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1. IN'l'RQDUCTIQN 

1.1 scope of Salt Jill Precipitation study 
To understand the magnitude of the Salt Kill precipitation (or 
siltation) phenomenon, as well as the cause and sources of the 
deposited material, an analytical evaluation of both the natural 
Salt Kill water as well as the Norlite wet scrubber blowdown 
discharge was performed. The analytical results were then used 
to accurately predict the chemical composition of an admixture of 
the natural Salt Kill water with the scrubber blowdown as well as 
the chemical reactions that will occur (if any) upon mixing. 

1.2 Natural water Characteristics 
Reference to any text or published information on natural water 
supply characteristics (eg. Refs. 1 and 2) indicate that all 
natural water sources, either in the raw state or after 
treatment, contain dissolved mineral matter. The most abundant 
of these dissolved minerals are the bicarbonates, sulfates and 
chlorides of calcium, magnesium and sodium. Silica (Si02 ) is 
also a common dissolved constituent of natural water ranging in 
concentration from about 1 ppm to over 100 ppm. Iron and 
manganese are also typically present, but in dissolved 
concentrations of less than 1.0 ppm. 

In natural streams such as the Salt Kill, these dissolved 
minerals enter into the water through the solvent properties of 
the water acting on soil and rock constituents •. For instance, 
the primary mechanism for calcium and bicarbonate presence in the 
water is through a natural process where organic matter and 
carbonaceous materials deposited in the soil (in contact with the 
water) are decomposed by soil bacteria. The decomposition of 
carbonaceous matter generates carbon dioxide gas as a by-product, 
which is absorbed in the water. The dissolved carbon dioxide 
(CO2 ) forms carbonic acid (H2C03 ) in the water which then 
dissolves naturally occurring limestone (CaC03 ) that the water 
comes in contact with. The limestone constituents, when 
dissolved, form the calcium ion (Ca++) and bicarbonate ion 
(HC03-) concentrations analyzed in the water. The more 
decomposing carbonaceous material the water contacts, the more 
CO2 can be absorbed (more at cooler temperature than at warm 
temperature) and the more limestone that can be dissolved into 
the water. 

A water that has become "saturated" with dissolved calcium and 
bicarbonate in this way, can initially appear crystal clear and 
colorless without any sign of suspended solids (i.e., the calcium 
and bicarbonate are completely dissolved in the form of ions in 
water). To remain in the saturated ionic calcium bicarbonate 
condition, the water must remain within a specific range of pH 
value, temperature and total solids concentration. A significant 
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change in any one or more of these conditions can trigger a 
reaction between calcium and bicarbonate ions that will 
precipitate some or most of these constituents, thus forming 
solid calcium carbonate either as a soft, voluminous precipitate 
or a hard rock-like (crystalline) material. 

The significant changes triggering these precipitation reactions 
can be the result of either natural or un-natural environmental 
changes or a combination of both. Environmental changes that 
cause calcium carbonate precipitation are heating, evaporation 
and pH increases due to loss of CO2 content or other influences. 

An example of a common natural display of the phenomenon is when 
groundwater saturated with calcium bicarbonate percolates through 
the rocks and soil before reaching a cavern or cavity 
underground. If percolation is slow enough for water droplets to 
form on an elevated surface of the cavern, some of the droplet 
will evaporate causing calcium carbonate to crystalize on the 
surface from which the drop is suspended. When another droplet 
percolates through to join the first, a portion of the droplet 
falls to the floor of the cavern where it continues to evaporate 
and crystallize more calcium carbonate on that surface. As this 
process continues over many hundreds and thousands of years, 
gigantic pillars of limestone (i.e., CaC03 ) are formed hanging 
from the ceiling (stalagtites) and growing up from the floor 
(stalagmites). 

1.3 Scrubber slowdown Characteristics 

The same -parameters that cause calcium carbonate to precipitate 
in natural water will cause calcium carbonate to precipitate in 
an industrial wastewater discharge such as wet scrubber blowdewn r -
The primary parameters are the calcium and carbonate/bicarbonate 
concentrations as well as the pH, temperature and total solids 
concentration of the discharges. Even if no calcium ~r carbonate 
concentrations are present in the industrial discharge, mixing 
the discharge with a natural water can trigger calcium carbonate 
precipitation due to a shift in the resultant temperature and/or 
pH of the combined flows. 

1.4 Conventional calcium carbonate Chemistry Terminology 

The study and evaluation of water systems involving calcium 
carbonate chemistry uses terminology that is almost exclusively 
limited to the water treatment technology field. Thus, such 
terms may not be familiar to chemists and engineers who have 
discipline in more general chemical process or analytical fields. 
A brief description of the following terms are relevant to 
understanding the results, discussion and conclusions of this 
study: 

2 



1.4.1 Hardness 
. - -
The dissolved calcium concentration of a water is not of 
particular concern from an environmental or health point-of-view. 
Most naturally occurring calcium compounds are non-toxic 
substances that make up a large fraction of the earths crust as 
well as many living organisms. For example, exoskeletons of many 
marine and aquatic invertebrates are made of calcium carbonate 
assimilated from the surrounding water. The skeletons and teeth 
of higher animals are comprised of calcium phosphate. 

From an industrial use point-of-view however, the calcium content 
of a water is a major concern. For example, because of the 
tendency of calcium carbonate (and calcium sulfate) to "scale 
out" of water when it is used for either cooling or steam 
generating purposes, its analyses in the water source is always 
essential and treatment for its removal is typically required. 

Historically, the term "hardness" was initiated by the laundry 
and cleaning products industries. The term hardness applies to 
the natural cationic components of water that cause soap to 
precipitate and thus, make a water "hard" to wash with. 
Normally, calcium and magnesium are the most abundant cations in 
natural water that cause soap to precipitate. Together, the 
calcium and magnesium concentrations are generally considered the 
"total hardness" of natural water. Alone, the calcium ion 
concentration is considered the "calcium hardness" and magnesium 
ion concentration is the "magnesium hardness". 

1.4.2 Alkalinity 

Whenever a natural mineral, such as calcium carbonate or sodium 
chloride dissolve in water, ions of opposite charge called 
cations (i.e., Ca++, Na+, etc.) and anions (i.e., co3•, c1-, etc.) 
are formed in chemically equivalent (stoichiometric) 
concentrations. 

Thus, whenever calcium ion is found dissolved in natural water, 
there must be a chemically equivalent balance with one or more 
anions (such as bicarbonate, carbonate, sulfate or chloride) 
present that came from the dissociation of the same dissolved 
mineral(s). 

Certain of the anions have the ability to neutralize mineral 
acids (i.e., HCl, H2S04 , HN03 ) forming salt and water as the 
products of the neutralization reaction. Together, the combined 
concentration of all the acid neutralizing anions is called the 
"total alkalinity" of the water. In natural water, bicarbonate 
(HC03-), carbonate (C03.) and hydroxide (Olr) ions make up the 
"total alkalinity" of the water. The HC03- concentration is the 
"bicarbonate alkalinity", co3• concentration is the "carbonate 
alkalinity" and the Olr concentration is the "hydroxyl 
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alkalinity" (also referred to as "causticity") of the water. 
Since most natural water has pH values less than 9.0, a~d very 
little OH"" concentration is present at this pH, •total 
alkalinity" is typically comprised of just HC03- and co3• 

concentration. 

Since so4• and c1- are already the anions of salts of these acids, 
they don't neutralize the acids and do not constitute alkalinity 
in the water. 

Therefore, hardness may be associated with an equivalent 
concentration of alkalinity or may be associated only with non
alkaline anions or may be associated with some of each. That 
portion of hardness associated with (or equivalent to) the 
alkalinity (i.e., eco3- and Co3·) of the water is known as 
"carbonate hardness" and the portion associated with (or 
equivalent to) the non-alkaline anions (i.e., s04•, c1-, NO~) is 
known as "non-carbonate hardness". 

1.4.3 Calcium carbonate Units or Equivalents 

Historically, the conventional water treatment process for 
removal of calcium hardness involves precipitation with carbonate 
to form solid calcium carbonate. If not enough carbonate or 
bicarbonate ion is naturally present, a soluble salt such as soda 
ash (Na2C03 ) is added stoichiometrically to maximize the removal 
of dissolved calcium as much as possible. 

Even though ion exchange softening has largely replaced these 
conventional water treatment methods (that involve treating for 
dissolved calcium by precipitation of solid calcium carbonate), 
it is still the convention in both analysis reporting and 
calculation of treatment dosages to express both hardness and 
alkalinity constituents in terms of calcium carbonate equivalents 
(i.e., mg/1 as CaC03 ). Therefore, upon glancing at a water 
analysis it is readily apparent whether or not all the ·calcium 
present is associated with (or equivalent to) all the alkalinity 
present or vice-versa. Also, this convention helps in 
calculating the dosages of treatment chemicals (such as Ca(OH) 2 
and Na2C03 ) needed to remove either excess calcium or excess 
alkalinity since they would also be converted to their CaC03 
equivalents. 

Another reason for use of CaC03 equivalents is that it is a 
convenient mechanism with which to put each of the reacting 
hardness and alkalinity components on the same molar (i.e., 
chemically equivalent or stoichiometric) basis. Since each 
chemical species must react with the stoichiometric equivalent of 
another species, the molecular weight of CaC03 (being 100 
grams/mole) makes a convenient denominator to divide the 
molecular weight of the other reacting species by to determine 
their multiplication factors for calculating concentrations as 
CaC03 equivalents. 
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The use of CaC03 equivalents was a system devised in the early 
days of water treatment technology since many water treatment 
operators had no formal training or knowledge of chemical 
reactions, molar equivalents or stoichiometric balances between 
reacting species . Therefore, tables were prepared, such as shown 
in Tables 126 through 134 in Ref. 1, pp 488-489, to allow quick 
calculation of various chemical species concentrations as calcium 
carbonate equivalents (i.e., mg/Las CaC03 ) . 
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2. SQMMARY 

·2 .1 Objective 

The first objective of this study is to determine the source, 
quantity and composition of the precipitate observed in the Salt 
Kill Creek downstream of Norlite •s scrubber blowdown outfall. 

The second objective is to determine and recommend measures that 
can be taken to eliminate or minimize the precipitate formation 
and subsequent deposition in the creek. 

2.2 scope 

The results of this study including its conclusions and 
recommendations are based on data from sampling, measurements and 
analysis compiled from a 5-day study period representing typical 
facility operating and creek flow conditions during November 9 to 
13, 1992. 

These sampling procedures involved compositing five individual 
daily grab samples (both liquids and solid sediments from 
upstream Salt Kill, scrubber blowdown and downstream Salt Kill 
sample points) into 5-day composites to determine average stream 
compositions during this study period. 

The sampling program was carried out by qualified Norlite 
personnel. Sample analysis were conducted by outside New York 
State certified laboratories. 

2.3 Results 
Results of the stream sampling and laboratory testing and 
analysis studies show that the majority of the precipitate 
observed in the Salt Kill downstream of the Norlite scrubber 
blowdown outfall is calcium carbonate. About 80 percent of the 
precipitate is composed of calcium carbonate while the majority 
of the remaining 20 percent is attributed to silica (i.e., Si02 ) 

and water with minor amounts of calcium, magnesium, aluminum and 
iron silicates, oxides and hydrates. 

Mass balance calculations show the majority of the downstream 
sample point precipitate during the study (i.e., 841) came from 
the Salt Kill water flow itself as naturally occurring carbonate 
hardness. The remaining 161 of the precipitate at the downstream 
Salt Kill sample point originates from the scrubber blowdown 
discharge due to calcium carbonate hardness in the scrubber 
recycle water. 

Excess carbonate/bicarbonate alkalinity in the scrubber blowdown, 
during this study period, was the key factor in initiating 
calcium carbonate precipitation at the downstream sampling point. 
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This excess total alkalinity was sufficient to raise the pH of 
the Salt Kill to about 9.2 at the downstream sample point. At 
this pH value, the naturally dissolved calcium carbonat~ hardness 
in the Salt Kill becomes "mostly" insoluble and the majority 
precipitates and settles to the bottom of the creek as sediment. 

2.4 Recommendations 
Recommendations are made considering several options to reduce 
the pH and "buffering" characteristics of the total alkalinity in 
the scrubber blowdown stream. Lowering the excess concentration 
of carbonate buffer in the blowdown by reducing the scrubber 
recycle pH value from 9.2 to about 8.5 or less is an option that 
can be immediately taken to reduce the amount of precipitation 
that was observed during this study. The zero discharge option, 
if implemented, will also eliminate this source of precipitation. 
A final effluent pH adjustment system is also an option that 
could be added to ensure that precipitation of the natural 
hardness in the Salt Kill is not increased by the blowdown 
discharge. 

The most effective interim option, from an effectiveness and 
implementation standpoint, is to substitute sodium hydroxide for 
sodium carbonate as the alkali source for acid neutralization in 
the scrubber system. This would eliminate excess carbonate 
buffer in the blowdown and the need for a final effluent pH 
adjustment system (assuming the blowdown pH value is maintained 
at a maximum of 9.0). A major reduction in downstream calcium 
carbonate suspended solids (i.e., precipitate) could be obtained 
immediately even prior to implementation of the ~ero discharge 
option. 
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3. &MPLJNG PROGRAM 

3.1 Objective 

The sampling and evaluation program was proposed in a letter 
submitted by Norlite to NYSDEC dated October 15, 1992. 

Collection of representative samples during typical kiln 
operation and Salt Kill Creek flow was performed to determine the 
composition and quantity of precipitate found settling in the 
creek bed downstream of Norlite's Outfall 005 discharge. This 
outfall flow is comprised of blowdown from the wet scrubber 
process of the expanded lightweight aggregate kiln APC systems. 

Based on the typical Salt Kill Creek flow rate and scrubber 
blowdown rates, the mass of precipitated material was calculated 
from sample analysis. Recommendations are made in section 10 of 
this report, proposing alternative measures that will prevent or 
reduce the mass of precipitated material that has been 
demonstrated to be formed by admixing of APC wet scrubber 
blowdown discharge with upstream Salt Kill Creek Water. 

3.2 lstimated Representative conditions 
The sampling program was carried out during a period of estimated 
typical Kiln #1 and #2 operating conditions, Salt Kill flow and 
weather conditions. The sampling was started on November 9, 1992 
and completed on November 13, 1992. Each daily grab sample was 
combined with the others into a 5-day composite sample to 
determine average sample source composition over the 5-day 
period. 

In addition to analyzing the composite samples of scrubber 
blowdown and Salt Kill Creek upstream and downstream locations, a 
5-day composite of blowdown (at 1-part by volume) mixed with 
upstream Salt Kill water (at 7.3 parts by volume) was ·prepared 
and studied for precipitate formation. This volume ratio 
represents the average combined scrubber blowdown flows (at 60 
gpm) with Salt Kill flow (at 1 ft 3/sec). (The calculated average 
Salt Kill f·low during this study turned out to be 0.94 ft 3/sec 
based on results of the sample analysis). 

Salt Kill bottom sediment sample compositions were also compared 
with the composition of the precipitate formed by mixing of the 
blowdown water samples with the upstream Salt Kill water samples. 

Sample point locations where the grab samples were collected are 
shown in Figure 3- 1. The definition of each sample collected at 
these sampling locations is included in Table 3-1. 

3.3 Sgple Collection Procedure 

During the period of November 9, 1992 to November 13, 1992, grab 
samples of the Outfall 005 discharge; the upstream and downstream 
Salt Kill waters; and upstream and downstream Salt Kill bottom 

8 



sediments were collected daily for the period of 5 consecutive 
days. The samples were collected and combined (i.e., mixed) as 
-f-ollows: 

SAMPLE POINT A. Each day a 2-liter grab sample of 005 discharge 
was split into various portions as follows; 

Sample A,1 - A 750-ml portion of the Outfall 005 grab sample was 
composited each day into a 1-gallon 5-day composite and preserved 
only by refrigeration. A 200-ml portion of this grab sample was 
added daily to a 1-liter glass jar, preserved with HN03 , to form 
a 5-day composite. The non-acidified portions were designated 
Sample A-1 and the HN03 preserved portion were designated Sample 
A.l (HN03 preserved). 

Sample A,2 - A one-liter portion of each daily 005 grab sample 
was measured for pH and temperature and then settled in an Imhoff 
cone for 60-minutes to measure settleable solids concentrations. 
Then, 90-ml of the supernatant in the Imhoff cone was saved each 
day for preparing composite sample C and 750 mls were combined 
into a 1-gallon 5-day composite designated Sample A.2. Also, a 
50-ml portion of each daily supernatant was combined in a 250-ml 
glass jar preserved with HN03 • The non-acidified 1-gallon 
composite was designated Sample A.2 and the 250-ml acidified 
composite was designated Sample A.2 (HN03 preserved). 

SAMPLE POINT B. Each daily 2-liter grab sample of upstream Salt 
kill water was split into various portions as follows; 

Sample B,1 - A 750-ml sample of upstream water was composited 
each day into a 1-gallon 5-day composite of the daily grab 
samples and preserved by refrigeration. A 200-ml portion was 
composited in a 1-liter glass jar preserved with HN03 • These 
were designated composite Sample B.l (i.e., 1-gallon non
acidified) and B.l (HN03 preserved). 

Sample B,2 - A 1-liter portion of each daily upstream creek 
sample was measured for pH, temperature and settled in an Imhoff 
cone for 60-minutes to measure settleable solids concentration. 
A 660-ml portion of this supernatant sample was saved each day 
for preparing composite Sample C. 

Also, a 200-ml portion of each daily supernatant was combined 
into a 1-liter non-acidified _5-day composite designated as 
composite Sample B.2. Additionally, a SO-ml portion of each 
daily supernatant was combined into a 250-ml glass jar preserved 
with HN03 and designated composite Sample B.2 (HN03 preserved). 

