water. Since the re
sultant p H of the water generally exceeds 9, once the 
pool is filled, enough muriatic acid is added to the 
water to achieve a pH in the 7.2-7.6 level and a total 
alkalinity level in the 80-120 range. As the acid is 
added, and the p H of the water is lowered through 
the carbonate toward the bicarbonate pH range, 
soluble calcium hydroxide in the pool water under
goes a conversion to calcium carbonate, and forms a 

white crystalline precipitate commonly referred to as 
"plaster dust". Settled precipitate in the pool must be 
brushed regularly in order to prevent its attachment 
to the plaster, and to allow the filtration system to 
remove the precipitate from the pool. Unless extreme 
dihgence is exercised, some of the calcium carbonate 
wi l l scale onto the plaster surface, but since most plas
ter pools are white, the precipitate is not visible. Cal
cium removed from the plaster wall when this tech
nique is utilized ends up either being filtered out, left 
soluble in the water, scaled on the plaster surface, or 
any combination thereof. 

The "Acid" Method of Start-up 
Chemistry 

With the increasing popularity of colored plas
ters, scaling of calcium carbonate onto the pool wall 
has become undesirable and even unacceptable to pool 
owners. As a strategy to prevent this scaling, several 
alternative start-up methods have been developed. 
One of the alternative strategies is referred to as the 
"acid start-up". 

When performing an acid start-up, the pool is 
first filled with untreated tap water. Again, the re
sultant pH of the water generally exceeds 9. Once 
the pool is filled, enough muriatic acid is added to the 
water (commonly around 4 gallons of acid per 10,000 
gallons) to achieve a pH in the mid-4 pH level, with a 
resultant total alkalinity level of 0. This pH level is 
low enough to solubihze all calcium in the pool wa
ter. After about a week, the p H of the pool is gradu
ally raised up to the mid-7 pH range, thus avoiding 
pH levels where calcium becomes insoluble. Calcium 
removed from the plaster wall when this technique is 
utdized ends up as soluble calcium bicarbonate in the 
water. 

The "Sodium Bicarbonate" 
Method of Start-up Chemistry 

Another alternative to the traditional start-up 
is referred to as the high alkalinity, or sodium bicar
bonate start-up. When performing a sodium bicar
bonate start-Hip, the pool is filled with tap water which 
has been pretreated with sodium bicarbonate. This 
pretreatment consists of dissolving about 30 pounds 
of sodium bicarbonate per 10,000 gallons into a hold
ing tank, and then filling the pool through the hold
ing tank. When this method is employed, the pH of 
the pool water rarely exceeds 8.3, and the alkalinity 
level of the pool water is usually in the 300 - 340 ppm 
range. After the water is stable (usually 4 to 6 days), 
enough muriatic acid is gradually added to the water 
unt i l the total alkalinity is eventually lowered to the 
80-120 ppm range, whereupon the pH tends to equih-

Proceedings - NSPI Chemistry Symposium (1997) 35 



brate to the mid-7 range. This method also avoids 
pH levels where calcium becomes insoluble. 

I f any calcium is removed from the plaster wall 
when this technique is utilized i t ends up as soluble 
calcium bicarbonate i n the water. 

Lab Experimentation 

Coupons of pool plaster were formed using ce
ment, aggregate, calcium chloride, and water. The 
coupons were labeled, and divided into three basins 
of water. Chemical start-up procedures were used to 
mimic a) a traditional start-up, b) an acid start-up, 
and c) a sodium bicarbonate start-up. After seven 
days, all coupons were placed into one basin at each 
location, and the water was kept balanced for a pe
riod of two months. At this point, one coupon from 
each start-up procedure was removed for microscopic 
surface analysis. The remaining coupons were then 
subjected to acidic conditions for 48 hours, and then 
they also were removed for microscopic analysis. 

Materials Used: 
The bottoms of six plastic five gallon buckets, approxi

mately 1 inch in depth 
Three plastic containers - 32 gallon size 
Twenty pounds of white portland cement 
Thirty pounds of marble aggregate 
Six ounces of calcium chloride (78% flake type) 
One gallon of muriatic acid 
One gallon of sodium hypochlorite 
Three tablespoons of sodium bicarbonate 
One tablespoon of cyanuric acid (stabilizer) 

Six plaster coupons were formed in the bottom 
of five gallon buckets. The buckets were sawed off so 
that the coupons formed were about an inch in thick
ness. 

Three plastic containers, each thirty-two (32) 
gallon size, were used to submerge the plaster cou
pons in the three different water conditions. The cou
pons were placed in a vertical position in the con
tainer. 

To make the plaster coupons, six ounces (3/4 cup) 
of calcium chloride was added to one gallon of water 
and mixed. Then twenty pounds of cement and thirty 
pounds of aggregate were added and mixed together. 
The plastic buckets (depth of one inch) were then filled 
with pool plaster and trowelled to a smooth hard fin
ish. A l l six plaster coupons were then labelled. 