SAMPLE POINT c. Each day, a 90-ml sample of Imhoff cone 
supernatant saved from Outfall 005 (i.e., Sample A.2) was 
combined with a 660-ml portion of supernatant saved from the 
upstream grab sample (i.e., Sample B.2) in a 1-gallon non
acidified 5-day composite designated composite Sample c. 
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SAMPLE POINT D. Each daily grab sample of downstream creek water 
was split into various portions as follows; 

Sample D,1 - A 750-ml portion of the downstream creek daily grab 
was composited daily into a 5-day 1-gallon composite and 
preserved by refrigeration. Also, a 200-ml portion of this 
sample was combined daily in a 1-liter glass jar preserved with 
HN03 • The non-acidified 1-gallon sample was designated composite 
Sample D.1 and the 1-liter acid preserved sample was designated 
composite Sample D.1 (HN03 preserved). 

Sgple D,2 - A 1-liter portion of each daily downstream creek 
sample was measured for pH, temperature and settled in an Imhoff 
cone for 60-minutes to measure settleable solids concentration. 
A 200-ml portion of this supernatant sample was combined into a 
1-liter non-acidified 5-day composite designated as Sample D-2. 
A 200-ml portion of this supernatant was also combined into a 1-
liter HN0 3 preserved sample designated D.2 (HN03 preserved) 

SAMPLE POINTE. Each day a 750-ml sample of the bottom mud and 
sediment was collected from the upstream creek bed (consisting of 
liquid and settled solids) by scooping the sediment off the 
bottom and measuring in a 1-liter graduated cylinder. Sand and 
pebbles were avoided in collecting this sediment sample. The 
daily 750-ml bottom sediment samples were combined into a 1-
gallon 5-day composite designated composite Sample E. Note: Due 
to a limited amount of non-sandy (i.e., muddy) sediment at sample 
point E, only a small fraction of Sample E was solid sediment. 

SAMPLE POINT F. Each day a 750-ml sample of bottom mud and 
sediment was collected from the downstream creek bed (consisting 
of approximately 50\ by volume liquid and 50\ by volume settled 
solids) by scooping the sediment off the bottom and measuring in 
a 1-liter graduated cylinder. Sand and pebbles were avoided with 
this sediment sample. The daily 750-ml bottom sediment samples 
were combined into a 1-gallon 5-day composite designated 
composite Sample F. 

3.4 sample Analysis Procedure 
3.4.1 - At the completion of the 5-day sampling procedure, all 
composite samples designated A.1, B.1, D.1, A.2, B.2 and D.2 
(including both the 1-gallon non-acidified samples, as well as 
the HN03 preserved portions) were sent directly to AnalytiKEM 
Inc. in Cherry Hill, New Jersey for the following analyses: 

3.4.1.1 - All the 1-gallon (non-acidified) composites were shaken 
well prior to analysis and analyzed by standard wet chemical 
analysis for the following parameters; 

o Total hardness 
o Total alkalinity 
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o Carbonate alkalinity 
o Bicarbonate alkalinity 
o Hydroxide alkalinity 
o Total sulfate 
o Total suspended solids 
o Total dissolved solids 
o pH value 

All the above parameters were determined using procedures 
described in "Standard Methods for Analysis of Water and 
Wastewater." 

3.4.1.2 - All the HN03 preserved portions of these composite 
samples were analyzed by New York State approved ICP methods for 
the following metals; 

o Total calcium 
o Total magnesium 
o Total iron 
o Total manganese 
o Total aluminum 

3.4.2 step 1, Laboratory Separations 

At the completion of the 5-day sampling period, all composite 
samples designated c., E. and F. were sent to ThermalKEM Inc. 
Wastewater Treatment Laboratory in Rock Hill, S.C. for liquid
solid separation by bench test procedures as follows; 

3.4.2.1 - Each composite sample (i.e., c., E. and F.) was well 
shaken, measured for pH, temperature and conductivity and then 
strained through a U.S. Standard 100-mesh (i.e.,- 0.15 mm open-i-ng) --
stainless steel sieve. The retained solids (if any) were 
collected, dried at 104°C, weighed and placed in separate glass 
jars (unpreserved) and 
designated Sample C.1, E.l and F.1 to correspond with the 
original composite sample. 

3.4.2.2 - The portion of each composite sample that passed 
through the 100-mesh sieve was then individually filtered through 
a pre-weighed and pre-rinsed filter pad by vacuum flask fitted 
with a buchner funnel. The vacuum was applied until the free 
liquid stopped flowing from the solids residue cake on the filter 
pad. Each filter cake was then dried at 104°C and weighed with 
the filter pad and the filter pad weight subtracted from the 
total. The filter pads were removed and each solids residue was 
placed in a separate glass jar designated Sample C.2, E.2 and 
F.2. 
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3.4.3 step 2, Smpple Residue Analysis 

-Sol id residues including Samples F .1, C. 2, E. 2 and F. 2 ,· were 
analyzed by x-ray diffraction methods for compounds containing 
the following elements: 

o calcium 
o Iron 
o manganese 
o aluminum 
o carbon 
o oxygen 
o silicon 
o sulfur 

Samples C.l and E.1 were not of significant quantity to measure 
or analyze. 
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4. LABORATORY LIOQID-SOLIDS SEPARATIONS AND JAB TESTS 

·4.1 Laboratory Bench Neasurements 
One gallon samples (sent in a refrigerated cooler) were received 
at the ThermalKEM, Rock Hill, SC wastewater treatment laboratory 
on November 17, 1992 for liquid-solids separations and jar tests . 

The following bench measurements were made upon receipt of the 
samples: 

sample Temperature CT> Pi Value conductivity ( ■icro stem 
750 B-1 51 

C 51 
E 51 
F 52 

4.2 Liquid-Solids separations 

4.2.1 coarse solids Fraction 

8.46 
8.82 2,870 
8.30 675 
8.88 3,590 

The one-gallon samples of c, E and F were strained through a 
stainless steel U.S. Standard 100 mesh sieve (i.e., 0.15 mm 
opening) and solids retained on the sieve were dr i ed at 104°C and 
weighed to give the following results: 

Sample 

C.1 
E.1 
F.1 

Settled Solids Vol (ml/L} 
0.35 

<0 . 1 
950 

• Filtrate volume 

4.2.2 Fine solids Praction 

supernatant Yol tLl 

3.65 
3.60 
3.20• 

Dry Solids 
(grams) 

none 
0.007 

345.426 

The supension passing through the 100-mesh sieve was then 
filtered through a Whatman GF/A (0.0016 mm pore diameter) filter 
pad to capture and retain the fine solids fraction. The retained 
solids on the filter pad were dried at 104°C and weighed to give 
the following results: 

Sample 

C.2 
E.2 
F.2 

Settled Solids Vol (ml/L} 

NA 
NA 
NA 

15 

Supernatant Yol (Ll 

3.65 
3.60 
3.20 

Dry Solids 
(grams) 

0.368 
0.106 

196.625 



These results indicate that the total suspended solids resulting 
from admixing 1-part of scrubber blowdown with 7.3 parts of Salt 
lCill water (i.e., Sample C) are equal to 101 mg/L ( i.-e. ,- 368 
mg/3.65 liters). 

One duplicate of Sample B.1 was initially sent to Rock Hill with 
samples C.2, E.2 and F.2 for jar tests to study the precipitation 
potential of the upstream Salt Kill water itself. However, it 
was reported that the other duplicate B.1 sample was not received 
at AnalytiKEM in Cherry Hill, New Jersey for general chemical and 
metals analysis. Therefore, a 500-ml portion of B.1 was used 
with 3600-ml of Sample E filtrate to represent the upstream Salt 
Kill water in these jar tests. The remainder of Sample B.1 
(about 3-liters) was sent to AnalytiKEM, Cherry Hill, New Jersey 
for general chemical and metals analyses. 

4.3 Upstream Salt Kill Water Jar Tests 

Jar tests were performed at varied temperatures, soda ash dosages 
and pH values to evaluate the potential for calcium carbonate to 
precipitate from the upstream Salt Kill water. The results of 
three jar tests are summarized in Table 4-1. 

The results of Jar Test #1 show that, at room temperature (71°F) 
and variable increasing soda ash dosages at pH value above 10.0, 
an almost constant concentration of calcium hardness will 
precipitate from the Salt Kill water. This concentration is 
determined at 134 to 139 mg/L (as CaC03 ) . 

The results of Jar Test #2 show that at elevated temperature 
(comparable to the scrubber blowdown temperature at 110°F) the 
constant minimum dosage of soda ash (i.e., 588 mg/L Na2C03 ) will 
generate increasing concentrations of calcium carbonate 
precipitate in the Salt Kill proportional to increase in pH value 
between 8.1 and 9.9. This variable range in pH value is the 
result of adjusting the equilibrium pH to lower values ·with 
hydrochloric acid solution. 

The results of Jar Test 13 show that at elevated temperature and 
increasing pH value (i.e., from pH 8.2 to 10.1) increasing 
concentrations of calcium carbonate precipitated from the Salt 
Kill. All but about 5 mg/L of the calcium hardness can be 
precipitated from the Salt Kill as the result of only pH and 
temperature increases. No soda ash addition is required to 
precipitate the calcium hardness in the Salt Kill. Also, a 
modest increase in pH from 8.2 to 8.6 (without carbonate 
addition) results in 101 mg/L of CaC03 precipitated. However, 
raising the temperature alone, without adding soda ash or 
increasing the pH, results in only a slight amount of calcium 
carbonate precipitation. 
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The results of these three jar tests demonstrate that a filtered 
Salt Kill sample is naturally saturated with calcium carbonate 
liardness and that the total suspended solids precipitated by 
either soda ash addition, temperature increase and/or pH increase 
(i.e., by sodium hydroxide addition) is virtually 100 percent 
calcium carbonate precipitate. 

4.4 Laboratory comparison of NaQB vs, Naz(:03 for Acid 
Neutralization in wet scrubber 

Bench neutralization titrations were performed on a laboratory 
prepared sample of 1.1 weight percent hydrochloric acid (HCl) 
solution. The 1.1, HCl solution is calculated to be at least as 
great as the maximum instantaneous acid concentration absorbed in 
the wet scrubber solution under average operating conditions. 
The results of the laboratory titrations comparing sodium 
hydroxide neutralization efficiency with soda ash neutralization 
efficiency are shown in Figure 4-1. 

These results show clearly that in order to neutralize the HCl 
solution to a scrubber operating pH value of 9.0, about 12,000 
mg/L of Na0H or about 19,200 mg/L of Na2C03 are required. It is 
also shown that, on a dry weight basis, 60 percent more Na2C03 is 
required than Na0H to perform the same degree of acid 
neutralization to pH 7.0. 

The results also demonstrate that, where as no carbonate or 
bicarbonate alkalinity is added to the neutralized solution when 
using Na0H, use of Na2C03 requires that an excess of about 2000 
mg/L Na2C03 are needed to raise the pH from 4.3 to 9.0. Below pH 
4.3, essentially no bicarbonate or carbonate alkalinity is 
present as all the remaining carbonate added exists as carbonic 
acid. Therefore, about 17,200 mg/L of Na2C03 were used in 
neutralizing the HCl and the additional 2000 mg/L Na2C03 (i.e., 
1880 mg/Las CaC03 ) are required to raise the pH from 4.3 to 9.0 
in the neutralized acid solution. Since about 99\ of all the 
acid was neutralized as the pH was raised to 4.3, the excess 
residual of 1880 mg/L carbonate alkalinity (as CaC03 ) is the 
minimum required excess existing in the scrubber blowdown at pH 
9.0 when using soda ash. Even at acid concentrations of only 1\ 
of the demonstrated 1.1, HCl case (i.e., 0.011\ HCl) the required 
excess of Na2C03 is still about 2000 mg/L Na2C03 to maintain the 
equilibrium pH at 9.0. 
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STUDY OF PRECIPITAT£ msERVED IN DIE 
SALT KILL CREEK AT NORLITE CORP. COHOES, NY 

TABLE 4-1 

JAR TEST RESULTS 

Upstreu Salt Kill Suple Pre-Filtered - C.lc11111 Hardness • 175 PP11 C.C03 

TREATMENT 
DOSAGE -RH-

RESULTS 
JSS <PD11l* ca pptd u caco 'PDlll** 

(Pref i lt.Ca-fbstf i tth:flptd. Ca) 

Jar Test lll - 71° Reaction Temp. w/Variable Soda Ash Dosage 
- Reagent Dilution Factor• 0.88 x 175 ppm CaC03 • 154 ppm CaC03 

588 ppm Na2CO:,*** 
2350 ppm Na2C03 5880 ppm Na2C03 

10.21 
10.76 
10.96 

127 
152 
159 

154 - 20 = 134 
154 - 15 • 139 
154 - 16 • 138 

Jar Test #2 - 110°F Reaction Temp. w/Constant Soda Ash & Variable pH 
- Reagent Dilution Factor• 0.88 x 175 ppm CaC03 • 154 ppm CaC03 

588 ppm Na2C03 +HCl 8.14 107 154 - 52 = 102 
588 ppm Na2C03 +HCl 8.96 148 154 - 15 = 139 
588 ppm Na2C03 +HCl 9.88 157 154 - 5 = 149 

Jar Test 113 - 110°F Reaction Temp. w/Variable pH Only 

0. 1 ppm NaOH 8.61 100 175 - 74 = 101 
5 ppm NaOH 10.13 170 175 - 5 = 170 
0 8.15 5 175 -170 = 5 

NQJ[S: 

* Total Suspended Solids by gravimetric determination, 
accuracy=! 3 ppm 

..,. Calcium determination by ICP spectrophotometry, 
accuracy=! 4. 5% 

......,. Typical soda ash purity • 99. 2% Na2C03 
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5. AQQEQQS STREAM SAMPLE ANALYSIS 

-s .1 Field Neasurement Data 

On a daily basis, during the sampling period, measurements of pH, 
temperature and settleable .solids were made for each aqueous grab 
sample. Table 5-1 shows the results recorded for these sample 
measurements. For the purpose of using this grab sample data to 
represent average study period conditions in conjunction with the 
s-day composite samples, the data values are averaged to obtain a 
5-day average of the field data. Therefore, the 5-day averaged 
field data is used with the 5-day composite sample analysis to 
define average sample point conditions for calculating 
precipitation material balances in Section 7 of this report. 

The results of these measurements for settleable solids indicate 
that the average value was 3.1 ml/L for this study period. This 
increase from the average value of 1.3 ml/L, measured during the 
3-month period of July to September 1992, is attributed to an 
increase in the rate of dry lime feed, i.e., Ca(0H) 2 , to the 
baghouses instituted during October 1992. The increase in lime 
feed was made to improve the removal of HCl and S02 in the 
baghouses and therefore reduce the amount of soda ash feed 
required for the wet scrubber operation. 

However, the increased rate of lime feed allows more lime fines 
to pass into the wet scrubber solution, therefore contributing 
calcium which precipitates (eventually) with the carbonate 
alkalinity of the scrubber solution to form calcium carbonate 
precipitate in the scrubber blowdown. 

s.2 Analytical Laboratory Results for Composite samples 

The daily grab samples from each sample point were composited 
each day to generate a 5-day composite of each sample ·source. 
The analytical results for the aqueous samples from points A, B 
and Dare shown in Table 5-2. The raw sample fractions are 
labelled A.1, B.l and D.l, respectively. The corresponding 
supernatan~ liquids, after sedimentation in the w1mhoff" settling 
cone, are designated Samples A.2, B.2 and D.2. 

The analysis of scrubber blowdown Samples A.land A.2 actually 
represent final chemical equilibrium conditions rather than 
conditions at time of blowdown discharge. Since the unpreserved 
composite samples had opportunity to continue reactions during 
the 5-day sample collection, in addition to several days elapsed 
time from sample shipment to laboratory analysis, the average 
concentration of total suspended solids at the time of sample 
collection is estimated to be about 2 times lower than the 
indicated value of 630 mg/L TSS. That is, considering the 
differences in total concentrations of preserved metals (such as 
Ca, Al and Fe) observed in Sample A-1 vs. A-2, only about one 
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half of the metal cations were in precipitated form at the time 
the grab samples were collected and settled in the Imhoff cone. 

- ':r- • -

The presence of 630 mg/L TSS in the raw composite blowdown sample 
(A.1) is primarily the result of calcium contributed to the wet 
scrubber solution by passage of small amounts of lime through the 
baghouses. Because the lime is in dry particulate form as it 
contacts the hot wet scrubber solution it does not completely 
dissolve quickly and some remains suspended as a fine dispersion 
in the blowdown. Due to the alkaline pH of the scrubber solution 
(i.e., pH 9.4) the residual lime dissolves very slowly even 
though the dissolved fraction of calcium ions immediately form 
calcium carbonate precipitate. Therefore, at the time of grab 
sample collection and settleable solids testing, a minimum of 1-
hour had elapsed before the supernatant sample was collected and 
preserved for metals analysis. Since 44 mg/L of calcium remained 
in the supernatant sample following this test, it is evident that 
portion of the total calcium concentration was not yet 
precipitated as CaC03 but remained as dispersed Ca(OH) 2 • With 
compositing, plus shipping time, this lime eventually dissolved 
and was then precipitated as calcium carbonate. 

Calculations show that the 90 mg/L of total calcium in the 
scrubber blowdown can be eventually precipitated as 457 mg/L of a 
hydrated form of calcium carbonate (i.e., CaC03 .6H20). (See Ref 
#3, pg B-79). Instead of forming the anhydrous crystalline 
calcite or aragonite (i.e., CaC03 ) as is typically formed in 
natural waters that are saturated with approximately equivalent 
concentrations of calcium hardness and carbonate alkalinity, the 
scrubber solution is saturated with a 15-fold excess of carbonate 
alkalinity (above the calcium hardness requirement). This causes 
a high percentage of the water associated with the calcium ions 
to be included in the crystals of calcium carbonate that are 
rapidly precipitated. This form of calcium carbonate is not the 
typical hard scale or dense particle, but a light voluminous 
precipitate. In addition to the six molecules of water 
precipitated with each molecule of calcium carbonate formed, 
significant percentages of dissolved salts (including NaCl, 
Na2C03 and Na2S04 ) are also incorporated in the hydrated calcium 
carbonate precipitate. 

The precipitation of calcium therefore, accounts for the majority 
of TSS in the blowdown sample. The following composition has 
been calculated for the 630 mg/L of TSS resulting in the scrubber 
blowdown: 
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compound Precipitated 

CaC03 .6H20 
Fe(OHh 
Al(OHb 
Mg(OH)i 
Misc. inclusions; 

o Si02 
o H20 
o NaCl 
o Na2C03 .10H20 
o Na2S04 .10H20 

Percent of Tss 
72.5 
4.3 
3.0 
1.0 

19.2 

The analysis of the scrubber solution supernatant (i.e., A-2) 
also indicates that the TSS is comprised mostly of hydrated 
calcium carbonate with high percentages of entrained water and 
salts in the precipitate. The increase in dissolved solids in 
the supernatant has to be attributed to the absorbtion of CO2 
from the atmosphere as the scrubber water stands in the settling 
cone during the settleable solids test. As the liquid cools, CO2 
is absorbed from the air forming an increase in the bicarbonate 
concentration by 850 mg/L (as CaC03 ). 

The following equation describes the ambient reaction taking 
place: 

Na2C03 + 
Sodium 
carbonate 

CO2 + 
atmospheric 
carbon dioxide 

cooling 
------> 2 NaHC03 

sodium 
bicarbonate 

Absorbtion of atmospheric CO2 plus a considerable degree of 
evaporation of hot water from the settling cone surface accounts 
for the increase in dissolved solids concentrations in the 
blowdown supernatant sample vs. the raw blowdown sample. 

The individual analysis of total calcium and total magnesium (by 
ICP) in Table 5-2 should be considered more accurate than the 
total hardness concentrations reported since the total hardness 
is a titration to a change in color endpoint which is subject to 
the optical interferences of the TSS in the sample. However, in 
all three sample sources (A, Band D) there is reasonable 
agreement between the total hardness by titration and the 
combined calcium and magnesium concentrations (analyzed by ICP in 
the acid preserved samples) after converting to CaC03 equivalent 
concentrations. 

The analysis of Sample B.l shows that the upstream Salt Kill is 
near saturation with carbonate hardness in solution. The calcium 
hardness is 77 mg/L (as Ca) x 2.5 • 193 mg/L (as CaC03 ). 

Therefore, 89\ of the hardness present in the upstream Salt Kill 
is carbonate hardness. 
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STUDY OF PRECIPITATE OBSERVED IN THE SALT KILL CREEK 
AT NORLITE CORPORATION, COHOES. NEW YORK 

TABLE 5-1 
FIELD MEASUREMENT DATA FOR DAILY GRAB SAMPLES COLLECTED FOR 5-DAY COMPOSITE ANALYSIS 

PARAMETER SAMPLE POINT A SAMPLE POINT B SAMPLE POINT D 
DATE MEASURED OUTFALL 005 DISCHARGE UPSTREAM SALT KILL DOWNSTREAM SALT KILL 

Nov. 9, Time Hrs 1435 1437 1439 
1992 pH 9.09 8.37 9.32 

Temp OF 102 43 52 
Set.Solids ml/1 0.3 <0.1 <0.1 

Nov. 10, Time Hrs 1510 1512 1515 
1992 pH 9.44 8.43 9.22 

Temp OF 102 66 55 
Set.Solids ml/1 4.0 <0.1 0.2 

Nov. 11, Time Hrs 1545 1547 1549 
1992 pH 8.89 8.44 9.09 

Temp OF 99 52 52 
Set.Solids ml/1 5.0 <0.1 <0.1 

Nov. 12, Time Hrs 1545 1547 1555 
1992 pH 9.26 8.43 9.39 

Temp OF 99 55 54 
Set.Solids ml/1 3.0 <0.1 <0.1 

Nov. 13, Time Hrs 1100 1102 1106 
1992 pH 9.34 8.42 9.28 

Temp °F 100 55 54 
Set.Solids ml/1 3.0 <0.1 <0.1 

5-0ay Time Hrs 1427 1429 1433 
Average pH 9.20 8.42 9.26 

Temp OF 100 54 53 
Set.Solids ml/1 I 3 1 ; . <0.1 <0.12 
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STIJDY OF PRECIPITATE msERVED IN 1ltE SALT KILL CREEK 
AT IQU.ITE CQU><JWION, COHOES, NEW YORK 

TABLE 5-2 
ANAL.mCAl. LABORATORY RESULTS FOR 5-DAY aJl>OSITE AQtJEOOS SMPLES 

A-1 B-1 0-1 

pH 9.4 8.5 8.8 

TSS mg/1 630 19 77 

TOS mg/1 12000 470 2500 

T-Hardness ma/1 as caco .. 200 240 190 

SO" 3300 71 740 

HCO, mg/1 as CaCO, 3300 170 1100 

CO, mg/1 as CaCO, 410 2 25 

OH mg/1 as CaCO, <l <l <l 

Al mg/1 6.6 0.72 1.1 

Ca mQ/1 90 77 47 

Fe ma/1 14 1.3 1.6 

Mg mg/1 10 20 15 

Mn mg/1 0.37 0.044 0.061 

A-2 B-2 0-2 

pH 9.4 7.7 8.5 

TSS ma/1 730 <10 <10 

TOS mo/1 17,000 450 2500 

T-Hardness ma/1 as CaCO .. 160 250 180 

SO" 4700 63 700 

HCO, mg/1 as CaCO, 4000 170 480 

CO, mg/1 as CaCO, 560 1.2 13 

OH mg/1 as CaCO, <l <l <l 

Al mg/1 2.6 0.73 0.88 

Ca mg/1 44 67 40 

Fe mg/1 4.8 1.1 1.5 

Mg ma/1 6.6 16 14 

Mn mg/1 0.11 0.046 0.052 
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In the downstream Salt Kill (i.e., Sample D.1) 100\ of the 
calcium hardness is present as carbonate hardness. That is, the 
~otal carbonate alkalinity is in excess of the total .calcium 
hardness (i.e., 118 mg/Las CaC03 ). This is attributed to the 
excess carbonate contributed by the discharge of blowdown which 
precipitates and settles about 30 ppm of calcium hardness (as 
CaC03 ) by the time the Salt Kill flow reaches downstream sample 
point D. 

The analytical laboratory report shows the results of Samples D.1 
and D.2 in reverse order from those shown in Table 5-2. This is 
concluded to be a sampl~ switch or identification error since it 
is impossible for the total suspended solids in the raw sample to 
be less than its supernatant after settling, while at the same 
time the total alkalinity and total hardness also increase in the 
supernatant fraction after settling. Due to the temperature of 
the downstream sample (i.e., 53°F) evaporation would not be a 
significant factor in this case as is indicated by the constant 
total dissolved solids in the raw and supernatant fractions of 
the downstream sample. 

However, besides the moderate differences in TSS and bicarbonate 
(HC03-) alkalinity, there is no significant difference between 
the raw and supernatant fractions of the downstream Salt Kill 
(i.e., Samples D.l and D.2). These modest differences, no matter 
if the results are reversed or not, do not affect the conclusions 
of this study in any way. 
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6. PRECIPITATE AND BQ'l'TQN SEDIMENT ANALYSIS 

General inorganic and metals analysis of total constituents in 
the aqueous stream samples are used to calculate the composition 
of the precipitates that will form using known solubility values 
at the measured temperature, pH and concentration conditions. 
Analysis of the dried solid residues of precipitation and the 
bottom sediments is an alternative means of determining the 
composition of the precipitate. Typically, x-ray diffraction 
(and similar methods) are useful for determining approximate 
percentages of various suspected compounds in the solid samples. 

6.1 source and Description of solid Residues Analyzed 

Sample C was generated and composited daily by combining of 
supernatants of grab samples collected from the blowdown source 
(Sample Point A) and upstream Salt Kill source (Sample Point B). 
These supernatant samples were blended together at the volume 
ratio of the average Salt Kill flow to the average blowdown flow 
(i.e., 7.3 to 1). Since only the supernatants (i.e., liquid 
after settleable solids are removed) of these samples were 
blended, it demonstrates that the resulting TSS in the blend is 
the result of a precipitation reaction between the blowdown and 
Salt Kill sources and not due to pre-existing settleable solids 
from either source. 

Since the liquid-solids separations test of Sample C (i.e., 
Section 4) showed that the TSS of this blend was 101 mg/L, it 
demonstrates that dissolved constituents from the Salt Kill are 
reacting -with the blowdown to form a precipitate (i.e., 101 mg/L 
as TSS) in the combined streams. It is also important to note 
that 101 mg/Lis precisely the concentration of calcium carbonate-
precipitated from the "filtered" upstream Salt Kill sample after 
raising the pH and temperature of the sample without addition of 
any carbonate alkalinity or calcium hardness. These results are 
shown for Jar Test #3 in Table 4-1 of Section 4. · 

After filtering and drying the resulting fine precipitate from 
Sample c, the solid residue, designated Sample C.2, was submitted 
for identification and quantification of specific chemical 
compounds by X-ray diffraction techniques. 

The bottom sediment samples from Sample Points E and F were 
separated from the liquid by U.S. Standard 100-mesh sieve and, 
then, laboratory vacuum filtration to separately collect the 
coarse and fine sediment fractions for X-ray diffraction 
analysis. Sample E, from the upstream Salt Kill Creek bed, 
contained no observable solids larger than 0.15 mm diameter. 
Therefore, only a fine fraction, designated Sample E.2, was 
submitted for X-ray diffraction analysis. 
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Unlike the upstream bottom sediment Sample E, the downstream 
bottom sediment Sample F contained a high percentage of solids 
larger than 0.15 mm diameter. Therefore, a coarse fr~ction 
designated Sample F.l was collected from the 100-mesh sieve and 
dried at 104°C for X-ray diffraction analysis. The fine fraction 
was filtered on Whatman GF filter pad (0.0016 mm pore), dried at 
104°C and designated Sample F.2 for X-ray diffraction analysis. 

6.2 Results of I-Ray Diffraction Analysis 
Samples C.2, E.2 , F.l and 
Environmental Services in 
analysis to target eleven 
follows: 

F.2 were submitted to Adirondack 
Albany, New York for X-ray diffraction 
possible inorganic compounds as 

calcium carbonate 
magnesium oxide 
manganese dioxide 
aluminum oxide 
ferric oxide 
calcium sulfite 
calcium sulfate 
magnesium silicate 
manganese silicate 
iron orthosilicate 
aluminum silicate 

CaC03 
MgO 
Mn02 
Al203 
Fe203 
CaS03 .1/2 H20 
caso •• 2H2 0 
MgSi03 
MnS i 03 
Fe2Si0• 
Al203 .Si02 

Because of the limited quantities of most of the solid residue 
samples recovered, the composition could only be quantified for 
the major constituents, calcium carbonate and silicon dioxide. 
The following percentages of calcium carbonate and silicon 
dioxide were determined to be present in each of these samples by 
the Adirondack Environmental Laboratory: 

Ss1mple Description fercent b! Kt1 
~3 &iJ6 

C.2 Solids precipitated by 78.73 12.29 
blending A.2 and B.2 

E.2 Solids sediment collected 7.83 58.32 
from upstream creek bed 

F.l Coarse solid sedime.nt collected 52.14 26.25 
from downstream creek bed 

F . 2 Fine solid sediment collected 31.82 43.12 
from downstream creek bed 

The high percentage of calcium carbonate (i.e., almost 80\) found 
in the precipitated solids (i.e., Sample C.2), resulting from 
blending of scrubber blowdown supernatant with upstream Salt Kill 
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supernatant, confirms the conclusion made from the aqueous sample 
analysis that the majority of precipitate observed in the Salt 
·Kill downstream of Outfall 005 is calcium carbonate. -. 

The lower percentage ~f calcium carbonate in the sediment of the 
upstream creek bed (i.e., 7.83\) indicates that there is not a 
high percentage of calcium hardness in the upstream creek water 
in a precipitated form. The remaining composition of the 
sediment in the upstream creek bed is assumed to be natural clay, 
mud and organic matter. 

The increased concentrations of calcium carbonate analyzed in 
both the coarse and fine fractions of the downstream creek bed 
(i.e., F.1 and F.2) indicate that the rate of calcium carbonate 
precipitation and sedimentation is increased at the downstream 
Sample Point Fas compared to the upstream Sample Point E. 

28 



7. PRECIPITATE PQRIIATIOH AND IIATERIAL BALANCE CALCULATIONS 

1 . 1 Average slowdown, Salt Kill and Combined stream Conditions 
During Sampling Period 

1.1.1 stream Plow Rates 

1.1.1.1 scrubber Blowdown Rate 

The average combined blowdown rate for Kilns #1 and #2 APC system 
scrubbers s 60 gpm 

60 gal 
min 

X 3,785 Liters 
gal 

= 227 L/min 

1.1.1.2 Calculation of Salt Kill and Combined Blowdown - Salt 
Kill stream (i.e., Downstream) Plow Rate 

The flow rates of the combined Salt Kill and blowdown flows, as 
well as the estimated Salt Kill flow itself, during the sampling 
period of this study can be calculated from the analyzed total 
dissolved solids concentrations in each stream as follows: 

Sample A-2 - Blowdown total dissolved solids= ½ID= 17,000 mg/L 
- Blowdown total flow rate= VBD = 227 L/min 

Sample B-2 - Upstream Salt Kill total dissolved solids =C=450 mg/L 
- Upstream Salt Kill flow rate= Vus 

Sample D-2 - Downstream total dissolved solids= Cos= 2500 mg 
- Downstream flow rate= Vos= 227 L/min + Vus 

(VBD) (Coo)+(Vus) (Cus) = (Vos) (Cos) 
(227 L/min}(l7,000 mg/L)+(Vus}(450 mg/L)=(Vus+227 L/min>'{2500 mg/L) 

3,859,000 mg/min+ 450 Vus mg/min= 2500 Vus mg/min+567,500 mg/min 
2050 Vus = 3,291,500 

Vus = 1606 L/min = 424 gpm 

V05 = Vus+227 L/min = 1606+227 = 1833 L/min = 484 gpm 

Therefore, -stream volume ratio= Salt Kill : Blowdown = 7.1:1 
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1.2 calculation of ca1ciW11 carbonate saturation Indices for 
Upstream Salt 1111 and Downstream salt Sill Sample Points 

The precipitation of calcium carbonate from water is dependent 
upon the concentrations of calcium hardness and carbonate 
alkalinity (i.e., carbonate/bicarbonate concentrations) as well 
as certain other existing conditions of the water source in 
question, including; 

A. The total solids (primarily TDS) concentration 
B. Temperature of the water, at equilibrium conditions 
c. Calcium concentration 
D. Methyl Orange (i . e., Total) Alkalinity concentration 
E. Solution pH, at equilibrium conditions 

References fl (pg 223), 14 (pg 150) and 15 (pg 111) describe 
formula tables and equations that are used to calculate the pH at 
which a water in question will be saturated with calcium 
carbonate based on the other existing conditions listed above. 
This relationship (known as the Langelier Index for calcium 
carbonate saturati on) is often used by chemists and engineers to 
determine if calcium carbonate scaling or precipitation will take 
place in piping systems, cooling towers and other equipment based 
on a given or predicted water quality. 

The Langelier calcium carbonate saturation pH (or pHs) is 
determined by the following equation: 

pHs = (9.3+A+B) - (C+D) where; 
A= total solids concentration in ppm or mg/L 
B = water temperature in °F 
C = calcium concentration in ppm or mg/Las CaC03 
D = methyl orange (total) alkalinity in ppm or mg/Las CaC03 

The precipitation (or saturation) index is calculated by: 

Saturation Index= pH - pHs where; 
pH = the measured or predicted pH of the water in question 
pHs = the saturation pH as calculated above and, as a 

result; 

o if pH - pHs = o, the water is considered to be in a 
stable (no potential to scale, precipitate or corrode) 
condition 

o If pH - pHs = greater than o, the water has a potential 
to induce precipitation of calcium carbonate which 
increases relative to the magnitude of the positive 
pH - pHs value. 
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o If pH - pHs is less than o, there is an increasing 
potential for the water to be corrosive which_ increases 
relative to the magnitude of the negative pH - pHs value . 