To accomphsh the desired water conditions, a 
water analysis of the tap water was performed, in 
cluding tests for total alkalinity, total hardness, and 
pH. Results were recorded. Each of the three plastic 
containers was then fUled with thirty gallons of the 
tap water. 

The ratio of thirty gallons of water to 2 coupons 
of about .75 square feet each (or 1.5 square feet of 
plaster surface to 30 gallons of water) is analogous to 
average pool conditions, where the square footage of 
plaster surface to volume of pool water is roughly 20 
gallons of water to 1 square foot of plaster. 

To simulate a traditional start-up, two plaster 
coupons were placed vertically into one of the three 
plastic containers, which was then filled with tap 
water. The water was then treated with one teaspoon 
or 5 milliliters of muriatic acid (equivalent to about 
.45 gallons in a 10,000 gallon pool) to maintain pH at 
7.5. 

For the acid start-up, two plaster coupons were 
placed vertically into a second of the three plastic con
tainers, which was then filled with tap water. The 
water in the second container was treated with three 
tablespoons or 45 milliliters of muriatic acid (equiva
lent to about 4 gallons in a 10,000 gallon pool). 

For the sodium bicarbonate start-up, water in 
the third container was treated with three tablespoons 
or 42 grams of sodium bicarbonate (equivalent to about 
31 pounds in a 10,000 gallon pool, which results in 
about 220 ppm of added alkalinity). The coupons were 
then placed vertically into the treated water in the 
container. 

The plaster coupons were then lightly brushed 
twice daily. After one week with plaster coupons in 
their respective start-up waters, aU coupons were 
removed and placed vertically into one 32 gallon plas
tic container with new fresh tap water (30 gallons). 
Water in this plastic container was treated with one 
tablespoon or 10 grams of cyanuric acid (equivalent 
to about 7.34 pounds or 90 ppm in 10,000 gallons), 
one teaspoon or 5 ml of sodium hypochlorite (equiva
lent to about .5 gallons or 6 ppm in 10,000 gallons, 
with an additional dose added after 1 month), and 
one-half teaspoon of muriatic acid (equivalent to about 
1 quart in 10,000 gallons). Additional acid was added 
occasionally as necessary to maintain a pH of 7.6. 

The coupons were then lightly brushed twice a 
week. After two months, one plaster coupon firom each 
of the three start-up procedures was removed, and 
labelled "traditional - before acid wash", "acid - be
fore acid wash", and "sodium bicarbonate - before acid 
wash". 

To simulate an acid wash, three tablespoons of 
muriatic acid was added to the plastic container with 
the remaining three plaster coupons. After 48 hours, 
they were removed, and labelled "traditional - after 
acid wash", "acid - after acid wash", and "sodium bi
carbonate - after acid wash". 

Results of Lab Testing 

After the samples were collected, they were first 
subjected to microscopic analysis. As shown in photo-
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graphs 1 through 12, i t was consistently noted that 
the coupons which underwent simulated traditional 
start-up chemistry had surfaces which were composed 
primarily of cement, with a moderate amount of ag
gregate showing through. Coupons which underwent 
simulated acid start—up chemistry were visually 
rougher, and more of the surface was exposed aggre
gate. Coupons which underwent simulated sodium 
bicarbonate s t a r t - u p chemistry were visual ly 
smoother, and more of the surface was cement. In 
deed, the sodium bicarbonate-started coupons were 
so smooth that the experiment was re-run several 
times with black plaster to verify that the smooth 
surface was, in fact, original cement and not a depo
sition (since a deposition would be white and show 
against the black background). For those coupons 
which were acid washed, i t was noted that subjecting 
the coupons to an acid wash did, indeed, clean the 
coupon surfaces of surface coloration, but no differ
ence was noted relative to how the various types of 
start-up procedures influenced how weU the coupons 
"stood up" to the acid wash. 

When emptying the containers after the initial 
start-up chemistry was completed, i t was noted that 
there was a consistent absence of calcium scale in the 
bottoms of the acid and sodium bicarbonate vessels, 
and a precipitate of calcium in the bottom of the ves
sel where the traditional method was employed. Since 
all coupons were consistently brushed, no appreciable 
scale was evident on the surface of any of the cou
pons. 

Field Observation / 
Experimentation 

After the laboratory experimentation, traditional 
and sodium bicarbonate start-ups were performed in 
pools under careful observation. pH meters were sus
pended in the pools before the water was turned on, 
and the results were graphed. Probe 1 was located 6" 
above the main drain, probe #2 was located 3 feet 

above the main drain, and probe #3 was located 6 
feet above the main drain (see Figures 1-4). The 
probes were connected to a Model 600 Electronic pH 
recorder and data logger, manufactured by Kruger & 
Eckels. The Recorder/data logger was custom manu
factured specifically for this type of testing by, and 
after consultation with Gerald Eckels of Kruger & 
Eckels. The probes were set to sample pH at 30 sec
ond intervals and values were directly downloaded 
into a computer graphing software package designed 
for the datalogger. 