1.2.1 calcium carbonate Precipitation Potential in lxisting 
Upstream Salt Jill water 

Existing water Conditions 
For1111la Value from 

Langelier Index Tables 

A= Total solids concentration= 470 mg/L = 0.2 
B = Temperature during sampling= 54°F = 2.3 
C = Calcium hardness (as CaC03 ) = 193 mg/L = 1.9 
D = Total alkalinity (as CaC03 ) = 172 mg/L = 2.2 
and, average measured pH during sampling= 8.4 

pHs = (9.3+A+B) - (C+D) 
pHs = 9.3+0.2+2.3 - 1.9-2.2 
pHs = 7.7 = pH at which CaC03 is at the saturation 

concentration in upstream Salt Kill and so, 

Saturation Index= pH - pHs = 8.4-7.7 = +0.7 

Therefore, the existing upstream Salt Kill flow has a positive 
potential (saturation index= +0.7) to precipitate CaC03 
naturally without any influence from Norlite's outfall 
discharges. This fact is clearly demonstrated by the 
experimental results in Table 4-1 showing that 5 ppm as CaC03 are 
precipitated from a presettled sample (from upstream Salt Kill 
sample point B) just by increasing the temperature from 71°F to 
110°F. Also, the analytical results shown in Tables 5-1 and 5-2 
indicate that by raising the upstream Salt Kill sample 
temperature from 54°F to about 70°F and setting for 1-hour, 25 
ppm of CaC03 are precipitated from the raw water sample. Raising 
the temperature of the water has the effect of approxi~ately 
doubling the reaction rate for every 10°F rise in temperature 
(Ref #1, pg 442). The total of 30 ppm CaC03 precipitated 
represents the potential amount of hardness deposited as sediment 
between sample point Band the Salt Kill's confluence with the 
Hudson River without any influence from Norlite's outfalls or 
other downstream point source discharges. This amount of 
hardness deposition is also increased by introduction of even a 
slight amount of additional alkalinity due to stormwater runoff 
and other natural sources. 
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1.2.2 calcium carbonate Precipitation Potential in Existing 
Downstream Salt Jill water 

Existing water conditions 
Formula Value from 

Langelier Index Tables 
A• Total solids concentration= 2500 mg/L • 
B = Temperature during sampling= 53°F = 
C = Calcium hardness (as CaC03 ) = 221 mg/L = 
D = Total alkalinity (as CaC03 ) = 1125 mg/L = 
and, average measured pH during sampling= 9.26 

pHs • (9.3+A+B) - (C+D) 
pHs • 9.3+0.2+2.3 - 1.9-3.1 

0.2 
2.3 
1.9 
3.1 (est) 

pHs = 6.8 = pH at which CaC03 is at the saturation 
concentration at downstream Salt Kill Sample Point D 

Saturation Index= pH - pHs = 9.26-6.8 = +2.46 

Therefore, the existing downstream Salt Kill flow has a positive 
potential to precipitate CaC0 3 that is 3.5 times the upstream 
saturation index. 

7.3 calculation of Theoretical and Experimental calcium/ 
carbonate Nass Quantities Precipitated Downstream -of Norlite 
outta11 oos 

7.3.1 calculation of calcium Hardness at the saturation 
concentration at Downstream Salt Kill sample Point D 

Existing Water Conditions 
Formula Value from 

Langelier Index Tables 
A= Total solids concentration= 2500 mg/L = 
B = Temperature during sampling= 53°F = 
C = Calcium hardness (as CaC03 ) at saturation= 
D = Total alkalinity (as CaC03 ) = 1125 mg/L = 

pHs = (9.3+A+B) - (C+D) 
7.1 = 9;3+0.2+2.3 - C-3.1 
7.1 = 8.7-C 
C = 8.7-7.1 = 1.6 

0.2 
2.3 
c ·. 

3.1 (est) 

Therefore, from Table C in Ref #5 (pg 111) Ca hardness at 
saturation at downstream sample point= 99 ppm as CaC03 
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7.3.2 calculation of Theoretical Excess calcium Hardness Above 
saturation from Upstream Salt 1111 at the Downstream 
Spple Point D 

Cos - Cos(sat.) = Cus(XS) where; 

Cos 
Cos(sat.) 

Cus(XS) 

= calcium hardness as CaC03 in upstream Salt Kill 
= calcium hardness at saturation in downstream Salt 

Kill 
= calcium hardness concentration of upstream Salt Kill 

in excess of downstream saturation concentration 

193 mg/L Ca(as CaC03 )-99 mg/L Ca(as CaC03 )=94 mg/L excess CaC03 

7.3.3 calculation of Excess calcium Hardness Above saturation 
from scrubber Slowdown at Downtown SAJQple Point D 

Ceo - Cos(sat.) = Ceo(XS) where; 

Ceo = calcium hardness as CaC03 in blowdown stream 
Cos(sat.) = calcium hardness at saturation in downstream Salt 

Ceo(XS) 
Kill 

= calcium hardness concentration of blowdown stream 
in excess of downstream saturation concentration 

225 mg/L Ca(as CaC03 )-99 mg/L Ca(as CaC03 )=126 mg/L excess CaC03 

7.3.4 Relative Theoretical Quantities of Calcium carbonate 
Precipitated from Opper Salt Kill and Slowdown streams 

Although the concentration of calcium carbonate precipitate 
originating in the blowdown is somewhat higher than the 
concentration originating in the upstream Salt Kill, the flow of 
the Salt Kill is 7.1 times greater than the blowdown flow rate. 
This means that the theoretical quantity of calcium carbonate 
precipitated in the Salt Kill originating in the scrubber 
blowdown is only 16 percent of the total calcium carbonate 
precipitated in the downstream Salt Kill. The remaining 84 
percent CaC03 precipitated originates from the upstream Salt Kill 
itself. 

7.3.5 calculation of Experimental CaCQ3 Concentration 
Precipitated from Opper Salt Kill After Nixing with 
the scrubber Blowdown Flow 

Table 5-1 shows, from the analysis of the upstream Salt Kill raw 
sample (i.e., Sample B-1), that calcium hardness= 77 mg/L (as 
Ca). It is also shown that the residual calcium hardness (at 
equilibrium) remaining in solution after discharge of the 
scrubber blowdown stream (i.e., Sample D-2) = 40 mg/L (as Ca). 
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Therefore, the concentration of calcium hardness (as CaC03 ) 

actually precipitated from the upper Salt Kill can be calculated 
as follows: 

Cus - Cc:s = Cppy where; 

C«Js • Upstream Salt Kill Ca hardness•77 mg/L x 2.5 • 192.5 ■g/L (as CaC03) 
Cos• Downstream Salt Kill Ca hardness•40 mg/L x 2.5 • 100 ■g/L (as CaC03) 
CppT • Calcium hardness precipitated from upstream Salt Kill (as ■g/L CaC03) 
therefore; 

192.5 ■g/L CaC03 - 100 mg/L CaC03 • 92.5 mg/L CaC03 precipitated 

Note; The 92.5 mg/L CaC03 actually precipitated from upstream 
Salt Kill as demonstrated by these sample analyses is in very 
close agreement with the theoretical excess of calcium hardness 
calculated in 7.3.2. That is, 

92,5 mg/L CaC03 = 0. 984 or at 98.4\ agreement 
94 mg/L CaC03 

7.3.6 Calculation of Experimental CaC01 concentration 
Precipitated from scrubber Slowdown After Nizing 
with the Upstream Salt Kill Plow 

Table 5-1 shows that, from the analysis of the scrubber blowdown 
(i.e., Sample A-1), the calcium hardness= 90 mg/L (as Ca). 
Again, considering that the residual calcium hardness (at 
equilibrium) remaining in solution after mixing with the upstream 
Salt Kill (i.e., Sample D-2) = 40 mg/L (as Ca), the concentration 
of calcium hardness (as CaC03 ) actually precipitated from the 
scrubber blowdown can be calculated as follows: 

Ceo - Cos= Cppy where; 

Cao• Blowdown calcium hardness• 90 mg/L x 2 . 5 • 225 ■g/L (as CaC03) 
Cos• Downstream Salt Kill calcium hardness• 40 mg/L x 2.5 • 100 mg/L (as CaC03) 
Cppr • Calcium hardness precipitated from blowdown (as mg/L CaC03) 
therefore; 

225 mg/L CaC03 - 100 mg/L CaC03 = 125 mg/L CaC03 precipitated 

Again, there is very close agreement between the demonstrated 
experimental concentration of calcium hardness precipitated from 
the scrubber blowdown and the theoretical excess calcium hardness 
concentration calculated for the scrubber blowdown. That is; 

125 mg/L CaC03 
126 mg/L CaC03 

0.992 or at 99.2\ agreement 

Because of this very close agreement with demonstrated 
experimental resu~ts, the theoretical CaC03 saturation index 
formula (as cited above in 7.2 and references #1,4 and 5) can be 
used with confidence to predict what the effect will be of 
changing any given scrubber blowdown condition on pre~ipitation 
of CaC03 in the downstream Salt Kill. 
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8. OPTIONS CONSIDERED FOR CONTROL OP PRECIPITATION IN SALT KILL 

An observation of the relationship between parameters used to 
calculate the Langelier Saturation Index shows the three most 
significant parameters causing calcium carbonate to precipitate 
in any given aqueous stream are as follows: 

o The stream pH at equilibrium compared to the CaC03 
saturation pH of the stream (i.e., the Saturation Index 
value) 

o The total alkalinity concentration of the stream 

o The total calcium hardness concentration of the stream 

If any one of these parameters is maintained at (or controlled 
at) a non-significant value, CaC03 precipitation cannot occur. 

If all three of these parameters are simultaneously present at 
significant levels, then the Saturation Index value (i.e., pH
pHs) is the most critical parameter to control. The total 
alkalinity concentration is the second most critical control 
parameter followed by the actual dissolved calcium (i.e., 
hardness) concentration. 

8.1 Calculation of Slowdown pH Required to control Downstream 
saturation Index at zero 

In order to control the Saturation Index at O in the downstream 
Salt Kill, the existing downstream Salt Kill pH must he reduced 
to 7.1. That is, for the existing downstream pHs = 7.1: 

pH - pHs = 0 
pH - 7.1 = 0 

pH = 7.1 

For the given upstream and downstream Salt Kill conditions, 
calculate the blowdown pH value required if total blowdown flow= 
60 gpm: 
where; 

Vus = 
pHus = 
Vos = 
PHos = 
v., = 
pHa, = 

Upstream Average Flow Volume= 1606 liters/min 
Upstream Average pH Value= 8.4 
Downstream Average Flow Volume= 1833 liters/min 
Downstream Target pH Value= 7.1 
Scrubber Blowdown Average Flow Volume= 227 liters/min 
Scrubber Blowdown Required pH Value= C., moles H+ 

liter 

Since pH= Negative log of hydrogen ion concentration in moles 
liter 
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then; 

Pllus = 8.4 = - (Log [H+lus) 

[H+ lus = 10-a·• = 4xlo➔ moles H+ 
liter 

Cus = 4xlo➔ moles H+ 
liter 

Cns = 10-7 · 1 = 7. 9x10-e moles H+ 
liter 

pffeo = - (Log [H+loo) 

Cao= 10"11i&> moles H+ 
liter 

(V00 ) (C..,)+(Vus) (Cus) = (Vos) <Cnst 
(227 L/a1n)(C80 )+(1606 L/m1n)(4x10· moles/L)•(l833 L/m1n)(7.9xlo·8 moles/L) 

227 L/min (Cao moles/L)+6.42xl0~ moles/min= l.45xl0~ moles/min 

Cao moles/L = 4. 39xlo-• moles/min x 1 min/227 L = 6 .12x10-7 moles/L 
therefore; 
Slowdown pH= -(Log 6.l2x10-7 moles H+) = -(-6.21) = 6.21 

L 

Controlling the scrubber water pH value at 6.21 is not a feasible 
option since the scrubber pH value must be kept at a pH value of 
about 8.5 or higher to ensure adequate removal of acid gases from 
the kiln in the wet scrubber system. 

In order to adjust the blowdown pH to 6.2, most of the ·excess 
bicarbonate and carbonate alkalinity in the blowdown would have 
to be neutralized with acid. This would require an average of 
1950 lbs/day of 100\ HCl or 551 gallons per day of 36\ 
concentrated hydrochloric acid. 

8.2 calculation of Slowdown pH Reguired to control Downstream 
saturation Index at Upstream Value 

In order to control the Saturation Index of the downstream at the 
same value as the upstream Salt Kill (i.e., 0.7) the pH value 
downstream must be lowered. Although this would not completely 
eliminate the potential for CaC03 to precipitate, the degree of 
precipitation that would occur would be equal to the existing 
potential (i.e., Saturation Index) of the upstream Salt Kill. 
That is, for the downstream Saturation Index= upstream 
Saturation Index; 
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pffos (existing) - 0.7 = pHos (target) 
pffos (target)= 9.2 - 0.7 = 8.5 

For the given upstream and downstream Salt Kill conditions, the 
blowdown pH value required to control the downstream pH at 8.5 
can be calculated as in Section 8.5 above. However, to maintain 
the pH of the downstream at 8.5, (while the upstream pH= 8.4) it 
is self evident that the scrubber blowdown pH must also be at a 
maximum of 8.5 to ensure a combined stream pH greater than 8.5 
will not occur. 

On the other hand, to adjust the scrubber blowdown from the 
.existing discharge pH of 9.2 to 8.5, a quantity of about 551 
gallons per day of 36, HCl is again required. The same daily 
quantity of acid that would be required to reduce the blowdown pH 
from 9.2 to 6.2 is required to reduce the pH from 9.2 to 8.5 
because essentially 100% of this acid is required to neutralize 
the existing average 3710 mg/L (as CaC03 ) of total carbonate
bicarbonate alkalinity in the blowdown. 

After all this alkalinity is neutralized, only minimal amounts of 
acid are then required to reduce the pH values to 8.5 or 6.2 as 
these differences in hydrogen ion concentration are extremely 
small. The differences in the existing blowdown stream hydrogen 
ion concentration, i.e., [H+) 80 at 9.2 and the [H+Jeo at either 
target pH value of 8.5 or 6.2 is calculated as follows: 

pH 9.2 = - (Log [H+) ) existing 
existing [ H+ )80 = 10~2 = 6. 3lx10-10 moles H+ 

liter 

pH 8.5 = - (Log [H+Jeo) target 
target [H+ Jeo = 10-s.s = 3xl0➔ moles H+ 

liter 

pH 6.2 = - (Log [H+) 80 ) target 
target [H+Jeo = 10-t.-2 = 6.31x10-7 moles H+ 

liter 

Acid requirements to establish either target pH from the existing 
pH 9.2, after neutralization of existing total alkalinity would 
be: 

pH 9. 2 to pH 8. s = 3xlo➔ moles H+ - 6. 31x10-10 moles H+ 
L L 

pH 9.2 to pH 8.5 = 2.4x10➔ moles H+ 
L 

2.4xlo➔ moles H+ x 36,s grams HCl = 
L mole H+ 
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8.76xlo➔ grams HCl x 221 L x 1440 min= 2.9xlo~ grams HCl 
L min day day 

2.9x10-2 grams HCl x 1.0.Q = 0,08 grams 36\ HCl 
day 36 day 

0,08 grams 36\ HCl x 
day 

1 lb x 
454 gr 

1 gal = 0,000018 gal 36\ HCl 
9.83 lb day 

pH 9. 2 to pH 6. 2 = 6. 3lx10-7 moles H+ - 6. 3lx10-10 moles H+ 
L L 

pH 9. 2 to pH 6. 2 = 6 .3ox10-7 moles H+ 
L 

6.30xlo~ moles H+ x 36,5 grams HCl = 2.3xlo➔ grams HCl 
L mole H+ L 

2.3x10-s grams HCl x 227 L x 1440 min= 7,5 grams HCl 
L min day day 

7,5 grams HCl x l.Q.Q = 20.a grams 36\ HCl 
day 36 day 

20.8 grams 36\ HCl x 
day 

1 lb x 
454 gr 

1 gal = 0.005 gal 36\ HCl 
9.83 lb day 

Therefore, although about 280 times more HCl is required to 
reduce the unbuffered pH to 6.2 than to 8.5, these quantities are 
insignificant compared to the 551 gallons/day of 36\ HCl required 
to neutralize the carbonate buffer in the existing blowdown. 

8.3 calculation of Slowdown Total Alkalinity Regyired to control 
Downstream saturation Index at zero 

Anticipated Downstream conditions 
Formula Value from 

Langelier Index Tables 

A= Total solids concentration= 2500 mg/L 0.2 
B = Temperature = 53°F 2.3 
C = Calcium hardness (as CaC0 3 )= 221 mg/L 1.9 
D = Total alkalinity (as CaC0 3 )= (to be calculated) 

Assume scrubber blowdown is controlled at pH= 9.0. Then, the 
theoretical (unbuffered) downstream pH is calculated as follows: 

Vus = Upstream average flow volume= 1606 L/min 
pHus = Upstream average pH value= 8.4 = 4xlo➔ moles H+ 

L 
V05 = Downstream average flow volume = 1833 L/min 
Plios = Downstream average pH value = pH0s = - (Log [H+] 05 ) 
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v,., = Scrubber blowdown average flow= 227 L/min 
pffeo = Scrubber blowdown average pH value= 9.0 = lxlo➔ moles H+ 

L 

(V,.,) (Ca,)+(Vus) (Cus) = (Vos) (Cos) 
(227 L/min)(lx1o➔moles H+)+(l606 

L 
L/min)(4xlo➔moles)=l833 L/min(Cns ~) 

L L 
2. 21x10-1 moles H+ + 6. 42xlo-6 moles H+ = 1833 L/min <Cos moles) 

min L 
6.65xlo-6 moles H+ = 1833 L/min 

L 
<Cos moles H+) 

Cos moles H+ = 6.65xlo-6 moles H+ x 
L min 

Cos moles H+ = 3.63x10➔ moles H+ 
L L 

pffos = - (Log 3.63x10➔) = - (-8.44) = 

L 
1 min 
1833 L 

8.44 

If Saturation Index= 0 and pH05 = 8.44 then, 

pH - pHs = 0 
8.44 - pHs = 0 
pHs = 8.44 and, 

pHs = (9.3+A+B) - (C+D) 
8.44 = 9.3+0.2+2.3 - 1.9 - D 
8.44 = 9.9 - D 
D = 9.9 - 8.44 = 1.46 

L 

From tables (Ref. 5 pg 111) the total alkalinity would= 29 mg/L 
(as CaC03 ) in downstream Salt Kill. 

The relative calculated total alkalinity of the blowdown would 
be: 

v,., = Volume blowdown = 227 L/min 
Ca,= Total Alkalinity of blowdown = Ca, 
Vos= Volume upstream Salt Kill= 1606 L/min 
Cus = Total Alkalinity of upstream= 172 mg/L (as CaC03 
Vos= Volume downstream Salt Kill= 1833 L/min 
Cos= Target Alkalinity of downstream= 29 mg/L (as CaC03 ) 

(V,.,) (Ca,)+(Vus(Cus) = (Vos) (Cos) 
227 L/min (Ca, mg/L)+(l606 L/min)(172 mg/L)=(1833 L/min)(29 mg/L) 

227 L/min ( Ca, mg/L) + 2762-32 mg/min = 53157 mg/min 
227 L/min (Ca, mg/L) = 53157-276232 mg/min 
CBD = -223075 = -983 mg/L (as CaC03 ) 

227 

Since the total alkalinity of the blowdown cannot be negative at 
pH= 8.5 to 9.0, control of blowdown alkalinity alone will not 
reduce the downstream Salt Kill Saturation Index . to zero. 
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8.4 calculation of Slowdown Total Alkalinity Required to control 
Downstream saturation Index at Upstream Value 

Anticipated Downstream conditions 
Formula Value from 

Langelier Indez Tables 

A= Total solids concentration= 2500 mg/L 0.2 
B = Temperature = 53°F 2.3 
C = Calcium hardness (as CaC03 )= 221 mg/L 1.9 
D = Total alkalinity (as CaC03 )= (to be calculated) 

Assume the scrubber blowdown is controlled at pH= 9.0. Then, 
the theoretical (unbuffered) downstream pH= 8.44. If the 
downstream Saturation Index= upstream Saturation Index then, 
downstream Saturation Index= 0.7. 

Since, Saturation Index= pH - pHs = 0.7 
then, 8.44 - pHs = 0.7 and, 

pHs = 7.74 

pHs = (9.3+A+B) - (C+D) 
7.74 = 9.3 + 0.2 + 2.3 - 1.9 - D 
7.74 = 9.9 - D 

D = 9.9 - 7.74 = 2.16 

From Langelier Tables (Refs, pg 111) total alkalinity should= 
146 mg/L (as CaC03 ) in the downstream Salt Kill. Then, total 
alkalinity of the blowdown must be: 

vf/0 = Volume blowdown = 227 L/min 
~ = Total alkalinity of blowdown (as CaC03 ) = ~ 
Vus = Volume upstream Salt Kill= 1606 L/min 
Cus = Total alkalinity of upstream (as CaC03 ) = 172 mg/L 
Vos = Volume downstream Salt Kill= 1833 L/min 
Cos = Target alkalinity of downstream= 146 mg/L (as CaC03 ) 

(Vf/0) (~)+(Vus) (Cus) = (Vos) (Cos) 
227 L/min (~ mg/L)+(l606 L/min)(172 mg/L)=(l833 L/min)(l46 mg/L) 

227 L/min (~ mg/L)+276232 mg/min= 267618 mg/min 
227 L/min (~ mg/L)=267618-276232 mg/min 

¼I> mg/L = -8614 mg/minx 1 min 
227L 

~ mg/L = -38 mg/L (as CaC03 ) 

Therefore, in order to maintain the existing upstream Salt Kill 
Saturation Index "unchanged" at the downstream Salt Kill sample 
point, the total alkalinity of the scrubber blowdown would have 
to be approximately O mg/L (as CaC03 ). 

Observation of the data and results from this study show that, 
during the study period, the average total alkalinity was 3710 

40 



mg/L (as CaC03 ). Since this total alkalinity concentration is 
the result of average "real time" blowdown pH value measured at 
9.2, it is expected that more accurate control of pH, to remain 
in the range of 8.5 to 9.0, will reduce the blowdown total 
alkalinity concentration as follows: 

Figure 4-1 shows that titrations of 1.1\ HCl solution with soda 
ash (Na2C03 ) solution requires 19,200 mg/L (as Na2C03 ) to reach pH 
9.0 and 18,900 mg/L (as Na2C03 ) to reach pH 8.5. To reach pH 
4.0, the required Na2C03 dosage is 17,400 mg/L (as Na2C03 ). Below 
pH 4.0, it is expected that all but a solubility limited amount 
of alkalinity introduced into the acid stream is lost to the 
atmosphere by generation and evolution of carbon dioxide gas 
(i.e., CO2 ). CO2 has limited solubility in the scrubber water 
solution (i.e., about 576 mg/Lat 140°F) as described in Ref. #5 
pg 18 and Ref.# 2 pg 130. 

From this titration data, the excess concentration of combined 
carbonate and bicarbonate alkalinity can be calculated as 
follows; 

Excess total alkalinity in solution in raising pH from 4.0 to 9.0 = 
19,200 mg/L (as Na2C03 )-17,400 mg/L (as Na2C03 )=1800 mg/L (as Na2C03 ) 

1800 mg/L (as Na2C03 )x0.94=1692 mg/L (as CaC03 ) 

1692 mg/L (as CaC03 )+ residual CO2 at 657 mg/L (as CaC03 )=2349 mg/L 
( as CaC03 ) 

Excess total alkalinity in solution in raising pH from 4.0 to 8.5 = 
18,800 mg/L (as Na2C03 )-17,400 mg/L (as Na2C03 )=1400 mg/L (as Na2C03 ) 

1400 mg/L (as Na2C03 )x0.94=1316 mg/L (as CaC03 ) 

1316 mg/L (as CaC03 )+ residual CO2 at 657 mg/L (as CaC03 )=1973 mg/L 
( as-ea Ct. i ) 

Even with precise control of the scrubber blowdown pH within the 
range of 8.5 to 9 . 0, the total alkalinity concentration in the 
blowdown will range from 2000 mg/L (as CaC03 ) to 2400 mg/L (as 
CaC03 ) which is in excess of the zero alkalinity concentration 
required to maintain the existing upstream Saturation Index of 
0.7. Performing the required calculations shows that, at the 
2400 mg/L (as CaC03 ) blowdown alkalinity, the resultant 
downstream Salt Kill Saturation Index will be 1.6. This is 
significantly lower than the +2.46 Saturation Index value 
measured during this study (i.e, it is about 65\ of the present 
downstream Saturation Index). 

8.5 calculation of Downstream saturation Index Resulting from 
Replacement of Soda Ash with Sodium Hydroxide for scrubber 
water pH control 

As indicated above, use of soda ash (Na2C03 ) for pH control in 
the wet scrubber leaves an excess of carbonate and bicarbonate 
alkalinity in the blowdown (at pH value between 8.5 and 9.0) due 
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to the necessary formation of bicarbonate ion (HC03 ) from 
neutralization of acid (H•) as represented by the following 
equation: 

Na2C03 + HCl = 
soda ash hydrochloric acid 

NaCl 
salt 

+ NaHC03 
sodium bicarbonate 

Thus, in neutralizing 1 mg/L of HCl, 2.9 mg/L of Na2C03 are 
required, generating 3.9 mg/L of total dissolved solids (TDS). 
The relative concentration of bicarbonate ion remaining in 
solution is, therefore, dependent upon the concentration of acid 
being neutralized while maintaining the pH over 8.5 in the 
scrubber water. Between pH values 4.0 and 8.5, some of the 
bicarbonate ion generated is lost due to evolution of CO2 • Below 
pH 4.0, all bicarbonate concentration is lost but some alkalinity 
will remain in solution due to the solubility of CO2 in water as 
carbonic acid (H2C03 ). This residual CO2 concentration (in form 
of H2C03 ) will form bicarbonate ion (HC03-) as the pH is raised 
above 4.0. The portion of CO2 converted to bicarbonate ion is 
proportional to the increase in pH value between pH 4.0 and 8.5 
(see the graphical relationship in Ref #2. pg 130). 

If relatively pure sodium hydroxide (i.e. NaOH) solution is used 
instead of soda ash, the source of carbonate and bicarbonate 
addition to the scrubber solution caused by acid neutralization 
would be eliminated. The following equation represents this 
reaction; 

NaOH + 
sodium hydroxide 

HCl = 
hydrochloric acid 

NaCl + H20 
salt water 

Thus, in neutralizing 1 mg/L of HCl, 1.1 mg/L of NaOH is required 
in generating only 1.6 mg/L of TDS. So, besides the elimination 
of the addition of carbonate-bicarbonate alkalinity when using 
sodium hydroxide, only 41\ of the TDS would be generated in the 
neutralization reaction. 

Reducing the TDS generated in the blowdown will have little if 
any effect on increasing the downstream Saturation Index, but 
eliminating the addition of the carbonate-bicarbonate alkalinity 
to the blowdown shows a marked reduction in the value of the 
downstream Saturation Index. 

However, although essentially no total alkalinity is added by 
adjusting the pH with sodium hydroxide, some total alkalinity 
will be present from the carbon dioxide gas (CO2 ) which is 
absorbed by the wet scrubber solution from the kiln off-gas 
stream. At a scrubber recirculation solution temperature of 
140°F (i.e., 60°C) the anticipated absorbed CO2 concentration in 
the blowdown stream would be 576 mg/L (as CO2 ) x 1.14 • 657 mg/L 
( as CaC03 ). 
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Therefore, the calculated downstream total alkalinity would be: 

v,., = Volume blowdown = 227 L/min 
¼I>= Total alkalinity of blowdown = 657 mg/L (as CaC03 ) 

Vus = Volume upstream Salt Kill= 1606 L/min 
Cus = Total alkalinity upstream= 172 mg/L (as CaC03 ) 

V05 s Volume downstream Salt Kill= 1833 L/min 
Coss Resultant alkalinity downstream= to be calculated 

(V,.,) (¼l))+(Vus) (Cus) = (Vos) (Cos) 
227 L/min (657 mg/L)+(l606 L/min)(l72 mg/L)=(l833 L/min)(Cos mg/L) 
149,139 mg/min+ 276232 mg/min= 1833 L/min (Cos mg/L) 

Cos mg/L = 425,371 mg/minx 1 min 
1833L 

Cos mg/L = 232 mg/L (as CaC03 ) 

Anticipated Downstream Conditions 

A= Total solids concentration= 1225 mg/L 
B = Temperature = 53°F 
c = Calcium hardness (as CaC03 )= 221 mg/L 
D = Total alkalinity (as CaC03 )= 232 mg/L 

pffos = 8.44 at blowdown pH= 9.0 

pHs = (9.3+A+B)-(C+D) 
pHs = 9.3+0.2+2.3-1.9-2.4 
pHs = 7.5 

Saturation Index= pH - pHs 
= 8.44 - 7.5 
= 0.94 

Formula Value from 
Langelier Index Tables 

0.2 
2.3 
1.9 
2.4 

Therefore, the resultant Saturation Index would be only 34\ 
higher than the existing value of the upstream Salt Kill (i.e., 
0.7). 

8.6 Calculation of Downstream Saturation Index Resulting from 
Replacement of soda Ash with Sodium Hydroxide and 
Pretreatment of the Slowdown for TSS Removal Before 
Discharge 

As indicated in Section 8.5, replacement of the soda ash used for 
pH control of the wet scrubber solution with sodium hydroxide 
will reduce the total alkalinity of the blowdown from 3710 mg/L 
(as CaC03 ) to 657 mg/L (as CaC03 ). This, along with controlling 
the pH of the blowdown at 8.5 to 9.0 would have the effect of 
lowering the downstream Salt Kill Saturation Index to a value of 
0.94. 
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Pretreatment of the blowdown stream for TSS removal would further 
reduce the downstream Saturation Index due to removal of existing 
blowdown calcium hardness. The expected total alkalinity of the 
blowdown would be about 550 mg/L (as CaC03 ) due to CO2 absorbtion 
and neutralization, if soda ash is not used in the wet scrubber 
pH control process. The expected residual calcium hardness 
discharged in the effluent would be expected to be about 15 mg/L 
(as CaC03 ) . This expected calcium hardness concentration is 
confirmed by the observed results of Jar Test #2, shown in Table 
4-1. 

Under these anticipated blowdown conditions, the downstream 
Saturation Index is calculated as follows: 

Downstream calcium hardness (as CaC03 ) =; 

vfJD = 
Ceo = 
Vus = 
Cus = 
Vos = 
Cos = 

Volume blowdown = 227 L/min 
Blowdown calcium hardness= 15 mg/L (as CaC03 ) 

Upstream volume= 1606 L/min 
Upstream calcium hardness= 193 mg/L (as CaC03 ) 

Downstream volume= 1833 L/min 
Downstream calcium hardness= to be calculated 

( Veo) (Ceo)+ ( Vus) ( Cus) = (Vos) (Cos) 
227 L/min (15 mg/L)+(1606 L/min)(193 mg/L)=(l833 L/min)(Cos mg/L) 
3405 mg/min+ 309958 mg/min= 1833 L/min (Cos mg/L) 
Cos mg/L = 313,363 mg/minx 1 min= 171 mg/L (as CaC03 ) 

1833L 

Downstream total alkalinity (as CaC03 ) =; 

Veo = Blowdown volume= 227 L/min 
Ceo = Blowdown total alkalinity= 325 mg/L (as CaC03 ) 

Vus = Upstream volume= 1606 L/min 
Cus = Upstream total alkalinity= 172 mg/L (as CaC03 ) 

Vos = Downstream volume= 1833 L/min 
Cos = Downstream total alkalinity= to be calculated 

(Veo) (Ceo)+(Vus) (Cus) = (Vos) (Cos) 
(227 L/min)(325 mg/L)+(l606 L/min)(172 mg/L)=(1833 L/min)(Cos mg/L) 
73,775 mg/min+ 276,232 mg/min= 1833 L/min (Cos mg/L) 
Cos mg/L = 350,007 mg/minx 1 min= 191 mg/L (as CaC03 ) 

1833L 

44 



Por■ula Value from 
Anticipated Downstream conditions Langelier Index Tables 

A= Total solids concentration= 1225 mg/L 
B = Temperature = 53°F 
C = Calcium hardness (as CaC03 )= 171 mg/L 
D = Total alkalinity (as CaC03 )= 191 mg/L 

pffos = 8.44 at blowdown pH= 9.0 

pHs = (9.3+A+B)-(C+D) 
pHs = 9.3+0.2+2.3-1.8-2.3 
pHs = 7.7 

Saturation Index= pH - pHs 
= 8.44 - 7.7 = 0.74 

0.2 
2.3 
1.8 
2.3 

Therefore, the resultant Saturation Index would be only 5.7\ 
higher than the existing value of the upstream Salt Kill. This 
is not expected to cause a noticeable or measurable difference in 
the concentration of calcium hardness precipitating at the 
downstream sampling points in comparison with the upstream 
sampling points. 

8.7 Calculation of Downstream saturation Index Resulting from 
Pretreatment for TSS Removal without Replacing Soda Ash used 
in Wet Scrubber 

If soda ash is used to adjust pH in the wet scrubber system in 
combination with TSS removal, most of the existing calcium 
hardness would be removed, and most of the existing alkalinity 
would remain in the treated effluent. In other words, the 
existing total alkalinity in the blowdown would be reduced by the 
value of the existing blowdown calcium hardness (i.e., about 210 
mg/Las insoluble CaC03 ), leaving about 3500 mg/L (as CaC03 ) 

total alkalinity remaining. The anticipated blowdown and Salt 
Kill conditions would be calculated as follows: 

Vm, = Blowdown volume= 227 L/min 
Cm,= Slowdown alkalinity= 3500 mg/L (as CaC03 ) 

Vus = Upstream volume= 1606 L/min 
Cus = Upstream alkalinity= 172 mg/L (as CaC03 ) 

V05 = Downstream volume= 1833 L/min 
Cos= Downstream alkalinity= .to be calculated 

(Vm,) (Cm,)+(Vus) (Cus) = (Vos) (Cos) 
(227 L/min)(3500 mg/L)+(l606 L/min)(l72 mg/L)=(l833 L/min)(Cos mg/L) 
794,500 mg/min+ 276,232 mg/min= 1833 L/min (Cos mg/L) 
Cos mg/L = 1,070,732 mg/minx 1 min= 584 mg/L (as CaC03 ) 

1833L 
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Therefore; 

Anticipated Downstream conditions 
As Total solids concentration= 1700 mg/L 
B = Temperature = 53°F 
C • Calcium hardness (as CaC03 )= 171 mg/L 
D = Total alkalinity (as CaC03 )= 584 mg/L 

pffos = 8.9 at blowdown pH= 9.0 

pHs = (9.3+A+B)-(C+D) 
pHs = 9.3+0.2+2.3-1.8-2.8 
pHs ~ 7.2 

Saturation Index= pH - pHs 
= 8.9 - 7.2 

Saturation Index= 1.7 

Formula Value from 
Langelier Index Tables 

0.2 
2.3 
1.8 
2.8 

Therefore, pretreatment for total suspended solids removal will 
not significantly reduce the existing downstream Saturation Index 
unless the blowdown pH is also reduced to less than pH 9.0. 
However, it is more effective to replace the use of soda ash in 
the wet scrubber system with sodium hydroxide since even without 
pretreatment for total suspended solids removal, soda ash 
replacement with sodium hydroxide will reduce the Saturation 
Index to 0.94. 
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9. CONCLUSIONS 

9.1 The Salt Kill water, upstream of the Norlite facility 
scrubber blowdown outfalls, is very close to the limit of 
saturation possible for calcium carbonate concentration. This 
degree of saturation is indicated by the average carbonate 
hardness concentration and pH value analyzed during this study. 

The relatively low temperature measured for the Salt Kill (i.e., 
<56°F) is the major condition keeping the natural hardness from 
precipitating in the Salt Kill upstream of the Norlite scrubber 
blowdown outfalls. 