Consistent with what was observed in the lab 
experimentation, pH levels in traditionally started 
pools were observed at an average of 9.8 as soon as 
water came into contact with the first pH probe. The 
pH remained constant as the pools fdled, and changed 
only after acid was introduced after filling. pH levels 
in the sodium bicarbonate pools rose only to the 8.1 -
8.3 range (see Graphs 1 and 2). Table 1 contains read
ings firom a sample residence where the new grey plas
ter pool was started using sodium bicarbonate, but 
where the spa was filled with untreated tap water. 
Readings include tap water, the pool when i t was 6 
inches, 3 feet, and 6 feet ful l , the pool after i t was 
completely fu l l (day #1) and again the following day 
(#2), and finally the spa chemistry. I n this pool, there 
was virtually no calcium precipitate in the pool, but 
there was the normal amount in the spa. 

Alkalinity tests were performed in the pools ut i 
lizing the phenolphthalein method, which differenti
ates between hydroxide and carbonate alkalinity on 
the one hand and bicarbonate alkahnity on the other. 
These tests indicated that the traditionally started 
pools contained hydroxide and/or carbonate alkahn
ity, and that the sodium bicarbonate started pools con
tained no hydroxide/carbonate alkahnity. 

Dosages for the sodium bicarbonate start-up 
method have been roughly established as foUows: the 
calcium and alkahnity levels of the source water were 
ascertained and added together. Enough sodium bi
carbonate was then added to increase the combina-

Expressed as ppm Tap 6" 3' 6* #1 #2 Spa 

pH pH meter reading 7.5 7.7 8.1 8.1 8.1 8.1 10.2 

Total Hardness CaC03 88 48 82 84 82 84 56 

Total Calcium CaCOj 66 32 66 66 58 62 32 
Total Alkalinity CaCOj 128 1060 276 254 248 246 106 
Total Dissolved Solids ppm 200 1100 400 350 350 350 225 

Table 1 - Chemistry of "Bicarb Start-up" 
Water in Sample Pool and Spa 
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tion calcium/alkalinity level to at least 400 ppm, but 
not exceeding 500 ppm. As a practical average, this 
required approximately 15 to 30 pounds of sodium 
bicarbonate per 10,000 gallons. The resultant alka
linity levels were generally in the 320 ppm range. 

Results of Field Testing 

I t was found in the field testing that the result
ing plaster surfaces in the pools were consistent with 
the results achieved with the coupons in the lab. Little 
or no calcium precipitate or scale was produced, and 
the plaster and water looked and felt superior to what 
is achieved via traditional methods. Continued study 
of the sodium bicarbonate start-up method wi l l in 
clude x-ray diffraction and SEM analysis of the vari
ous surfaces, softness or permeabihty tests, micro
scopic testing for roughness, etc. Research is also on
going relative to the recommended length of time to 
wait before fi l l ing a pool after the finish troweUing is 
completed, and the use of small amounts of acid in 
conjunction with sodium bicarbonate start-ups un
der certain fi l l -water conditions to ensure pH levels 
in the desired range. 

Conclusions 

I t has been observed that a superior finish, the 
avoidance of calcium precipitate formation, a more 
maintainable surface, safer application (over acid), 
and a lower chance of damage to the plaster is 
achieved via the sodium bicarbonate start-up method. 
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Figure 1 - Cutaway View of 
Swimming Pool with pH Probes 

in Place 

Figure 2 - Cutaway View of 
Swimming Pool with pH Probes 

in Place and Water Level at 6 
Inches 

Figure 3 - Cutaway View of 
Swimming Pool with pH Probes 

in Place and Water Level at 3 
Feet 

Figure 4 - Cutaway View of 
Swimming Pool with pH Probes 

in Place and Water Level at 6 
Feet 
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Graph 1 - pH of Plaster Pool During F i l l 
Process (without sodium bicarbonate) 

The pH probe/data-logging equipment in this pool registered a transition from no reading (shown 
as 'H)") to pH 9.8 as soon as the water came in contact with the probes in each of the three locations. 

9 

Graph 2 - pH of Plaster Pool During F i l l 
Process (with sodium bicarbonate) 

The pH probe/data-logging equipment in this pool registered a transition from no reading (shown 
as "0") to pH 8.3 as soon as the water came in contact with the probes in each of the three locations. 
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Photographs 1 through 4 - Traditional 
(White Set #1, Black Set, White Set #2 before acid wash, White Set #2 after acid wash) 

Photographs 9 through 12 - Bicarb 
(White Set #1, Black Set, White Set #2 before acid wash. White Set #2 after acid wash) 
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