9.2 The primary cause for precipitation of suspended solids in 
the Salt Kill downstream of the Norlite scrubber blowdown outfall 
location, is the increase in measured stream pH value (during 
this study) from about 8.4 to 9.2. This causes calcium carbonate 
to become less soluble and to precipitate in the downstream Salt 
Kill. 

9.3 The secondary cause contributing to the precipitation of 
suspended solids in the Salt Kill downstream of the Norlite 
scrubber blowdown outfall is the concentration of calcium 
carbonate hardness in the scrubber blowdown. About 84 percent of 
the calcium carbonate precipitated during this study was observed 
to be from the Salt Kill water source itself and the remaining 16 
percent of calcium carbonate precipitated was due to the scrubber 
blowdown carbonate hardness concentration. 

9.4 The characteristics of the scrubber wastewater itself, 
which cause "settleable solids" to occur in the blowdown samples, 
is attributed to a slow reaction between excess carbonate ---
alkalinity and residual lime (calcium hydroxide) fines from the 
baghouses. Even though the scrubber blowdown is relatively clear 
and low in settleable solids at the time of discharge, residual 
lime in suspension slowly dissolves due to solution cooling and 
absorbtion of CO2 from the atmosphere during the settling test. 
These conditions cause the Qlowdown solution to become saturated 
with calcium carbonate upon standing and increased concentrations 
of settleable solids then form. 

9.5 Under natural conditions, the concentration of calcium 
carbonate hardness in the upstream Salt Kill is high enough for 
calcium carbonate precipitation to be taking place. This is 
especially more feasible in summer months when sunlight warms the 
creek bed rocks and substrata in slower moving pools of water. 
As the cool creek water runs over these warmed solid surfaces, 
the stoichiometric balance of calcium and carbonate in the stream 
causes calcium carbonate (CaC03 ) to uniformly "scale-out" on 
these solid surfaces (as hard crystalline layers) without visible 
silting or precipitation taking place. 

However, under the influence of excess carbonate alkalinity 
introduced from the scrubber blowdown, a more voluminous hydrated 
precipitate form of calcium carbonate (i.e., CaC03 .6H20) forms 
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which visibly settles to the bottom as a light to tan colored 
precipitate. 

9.6 Combined analysis of the aqueous stream samples and the 
solid precipitate and sediment samples collected during this 
study confirm that about 80 percent by weight of the precipitate 
forming and settling at downstream Sample Points D and Fis a 
form of calcium carbonate. The remaining 20 percent of the 
weight of the precipitate is attributed to mostly silica and 
silicates, hydrates and oxides of calcium, iron, aluminum and 
magnesium. 

9.7 Material balance calculations using the aqueous sample 
analyses show that the Salt Kill flow conditions were in a 
typical range for this study. The reported average flow 
conditions for the Salt Kill drainage area are about 1-cubic foot 
of water per second. The material balance calculations show the 
upstream Salt Kill flow rate averaged about 0.94 cu ft/sec during 
this study period. 

9.8 Adjusting the composition of the present scrubber blowdown 
in order to induce less increase in pH value of the downstream 
Salt Kill will have the greatest effect on reducing the amount of 
calcium carbonate precipitation in the Salt Kill. 

9.9 Eliminating the excess carbonate and bicarbonate buffer 
concentration in the present scrubber blowdown discharges will 
enable both a minimal increase in Salt Kill pH value as well as a 
substantial reduction in carbonate hardness concentration. The 
minimum pH increase and reduced carbonate hardness in the 
resulting Salt Kill flow will significantly reduce the potential 
for calcium carbonate to precipitate. 

It is calculated that the calcium carbonate Saturation Index of 
the downstream Salt Kill can be reduced from+ 2.46 to+ 0.94 
(i.e., 2.6 times lower precipitation potential) by operating the 
scrubber at a blowdown discharge pH of 9.0 using sodium hydroxide 
(NaOH) instead of sodium carbonate (Na2C03 ) as the alkali source 
for acid neutralization. This resulting Saturation Index of 0.94 
is only 34\ higher than the existing value of the upstream Salt 
Kill Saturation Index of+ 0.7 which will give a relative 
reduction in downstream calcium carbonate precipitation. 

9.10 Reducing the scrubber blowdown pH (by minimizing Na2C03 
dosage) could result in some significant improvement in reducing 
calcium carbonate precipitation in the Salt Kill. Since, with 
Na2C03 , an excess carbonate alkalinity is required to maintain pH 
above 8.5 in the blowdown, the degree of improvement would depend 
on whether or not a significant increase in the pH value above 
8.5 in the Salt Kill would still occur. 

However, sodium carbonate usage can be significantly reduced 
(minimized) by changing the injection points into the wet 
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scrubber system from the recycle tank to a direct connection into 
the recycle pump suction lines. Less unused soda ash would be 
lost to the blowdown with this modified system. 

Results of the December 1992 Trial Burn on Kiln #1 show that 
optimum S02 and HCl removal are obtained with a scrubber water pH 
value in the range of 7.9 to 8.3. Operating in this pH range 
will ensure the blowdown will not increase the pH of the Salt 
Kill while at the same time it will reduce the concentration of 
excess carbonate alkalinity in the downstream Salt Kill. Both of 
these effects would significantly decrease the concentration of 
calcium carbonate precipitation in the downstream Salt Kill. 

9.11 Adjusting the pH of the scrubber recycle solution to 8.3 
to 9.0 with sodium hydroxide (Na0H), and pretreatment for TSS 
removal is another approach to reducing the mass of calcium 
carbonate precipitation in the downstream Salt Kill to a value 
essentially equal to the natural upstream Salt Kill. That is, 
the Saturation Index of the downstream Salt Kill would be 
increased to only 0.74 from the upstream value of 0.70. This is 
not expected to be a difference that will result in any 
measurable increase in precipitated calcium carbonate from the 
upstream sample points to the downstream sample points. 

Replacement of sodium carbonate with sodium hydroxide is expected 
to have an Na0H requirement that is about 30 percent less than 
Na2C03 on a delivered dry weight basis. 
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10. RECOMMENDATIONS 

Although several recommendations can be made as to measures that 
can be taken to improve or relieve the observed problem of 
calcium carbonate precipitation in the Salt Kill, there is a 
definite order of preference based on consideration of 
effectiveness, cost and dependability. The following 
recommendations are made in order of most preferable measures 
first: 

10.1 Substituting sodium hydroxide solution (25\ W/W NaOH) for 
sodium carbonate solution (5\ W/W Na2C03 ) as the alkali for 
neutralization of acid gases in the wet scrubber system is the 
most direct measure to control blowdown discharges from causing 
Salt Kill precipitation from the standpoint of effectiveness, 
cost and long range dependability. 

Although this measure will require some initial costs for 
facility retrofitting including, installation of insulation and 
heat tracing of chemical holding tanks, transfer pump and lines 
and possible installation of a 20,000 to 25,000 gallon sodium 
hydroxide solution storage tank, the following benefits will be 
immediately gained; 

10.1.1 No final effluent pH adjustment with acid would be 
required, with use of sodium hydroxide, even at a blowdown pH 
value of 9.0, since carbonate concentration increases in the Salt 
Kill would be eliminated. 

10.1.2 ·The chemical operating cost for sodium hydroxide would 
be approximately equal to the present cost of using sodium 
carbonate without any additional controls for limiting downstream 
Salt Kill precipitation. 

10.1.3 The resultant immediate effect of sodium hydroxide use 
will be a substantial improvement in suspended solids generated 
in the downstream Salt Kill due to discharge of the scrubber 
blowdowns. This is even without pretreatment for suspended solid 
removal. About a 75\ reduction in existing downstream TSS is 
estimated. · 

10.1.4 The resultant long-term effect of sodium hydroxide use 
will be a restoration of the Salt Kill TSS precipitation to a 
condition essentially equ i valent to the upstream Salt Kill TSS 
concentration. A 90\ reduction in existing TSS is estimated with 
pretreatment for TSS removal. Note; It is not possible to 
achieve 100\ reduction in Salt Kill TSS since the upstream flow 
already contains 10 to 20 ppm of natural TSS. 

10.1.5 The resultant immediate and long-term effect of sodium 
hydroxide usage would be to reduce the relative total dissolved 
solids (TDS) loading to the Salt Kill by a factor of up to SO\ or 
more. 
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10.2 Changing existing sodium carbonate solution injection 
points (from the recycle tanks) to the recycle pump suction 
lines, while also reducing the scrubber blowdown pH value to less 
than 9.0 (eg. pH 8.0 to 8.5) on a continuous basis, would 
minimize use of sodium carbonate feed to the wet scrubber 
systems. While this measure is expected to achieve at least 25 
to 35, reduction in existing downstream Salt Kill TSS, it would 
also have the following immediate benefits; 

10.2.1 The resulting downstream Salt Kill pH value would be 
reduced to a value less than 9.0. 

10.2.2 No additional or new operating or capital costs would be 
incurred. 

10.2.3 Immediate short-term improvement will be realized until 
the point at which the zero discharge option is implemented. 

10.3 Norlite has proposed a zero discharge option to wastewater 
management, in which the scrubber blowdown is injected into the 
kiln. This option will eliminate the blowdown discharge to the 
Salt Kill creek. Norlite is scheduled to install this system by 
July 15, 1993. 
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PREFACE 

Tms BOOK was written to provide a comprehensive work on industrial 
waters that would be of practical value to executives, consultants, engi
neers, chemists, operating personnel and students, and that would 
eliminate tedious search through a mass of scattered literature. Every 
effort has been made to present the material as simply and clearly as 
possible, and although chemical reactions are included, a chemical train
ing is not necessary in order to understand the basic principles involved. 

The first four chapters are devoted chiefly to impurities in water sup
plies and how they can be eliminated or reduced to allowable tolerances. 
To illustrate the amounts of impurities in ground and surface waters and 
the possible variations in the latter, over one-thousand analyses were cal
culated to a uniform method of expression and concisely tabulated. Chap
ter 5 concerns the water requirements for industrial uses, and current 
water-treatment practices In various industries are discussed. Chapters 6 
and 7 describe the problems and practices relating to boiler feed waters 
and cooling waters, respectively. The different processes and equipment 
used in treating (conditioning) water are covered in detail in Chapters 
8 through 18. Duplication of descriptive matter in the text is eliminated, 
for the most part, by cross references to the chapters in which specific 
processes are described. The appendix section contains forty-three tables 
of conversion factors and equivalents and three curves which will be 
found useful in making calculations. 

No attempt has been made to include lists of patents or complete bib
liographies of publications · on water-treating materials, processes or 
equipment. Instead, a selected list of publications is presented in the 
chapter bibliographies. For the reader who wishes to make a thorough 
search of the literature, the references in the publications listed are prob
ably sufficient to start a chain reaction in that direction. 

Solubilities have been largely taken from Seidell's "Solubilities of In
organic and Metal Organic Compounds" and E. P. Partridge's "Forma
tion and Properties of Boiler Scale," University of Michigan Engineering 
Research Bulletin No. 15. Handbooks which have been used include 
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Name or River 

y' Alabama .. 
Allegheny 
Arkansl\S 
Big Dluc 
Brazos 
----
Cache 
Cababa 
Cedar 
Chattahoochee 
Chiknskia 

Chippewa 
Cimarron 
Clackamas 
Columhia 
Columbia 

Cottonwood 
Crooked 

I Cumhcrland 
I Delaware 

Deschutes 

Des Moines 
F.mbarrass 
Fatl 
Flint ( -

I -Fox 

Nan1e o( River 

Grand 
Grande Ronde 
Hudson 

L Illinois 
lown 

l Jllmes 
Kalama1.oo 

'-- Kankakee 
K11.ns11s 

I , KMknskia 

Kentucky 
Klickitat 

V Lehigh 
Marmaton 

v Maumee 
---
Medicine Lodge 

I· Miami 
X M issis.,ippi 
y Mi~si~sirpi 

Missouri 

,,.,. Monongnhela 
;-- Mud,ly 

V Mu~kingum 
Okanog11n 
Ooslann11la 

TABLE 4 . ANALYSES or NINETY-EIGHT RIVER WATERS-ONE-TEAi\ AVERAGf:S 

(up.-ed u ppm or CaCO,l 

Sampl~J at or nrn.r 
(pr-nil (ppm) 

Fe SiO, 
Hardneso c .. M1 Na+ K UCO, Cl 80, NO, 

- - - --9-
Selma, AIB. 45 33 12 15 40 --3- 0 .6 0 .5 21 
Kitt.aning, Pa. 47 35 12 24 32 20 17 0.6 1.2 8 
Arkansas City, Kans. 336 238 !)8 529 207 412 201 1.5 1.6 31 
Manhattan, Kans. 225 168 57 96 212 29 46 1.9 3 .0 31 
Waco, Tex. 381 303 78 553 130 477 290 1.8 0 .3 22 

--- ------ ----
Mounds, Ill. 73 48 25 33 70 10 19 1.7 2 .5 22 
Birmingham, Ala. 43 33 10 20 43 3 9 0 .5 0 .4 16 
Cedar Rapids, la. 186 120 66 26 171 5 31 2 .5 0.1 14 
West Point, Ga. 15 12 3 17 18 3 5 0 .6 0 .5 20 
Argonia, Kans. 209 160 4!) 82 228 21 35 0 .9 1.3 28 

--------- - --
Eau C laire, Wisc. 52 33 19 18 40 2 14 0 .5 0 .2 1 ;! 
Englewood, Kans. 352 213 139 774 253 702 163 1.4 1.4 38 
Cu;ndr.ro, Ore. 19 13 6 4 21 2 4 0.2 0 .05 17 
Casr.ade Lock~, Wash. 57 40 17 15 55 3 13 0.4 0 .04 13 
Northport, Wash. 64 45 10 0 5!) 1 12 0.2 0 .02 9 

----------
Emporia, Kans. 353 255 98 61 256 15 136 2 .4 0 .9 21 
Prinevitle, Ore. 110 65 45 80 165 15 17 0 .3 0 . 1 34 
Nashville, Tenn. 80 65 15 21 76 3 14 1.0 0 .4 20 
Lambertville, N.J . 44 30 14 12 38 4 12 0 .9 0 .07 9 
Moody, Ore. 32 21 11 27 47 3 5 0 .5 0 .05 28 

- - -
Keosauqua, In. 231 145 86 37 177 7 74 2 .7 0.4 22 
Charleston, ltt. 22fi 128 98 2!) 204 7 32 6 .1 0 .3 17 
Neodesha, Kans. 222 165 57 65 l!l9 18 30 1.5 0 .6 28 
Alhany, Ga. 28 22 6 15 26 4 6 0 .5 0 .9 24 

I Ottawa. lit. 281 150 131 31 225 11 63 4 .0 0 .2 11 

TA111. t: 4 . .-\NALY,<t:s or X1s1:Tr-t:1G11T R1n:n \\. ATt: Ks-Ost:-n: .ut Avt:RAGt:s (Co11/i1111rtl) . 
(e1prcso,d as µpm or CaCO,) 

Sampled at or near (ppm) (ppm) 

••• SiO, 
Bardn .. • Ca Mc Na+ J( HCO, Cl SO, NO, 

- - - - -
Grand Jl-.pi1h1, Mich. 218 140 78 22 18!) 11 34 1.9 0 .07 14 
Elgin, Ore. 31 25 6 20 44 2 6 0 .6 0 .25 30 
Hudson, N.Y. 6!) 53 16 17 5!) 6 · 16 0 .6 0 .15 11 
LaSl\lle, Ill. 215 125 90 35 lfi6 18 ·52 9 .0 0 .2 12 
Iown City, In.. 1!13 123 70 31 172 5 37 2 .3 0 .25 10 

---
Richmond, Va. 47 35 12 15 49 3 7 0.2 0 .5 18 
Kalam:\Zoo, Mich. 212 138 74 18 190 5 24 1.5 0.05 17 
Kankakee, Ill. 231 145 80 24 17fi 7 59 3 .3 0 .27 15 
Holliday, Kn.us. 24!) 183 60 111 21'1 57 03 1.9 1.1 29 
Carlyle, Ill. 200 118 82 31 174 10 35 3 . !) 0.4 17 

- -- - ------ - ------ - - - - ----
Frankfort, J(y. 68 53 15 15 63 3 9 2 .0 0 .5 16 
l<lickilnt, Wash. 31 18 13 14 36 2 7 0 . 1 0 . 13 27 
So. n ethlehr m, Pa.. 50 35 24 16 33 7 31 1.8 0 . 1 9 
Fort Scott, Kans. 23!) 203 3fi 51 206 7 36 1.5 1.1 14 
Toledo, 0 . 210 143 67 53 145 56 50 3 .6 0 .27 17 

------ --- ---
Kiowa, Knns. 58!) 408 181 228 185 138 473 2.7 1.6 27 
Dayton, 0 . 246 148 98 20 210 6 42 6. 9 0 . 15 17 
MemphiM, Tenn. 13!) 90 4!) 42 10,, 12 45 1.4 0 .6 24 
Minncapoli~, Minn. 157 100 57 22 15;, 2 1 !) 1.1 0 .07 15 
Kansas City, J<a.ns. 22!) 155 74 !)6 16G 18 140 1.8 0 .7 37 

---- ---
Elizabeth, Pn. 30 30 !) 16 15 5 34 1.5 0 .5 8 
Murphyijhoro, Ill. 112 63 4!) 44 5!) 18 75 1.6 2.1 24 
Zanesville, 0. 147 108 3!J 51 96 56 45 1.3 0 . 18 14 
Oknnog11n1 \\'ash . 72 53 1!l 1!l 67 1 16 0 .2 0 .02 14 
norm·, C.1\. 41 30 11 20 44 3 4 0 .3 0 .7 24 
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✓ 

t,, 

v 

V 

v 

Name or River 

Osage 
0swl'gatchie 
Pearl 
Pectlee 
Platte 

Platte, North 
Potomac 
Powder 
Raritan 
Red 

Republicnn 
R ock 
Rogue 
Sacramento 
Salinas 

Saluda 
San Antonio 
San Gabriel 
Sangamon 
San Joaquin 

Snnln Ano. 
Shenandoah 
Siletz 
Skn,:\it 
Smoky Hill 

Namt or River 

SnBke 
Solomon 
Spokane 
Spring 
Susquehnnnn 

Tennessee 
Tomhighee 
Umntilln 
Umpqun 
Venlum 

Verdigris 
Vermilion 
WabBsh 
Wnl>Mh, Little 
W11llow!l 
- - -· 
Walnut 
Wnteree 
\\'enntchee 
While, F.. Fork 
While, W. Fork 

Willamette 
\\ i!lc11nsin 
\'onKl,iogeny 
\'nkimll 
Yukon 

TABLE 4. ANALYSES OF N1NETT•EIGHT RrvER WATERs-ONE·TEAR AVERAGE~ (Conlinuttl) 

(espreaaed u ppm of C-aCOol 
(ppm) (ppm) 

Sam pled at or nur Fe BiO, 

BardneN Ca Ma Na+ K HCO, Cl BO, NO, 

- -- 182 --14- 37 2T"" Boicourt, Kans. 217 168 49 61 ~ 24 
Ogdensburg, N.Y. 47 33 14 12 43 1 9 0 .3 0 .2 9 
Jacltson, Miss. 23 18 5 19 27 5 7 0 .6 0 .37 18 

Pccdcc, S.C. 21 17 4 1 !I 27 4 4 0 .5 0 .3 2G 
Columbus, Nebr. 232 158 74 104 153 20 158 1.1 0 .2 32 

---
Nort.h Plat.le, Nebr. 164 115 49 69 135 10 79 1.0 0 .26 40 

Cumberland, Md. 79 60 19 20 30 9 60 0 .7 0 .14 8 
North Powder, Ore. 85 58 27 64 112 9 25 0 .5 0 .08 26 

Bound Brook, N.J. 46 30 16 20 42 7 12 1.5 0 .15 16 

Shreveport, La. 255 185 70 196 111 170 146 0.3 1.1 30 

Junction, Knns . 230 173 57 124 242 42 55 2 .4 2 .2 48 

Rockford , 111. 215 113 102 22 207 7 23 3 .3 0 .44 15 

Tolo, Ore. 25 18 7 15 32 2 4 0.2 0 .07 24 

Sacramento, Calif. 61 33 28 29 60 8 17 0 .5 0 .43 28 

PMo Robles, Calif. 265 150 115 129 232 55 101 0 .6 0 . 15 31 
---------

Columbia, S.C. 26 21 5 13 27 5 5 0 .4 0 .38 21 

Bradley, Calif. 244 158 86 82 187 34 98 0 .8 0 . 16 37 

Azus:11 Calif. 162 113 49 3!'1 150 6 33 0 .9 0 . 16 21 

Decatur, Ill. 245 138 107 31 220 8 36 6 .8 0 .27 19 

Lathrop, Calif. 91 50 41 78 60 66 40 0 .8 0 .3 19 
- - - ------

Corona, Calif. 89 65 24 39 84 10 14 0 .15 16 

Millville, W. Va. 114 80 34 15 111 4 6 2 . 1 0 .08 15 

Siletz, Ore. 15 11 4 13 14 6 5 1.3 0 .03 9 

Scdro Woolley, Wash. 27 20 7 8 23 1 8 0 .2 0 .08 9 
Lindsborg, Kans. 375 285 90 349 210 269 246 1.5 0 .86 28 

TA111.t: ~- .\s .\l.Y:<1:,1 or N 1s1.:Tr-r.w11T Rn·t:n \\'ATt:m1- 0s1.:-rt·AH ,\vt·n,c t·s (Conlir111~d) . 

feaprC6-•ed u ppm ol CaCO,) 

SamJ)l~d at nr ne:ir (ppm) (ppm) 

Hardness Ca 
Fe "'0, 

M,i Na+ K UCO, Cl 80, NO, - · -
·wcisr,r, ldal,o 123 83 40 -53- 107 24 36 oT ~ ~ 
Beloit, l(nn~. 296 230 66 187 241 95 112 2.4 1.4 35 
Spokane, \\'Bsh. 43 28 15 12 40 1 9 0 .2 0 .02 11 
Baxter Springs, Kans. 199 IG5 34 51 114 10 87 4.3 1.1 13 
\Vest Pittston, Pa. 59 45 14 14 51 6 14 1.2 0 .12 10 

--- - - -
Knoxville , Tenn. 73 55 18 18 71 14 7 0 .6 0 .54 25 
Epes, Aln. 52 45 7 22 55 4 7 0 .5 0 .63 25 
Umntilln , Ore. 85 58 27 54 95 13 24 1.0 0 .07 34 
Elkton, Ore. 29 20 9 13 30 4 5 0.2 0 .1 18 
Ventura, C'nliL 388 265 123 102 192 28 261 0 .6 0 . 14 23 

--- ------- - ------------
ColTeyvillc, Kans. 223 178 45 72 214 32 32 2 .6 1.4 24 
Strenlor, Ill . 257 138 119 39 198 10 70 1.0 0 .22 14 
Log,rnsporl, Ind. 348 205 143 308 l!l2 412 82 4 .8 0 .23 14 
C'nrn,i, Ill . 87 50 37 33 73 11 33 1.7 2 .0 26 
Josrph, Ort>. 41 38 3 9 39 1 9 0.2 0.02 10 

------
Winfil-1,1, l(nns. 299 225 74 69 240 21 90 3 .0 1.2 23 
C'Bmdcn , S.C. 23 16 7 18 28 4 4 0 .3 0 .28 25 
Cn.<ihmcre, Wu.sh. 23 14 9 9 23 1 7 0 .3 0 .08 12 
Azali,~, Ind. 247 153 94 21 226 4 31 4.5 0 . 14 15 
ln<lianBpolis, Ind. 304 185 119 104 239 110 60 4.9 0 . 15 14 
-- ------
Snlrm, On·. 19 13 6 9 21 3 4 0.3 0 .1 15 
Portngc, Wisc. 63 35 28 18 48 3 18 0 .7 0 .22 13 
l\tc l{el•sporl , Pit. 8G 58 28 20 acitl 6 128 0 .9 0 .7 9 
Pro!lser, \\' n:ih . 65 40 25 31 r,r, 7 22 0 .3 0 . 1 19 
Anvik, Aln~kn 120 90 30 14 110 2 15 0 .07 12 
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Name ol Lake 

Angela 
Bass 
Bigstone 
Cednr 
Center 

Champlain 
Clear 
Crater 
Crystal 
Eagle 

Echo 
Erie 
Geneva 
Goose 
Hemlock 

Humholdt 
Huron 
Kampeska 
Kc.~lcr 
Long 

Mas.~abesic 
Mead 
Mendota 
Micbignn 
Mille Lnrs · 

Name ol Lake 

Minnetonka. 
Moosehearl 
Nipissing 
North 
North Watuppa 

Okeechobee 
Ontario 
Pena.cook 
St. Johns 
St. Marys 

Sebago 
Silver 
Silver 
Simcoe 
Skanenteles 

Spavinaw 
Superior 
Tahoe 
Washington 
Whatcom 

Winnehog<> 
Winnepcsllukce 
Winnipeg 
Worth 
Yellow11tone - -

TA11Lf: 6. A~ALl'SES OF F IF'TY L Altt; WATERS 

(nP'"""°J a.• JlP'" ol CBCO,) (ppm) (ppln) 

Fe SiO, 
State or Province 

Ms I Na+ K HCO, Cl 50, NO, 
Hardn.,._. Ca - --- -

~ -~ --z~ 15 1 
California 15 4 1 5 

5 1 3 
Wisconsin 7 2 13 198 1.1 107 

111 201 87 192 13 Minnesota 312 23 3 6 0.2 0.02 
17 6 8 10 Washington 23 21 68 

253 218 33 20 183 ----Indiana - -- 1 7 4 
12 13 51 7 New York 48 36 3 4 46 12 93 

California 87 41 15 11 0 .3 0 .1 18 
30 18 12 27 28 

Oregon 9 1 l 
6 3 2 28 California. 9 120 318 58 20 .0 

326 274 52 189 ---Texa.'I - 2 9 0 .2 0 .01 4 
5 5 

New Hampshire 12 6 6 13 0 .2 0 .07 6 
15 94 13 

New York 10!1 78 31 13 10 
68 111 9 154 6 

50 Wisconsin 179 141 47 1.2 0 .02 
53 45 8 804 687 

0 .3 2 California 7 54 3 18 
New York 71 50 21 - ----- 33 

72 685 335 418 32 
Nevndo. 104 32 6 0.3 0 .04 12 

29 9 85 4 
Michigan 8!l 60 7 M 4 

256 138 118 20 216 
South Dakota 

28 8 3 28 4 8 
8 West Virginia 36 2 

46 36 11 82 11 
WisconMin 82 -------------------- 4 7 0 .1 0 .04 22 - 5 6 7 
New Hampshire 12 7 253 2.3 0 .25 l !I 

102 18!) 150 85 
Nevada 305 203 15 15 

89 11 129 4 
Wisconsin 139 50 3 7 0 .03 5 

125 80 45 7 122 4 11\inois 63 2!'> 142 1 1 
Minnrsotn 118 55 

-

(npreASed u ppm ol CaCO,) 

State or Province (ppm) (ppm) 
Fe SiO, 

Hardness Ca Mc Na+ K BCO, Cl so, NO, 

--- --- ---Minnesota. 103 70 33 6 108 1 5 
Maine 7 6 1 5 9 3 2 tr. 0 .1 1 
Ontario, Can. 34 22 12 2 20 3 10 1.1 0 .08 6 
Colorado 48 43 5 29 74 1 tr. 2 
Massachusetts 10 7 3 10 7 9 0 . 14 2 

Florida. 107 78 2!l 3!) 93 39 7 0 . 1 0 .1 8 
Ontario, Can. 123 89 34 17 94 23 23 1.1 0 .05 8 
New Hampshire 12 8 4 8 12 3 4 
Quebec, Can. 19 12 7 6 1 tr. tr. 4 
Ohio 176 119 57 35 120 35 56 

--- ------ --------- ------
Maine 12 7 5 2 3 2 7 0 .7 0 .05 2 
Ma.'lsachusctts 9 5 4 10 7 10 6 0 .07 4 
Montana 104 75 2!) 31 122 1 9 tr. 
Ontario, Can. 119 102 17 26 112 8 17 0 .5 0 .05 11 
New York 113 85 28 5 95 2 15 1.2 0 .02 6 

--------- ------
Oklahoma 80 75 5 10 76 6 8 tr. 0 . 1 4 
Michigan 46 33 13 7 46 1 2 0 .4 0 06 7 
California 36 24 12 20 47 3 6 0 .1 H 
Wa.,hington 33 16 17 38 11 9 0 .5 15 
Washington 19 12 7 14 17 8 9 0 .6 0 . 16 7 

- -- -------
Wisconsin 162 87 75 4 168 4 10 14 
New Hampshire 10 7 3 6 8 2 4 tr. 0 .02 1 
l\lanit<>hn, Can. 100 63 37 Ill 77 9 22 4 .8 0 .4 19 
Texns 164 12R 36 57 12!) 55 36 0 .1 O. l 5 
Nevada 23 22 I 44 42 13 8 42 
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2. DISSOLVED MINERAL MATTER 

f11E ORDER in which water impurities are discussed in Chapters 2, 3, and 
t is according to the group classification given in Chapter 1, namely : 
( 1) dissolved mineral matter; ( 2) dissolved gases; ( 3) turbidity and 
~ediment; ( 4) color an<l organic matter; ( 5) tastes and odors; and ( G) 
microorganisms. Dissolved mineral matter is the subject taken up in this 
chapter. Chapter 3 is de,·oted to dissolved gases, while turbidity. sedi
ment, color, organic matter, tastes, odors, and microorganisms are dis
cussed in Chapter 4. 

All natural water supplies, either in their raw state or after treatment 
by a municipality, contain dissolved mineral matter. As sho,m in the 
analyses listed in Chapter 1, these mineral constituents diller greatly in 
the amounts and relative proportions present in various water supplies. 
The most abundant arc the bicarbonates, sulfates, and chlorides of cal
cium, magnesium and sodium. Silica also is a common constituent of 
waters and may be present in amounts ranging from as little as 1 ppm to 
over 100 ppm. 

Iron is present in most water supplies in small amounts, and if present 
to the extent of 0.1 ppm or less, may be considered as negligible for most 
industrial uses. If present in greater amounts than 0.2 or 0.3 ppm, it is 
usually very objectionable. ~fanganese is a rarer constituent but is even 
more objectionable, and tolerances for special uses may be even lower 
than the tolerances for iron. 

Nitrates are usually absent or present only as traces, but there are ex
ceptions, and if appreciable amounts are present, nitrates are determined. 
Nitrites are either absent or present in such minute amounts that they 
are rarely determined in industrial water analyses. Ammonia, which pos
sibly might more appropriately be considered under gases, is also usually 
such a minor constituent that it is seldom determined in industrial water 
analyses. There are exceptional cases, however, where heavily contami
nated waters ha,·e given off enough ammonia in the boilers to have an 
effect on brass valves and fittings. 

NOTE: From a health standpoint and then only in the case of very young 
babies, nitrates above some 10 to 20 ppm in the drinking water can cause 
methemoglobinemia. 
42 

2. DISSOLVED MINERAL MATTU 4J 

Bosch, H. M., et al., "'Methemoglobinemia and Minnesota Well Supplies: 
J. Am. Water Works As.toe., 42, 161 (1950) ancl references in same. 

Potassium, because it is usually presJnt in such small amounts and is 
so much like sodium in most of its properties, is usually grouped with 
the sodium. Fluorides, which may occur in the waters in certain localities 
in amounts of from less than 1 to 8 ppm, are of importance from a health 
angle but are proba bly of little significance for most industrial uses. A 
few of the waters in certain western areas contain borates io sufficient 
amounts to be of importance when used for irrigation. Small amounts of 
alumina are also commonly found in water supplies, but usually they are 
of little significance. 

Small quantities of carbonate alkalinity may be found, at times, in both 
natural surface waters and well waters, and objectionable amounts may 
be present in the so-called alkali waters. Caustic alkalinity is practically 
never found except in treated waters. 

Mineral acidity, usually caused by sulfur ic acid, is found in many mine 
waters and some surface waters which have been contaminated by trade 
wastes or seepage from mines. 

NOTE: Bromine, in commercially extractable amounts, is found in seawater 
and some connate waters or oil-field brines. Iodine is also present in small 
amounts in seawater and some connate waters and oil-field brines. In fresh 
waters, while the amounts of iodine present are extremely small-they are 
measured in parts per billion instead of in ppm-they are of importance in 
reducing the prevalence of goiter. For industrial uses, its presence or absence 
is of no importance. There are also a few very unusual waters which contain 

TABLE 15A. l\hNERAL CossTITU ESTS lieUALLT DETERmSEO IS WATER ANALTSIS 

Name Formula Ezprtued u I Commooly Koo•D u 

Calcium Ca CaCO, Calcium h~rdness } _ Total 

Magnesium 1fg C'nCO, Magnesium hnrdocss hnrdn~ 
Sodium ~n CaCO, -
l3icarbonnte nco, CaCO, Bicarbonate alkalinity 
Carbonnte ·co, CaCO, Cnrbooate alkalinity 
Hydroxide OH CaCO, Caustic alkalinity 
Chloride Cl CaCO, -
Sulfate so. CaCO, -
Nitrnte NO, CnCO, -
l\Iineral acid• - CaCO, Mineral acidity 
Fluoride F F -
Silica SiO, $iO1 -
Iron Fe Fe -
Manganese Mn 11n -

• Mineral acid ity may be due to sulfuric acid or sulfates or iron, alumina, or man
ganese. Io the effluent from hydrogen-cation exchangel'l!, both sulfuric and hydor
chloric acids may be present, plus, with aome watel'l!, small omounl.8 of nitric ar-id. 
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·measurable amounts of such unusual constituents as arsenic, selenium and 
strontium, but these are so uncommon that it is probably sufficient merely to 
mention that they exist. Lead, copper and ziuc, in small amounts, may also be 
picked up from pipe by corrosive waters. Spectroscopic traces of other metals 
have been found in natural water supplies but, since they are p·resent in only 
spectroscopic traces, they need not be considered. Trade-waste contamination 
of waters may also furnish unusual constituents, one of which is chromium. 

For ordinary industrial uses and for the usual run of natural and treated 
water supplies, the mineral constituents, in Table 15A are the only ones 
that need to be considered: 

Alkalinity: Bicarbonate, Carbonate, and Caustic 

Alkalinity is determined by titration with a standard acid solution, 
using phenolphthalein and methyl orange as indicators. The results of 
titration with the methyl orange indicator are expressed as "methyl 
orange alkalinity" or "total alkalinity." The results of titration with 
phenolphthalein indicator are expressed as "phenolphthalein alkalinity" 
( most natural water supplies contain some free carbon dioxide and show 
no phenolphthalein alkalinity). 

( 1) If no phenolphthalein alkalinity is present, all of the alkalinity is 
assumed to be bicarbonate alkalinity. 

( 2) If phenolphthalein alkalinity is present, twice the phenolphthalein 
alkalinity, if less than or equal to the methyl orange alkalinity, is as
sumed to be carbonate alkalinity. 

( 3) If twice the phenolphthalein figure exceeds the methyl orange 
alkalinity, the excess is presumed to be "caustic" or hydroxide alkalinity. 

NOTE: There are certain errors inherent in these determinations and these 
assumptions are not strictly in accordance with physical chemistry concepts, 
but these methods are simple and very satisfactory for most of the calculations 
involved in water treatment. 

Obviously, in solutions as dilute as fresh water supplies are, the salts 
are not present as such but instead are practically completely dissociated 
into the corresponding anions and cations. However, it is often con
venient and simpler to visualize some of the salts as if they were un
dissociated. Thus, it is common practice to refer to the calcium bicar
bonate or calcium sulfate content of a water as if these substances were 

1 present as undissociated salts instead of as ions. In other cases, it may be 
simpler to consider the ions that are present. 

Hardness: Calcium and Magnesium 

The hardness of a water is due to its calcium and magnesium content. 
Hardness in English-speaking countries is expressed in terms of calcium 

) 

2 . DISSOLVED MINEIAL MATTEI .. ,. 
carbonate. Calcium hardness is that hardness due to soluble calcium 
salts; magnesium hardness, to soluble magnesium salts. Total hardness is 
the sum of the calcium hardness plus the magnesium hardness. 

NOTE: The term, hardness, was originally applied to waters that were hard 
to wash in; it referred to the soap-wasting properties of water. \Vith most 
normally alkaline waters, these soap-wasting properties are directly and pro
portionately due to the calcium and magnesium content. It is obvious that 
in an acid water, the mineral acids present would also act as hardness. 
Similarly, if appreciable amounts of soluble iron, aluminum, or certain other 
heavy metals were present, these also would waste soap. However, these are 
exceptional cases and_ there is no need of complicating a simple definition with 
them. 

Carbonate hardness, bicarbonate hardness, and temporary hardness are 
synonymous terms for that hardness attributed to the bicarbonates of 
calcium and/or magnesium. The £rst of these, carbonate hardness, is 
now the preferred term. Noncarbonate hardness, sulfate hardness, and 
permanent hardness are synonymous terms for that hardness due to the 
sulfates, chlorides and/or nitrates of calcium and/or magnesium. The 
first of these, noncarbonate hardness, is now the preferred term. 

The aro'Junb of carbonate and noncarbonate hardness present in a 
given water are determined by inspection of the analysis as follows: 

( 1) If the methyl orange alkalinity of the water equals or exceeds the 
total hardness, all of the hardness is present as carbonate hardness. 

( 2) If the methyl orange alkalinity of the water is less than the total 
hardness, the carbonate hardness equals the alkalinity. 

(3) The noncarbonate hardness, under the conditions in (2), is equal 
to the total hardness minus the methyl orange alkalinity. 

While the terms "carbonate hardness" and "noncarbonate hardness• are 
often used in the text, there are some deviations for the sake of clarity. 
For instance, it is not at all obvious what is meant if it is stated that the 
calcium carbonate hardness breaks down, on heating, to form calcium 
carbonate. On the other hand, if it is stated that the calcium bicarbonate 
hardness breaks down, on heating, to form calcium carbonate, it is 
immediately obvious that a definite change has taken place. In other 
cases also, especially when sodium alkalinity is also present, it is clearer 
in showing the relationships to use the terms, "calcium alkalinity .. and 
"magnesium alkalinity" than the terms •calcium carbonate hardness• and 
"magnesium carbonate hardness." 

NOTE: If the methyl orange alkalinity exceeds the total hardness, the excess 
is the sodium alkalinity. 

Calcium Carbonate Scale. Since calcium carbonate is much less solu
ble than magnesium carbonate and both of them are very much less 
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-soluble than sodium carbonate, it is convenient to visualize the alkalinity 
as bound first to the calcium, second to the magnesium, and third to the 
sodium. Such a visualization is helpful for practical purposes, for, when a 
water containing the bicarbonates of calcium, magnesium, and sodium is 
heated, the calcium carbonate is the first to be deposited, magnesium 
carbonate next, while sodium carbonate is so extremely soluble that no 
separation in the solid form would occur until the solution was greatly 
concentrated by evaporation. The solubilities of these three carbonates at 
212°F are shown in Table 16. 

TABLE 16. CARBONATES: SOLUBILITIES OP' THE CARBON.\TES or CALCIUM, !\[AONESIUM, 

AND SODIU~f AT 212°F 

Solubility u CaCO, 

Name Formula 

(ppm) (iPJ) 

Cnlcium cnrbona.te CaCO, 13 0 .8 
!\f agncsium cnrbonnte l\fgC'O, 75 4.4 
Sodium carbonnte N11.,C01 289000 16900 .0 

An inspection of 233 river, lake, spring and well-water analyses in 
Chapter 1 will indicate that only 10.3 per cent have magnesium alkalini
ties exceeding 75 ppm, expressed as CaCOJ, and these are divided as 
follows: 76 to 85 pp111, 3.9 per cent; 86 to 100 ppm, 3.0 per cent; 100 to 
125 ppm, 2.1 per cent; and 126 to 147 ppm, 1.3 per cent. This goes far to 
explain why it is that calcium carbonate is the principal scale-former in 
condensers and other water-jacketed equipment, water heaters, hot-water 
piping and fixtures, for, even if the bicarbonates were entirely broken 
down to the carbonates, there are but relatively few waters which contain 
enough magnesium alkalinity to exceed the solubility of magnesium car
bonate. Also, in practically all cases where the raw water is merely 
heated but not actually boiled or concentrated, as in the steam boiler, 
the decomposition of bicarbonates is far from complete; it can be ex-

1 pected that, under such conditions, calcium carbonate will usually be the 
principal scale-former. 

There is a widespread opinion that calcium carbonate scale cannot 
form unless water is heated beyond 130°F. This is incorrect, for with some 

11 waters even a very slight rise in temperature is sufficient to form calcium 
carbonate scale. For instance, in tropical or semitropical locations, heavy 
calcium carbonate scale formation in cold-water mains is not unknown. 
As this is treated very fully in Chapter 7, it need only be mentioned very 
briefly here that there is an equilibrium, at each temperature, between 
the free carbon dioxide content of the water and the amount of calcium 

) 

bicarbonate that can be held in solution and that with some waters even 
a slight elevation of temperature is sufficient to upset this equilibrium and 
cause calcium carbonate to deposit. 

An interesting phenomenon is the occasional deposition of some cal
cium carbonate in pond waters, caused by microorganisms. Some of these, 
under favorable conditions, use up all the free carbon dioxide content of 
the water and some of the carbon dioxide content of the bicarbonates, 
forming thereby some normal carbonate. If the amount of carbonate so 
formed is much over 1 gpg ( 17 ppm), precipitation of part of the calcium 
hardness can occur. 
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figure 5. Scaled hot-water pipes. 

Calcium Carbonate and Magnesium Hydroxide Scale. At the tempera
tures prevailing in the steam boiler, both calcium bicarbonate and mag
nesium bicarbonate break down to form scale, but whereas the calcium 
scale consists of calcium carbonate, the magnesium deposits as magne
sium hydroxide. This is because the magnesium bicarbonate decomposes 
first to magnesium carbonate and this reacts with the water to form 
magnesium hydroxide and free carbon dioxide. Sodium bicarbonate 
undergoes a similar decomposition in t~e boiler but, since caustic soda is 
extremely soluble, it remains in solution. These reactions are as follows: 

(1) Ca(HCO,), ➔ CaCO, + H,O + CO. 

(2) Mg(HCO,), ➔ MgCO, + H,O + CO, 
MgCO, + H,O ➔ Mg(OH), + CO, 

(3) 2NaHCO, ➔ Na.CO,+ H,O + CO, 
Na,CO, + H,O ➔ 2NaOH + CO, 

The carbon dioxide formed leaves the boiler with the steam. In the 
case of the sodium carbonate, the conversion to sodium hydroxide often 
exceeds 80 per cent. The magnesium hydroxide in the scale may lose part 



41 
, 

• WATEI TREATMENT 

'of its water content by baking on the tubes and appear partly as magne
sium oxide. The solubilities of the hydroxides of calcium, magnesium, and 
so<lium, expressed as ppm of CaCO3 , at 212°F are given in Table 17. 

Under higher temperatures and pressures, the solubilities of both cal
cium carbonate and magnesium hydroxide decrease. At about 210 psi 
(392°F), the solubility of calcium carbonate is a little less than 5 ppm 
ancl that of magnesium hydroxide is only slightly over 1 ppm, expressed 
as CaCO3• Calcium hydroxide also has a solubility that decreases with 
rise in temperature. At 32°F its solubility is 2390 ppm, at 212°, 888 ppm, 
and at 210 psi (392°F), 134 ppm, expressed as CaCO3• rt is not likely 
to be found in a boiler scale, however, unless the boiler feed water was 
grossly overtreated with lime. 

TABLE 17. l(yono:uot:s: SOLUBILITIES OF' Tm: HYOROXIDF:S OF CALCIU~I, :\IAO)IESIU~f, 

A:>o Soo1 u ~1 AT 212°F 

Ncun t 

---------
Clllcium hydroxide 
Mngnesium hydroxide 
Sodium hydroxide 

SoluLility u CaCO, 

(ppm) (1pi:) 

Form111A I 
11---- 1 -----

Ca(OH)i 
Mg(OH), 
NaOH 

888 
8 

975000 

51.8 
0 .5 

56900 . 

Calcium Sulfate Scale. Calcium sulfate is the only scale-forming salt 
in the noncarbonate hardness for magnesium sulfate, and the chlorides 
and nitrates of both calcium and magnesium have solubilities exceeding 
150,000 ppm by weight expressed as CaCO3, even at 32°F and over 
356,000 ppm at 212°F. Calcium sulfate, in the form of gypsum, has a 
solubility curve which, on elevations of temperature, shows a rise up to 
about 104°F, after which it falls until, at 212°F, it is slightly below the 
solubility at 32°F. At boiler temperatures the curve falls rapidly, until at' 
322 psi it is only some 40 ppm, expressed as calcium carbonate. This is 

, shown in Table 18. 
It is therefore evident that the tolerance for calcium sulfate in a cooling 

water would be large-over 1200 ppm ( 70 gpg) expressed as CaCOJ, 
' This is taken into account in the acid treatment of cooling waters as 

described in Chapter 7. It is also necessary to see that the blowdown on 
1 a cooling pond is regulated so as to maintain the calcium sulfate content 

below some 1200 ppm, expressed as CaCOJ, Owing to its low solubility 
at the temperatures prevailing in steam boilers and because it forms a 
very hard and adherent scale, no amount of calcium sulfate can be tol
erated in steam boilers. 

Thermal Conductivities of Scoles. From measurements made by Ernst, 

) 
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Eberle and Holzhauer, Reutlinger, Croft, and Partridge and White, the 
thermal conductivities ( K) of adherent boiler scales, expressed in Btu 
per square foot of area, per foot of thickness, per hour, per 1 °F tempera: 
ture difference, have been found to lie between 0.66 and 2.06 with a 
mean value of approximately 1.5. The degree of porosity of the scale 
affects the thermal conductivity, as apparently these pores may be filled 
with steam instead of water under boiler operating conditions, thus re
ducing the thermal conductivity in much the same manner as the air 
cells in the commonly used heat-insulating materiais. There is some evi
dence that such porous scales may have thermal conductivities of only 

· 0.2 Btu per sq ft p~r it per hr per 1 °F. 

TABLE 18. CALc1u~1 SULFATE: SoLUD1L1T1Es AT 32 TO 42S•F 

Solubility u CaCO, 

•r 
(ppm) («PC) 

32 12\"13 75 .5 
104 1551 90.5 
212 1246 72.7 
338 (100 psi ) 103 6.0 
392 (210 psi) 56 3 .3 
428 (322 psi) 40 2 .3 

For t:omparison, the thermal conductivity of firebrick is about 0.75 and 
· steel about 26. Hardwater scales therefore have thermal conductivities of 
only some 3 per cent to 8 per cent (average about 5 per cent) of that of 
steel or about the same as that of firebrick. In other words, hardwater 
scales are practically as good heat-insulating materials as firebrick. Un
fortunately, scale forms in the wrong places which accounts for its being 
called •misplaced insulation." 

In order to pass a given number of heat units through a certain area 
of a vessel in a given period of time, it is necessary to maintain a definite 
differential of temperature between the inside and the outside of the 
vessel. If the walls of the vessel consist of clean, unscaled metal, the 
temperature differential that must be maintained is very much less than if 
the metal is scaled. How much this temperature differential must be 
raised, for various rates of heat transfer, if one-tenth of an inch of scale 
is present, is shown in Table 19, which has been calculated for two scales 
having thermal conductivities ( K) of 1.5 and 0.75. 

The heat-insulating properties of hard-water scales are objectionable 
not only in steam boilers and water heaters but also in water-cooled 
equipment such as condensers, internal combustion engines and other 
water-jacketed equipment. Furthermore, these scale deposits do not form 
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TABLE I(), SCALE: TE)lrER.\T URE ELEV.\TIOSS, AT VARIOUS Il.\TES OP' HEAT TR.\:-ISFER, 

CAUSED BY OsE-TESTH INCH THICKNESSES OP' Two SC.\L ES 

Increase ia Temperature DilTerontial C1u1ed by One~Tentb lncb 
ol Scale (0 Fl 

Rn.ta of ntat Tran5fcr 
(lltu/ oQ It/ hr) 

K - 0.75 K - 1.5 

2000 22 11 
5000 56 23 

10000 111 56 
20000 222 111 
-10000 4H 222 

GOOOO GG7 333 
80000 88() 4H 

100000 1110 556 
120000 1330 667 
J.10000 1560 77S 

I 

a layer which is of even thickness and uniformly distributed over the 
entire heat transfer area. Instead, scale forms most rapidly and conse
quently is thickest at points where the rate of heat transfer is greatest. 

The maximum safe operating temperature for mild boiler steel is con
sidered to be about 900°F. Temperatures much above this point will 
result in bagging (Figure 6) or failure (Figure 7). Failures. of tubes in 
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Figure 6 . !lagged bollor lube cauHd 

by scale. 

Figure 7. llollor lube failure cauHd 
by scale. 

the highly irradiated sections of modem boilers have been caused by 
, scale thicknesses of less than 0.04 inch. This agrees quite well with the 

calculated figures, for, if K = 0.75 is assumed as the thennal conductivity 
, of the scale, a simple calculation will show 0.04-inch thickness of scale is 
1 sufficient to cause boiler metal temperatures exceeding 900°F at heat 

transfer rates of 100,000 or more Btu per sq ft per hr in boilers operating 
at pressures of 400 psia or over. At higher pressures, even smaller thick
nesses of scale may cause boiler metal temperatures above 900°F and, if 

1 a porous scale with a value for K of 0.2 or less is encount~red, calcula-

) 
_ ... 

tions indicate· that even less than 0.01-inch thickness of scale may be 
sufficient to cause failure of the boiler metal. 

In wat~r jackets, scale is equally objectionable. In Diesel or other 
internal c,• mbustion engines, scaled surfaces in the water jackets cause 

J 

Figure 8. Scaled flue fro111 loco111oll•• 

boiler. 

in much the same manner as in the steam boiler. As the scale increases in 
thickness, this temperature differential likewise increases, until finally it 
becomes so great that the metal is highly overheated and fails. Cylinder 
heads on Diesel engines are especially prone to cracking from scale de
posits. Figure 9 illustrates such a failure. In surface condensers and other 
nonfired vessels, failure of the metal from overheating could not occur 

Figure 9. Crocked OleHl-engin• cylin

der head caused by scale, 

--

because the temperature differential is too small. In a surface condenser, 
operating on exhaust steam and under a partial vacuum, of course, there 
may be less than 50°F temperature differential between the vapor side 
and the water side of the metal. It is on account of this small temperature 
differential that scales are so troublesome in condensers, for even a very 
thin scale will increase the temperature dillerential, thus lowering the 
vacuum in the exhaust and decreasing the efficiency of the prime mover. 

Hard-water scales are also highly objectionable because they decrease 



the effective diameter of pipe lines and thus greatly reduce their carrying 
capacity. It is not uncommon to see 6-inch pipe with one-inch layer of 
scale in it, thus reducing its effective diameter to 4 inches and its carrying 
capacity to less than one-half of what it was originally. Nor is it necessary 
to have very thick scales in order to reduce the flow rates, especially in 
the case of smaller pipe. Only one-fourth inch of scale in a one-inch pipe, 
for instance, will reduce its effective diameter to one-half inch and the 
maximum Bow rate obtainable would be only one-fourth of what it was 
originally. 

Soop Wastage by Hardness. When a hard water comes in contact 
with soap, the calcium and magnesium ions react with the ions of the 
fatty acids to precipitate the practically insoluble calcium and magnesium 
soaps. With pure soap, this destruction by hardness amounts to 1 ½ 
pounds of soap per 1000 gallons of water for each grain per gallon ( 17 
ppm) of hardness present, as shown in Table 20. 

T .\BLE 20. HARD:-I ESS : SOAP DESTR UCTION 01' WATER OF V .\RIOUS H .I.RDSESSES 

ll>rdncu a.t Cr.CO, I Soap Wa.tta11 Hardn, 11 u Cr.CO, Soap Wut~&• 

( 11 p1l (ppm) (lb/ 1000 call (IP&) (ppm) (lb/ 1000 1al) 

I 17 1.5 16 274 2-1.0 
2 34 3 .0 17 291 25 .5 
3 51 4.5 18 309 27 .0 
4 69 6 .0 19 326 28 .5 
5 86 7 .5 20 343 30 .0 

6 103 9.0 22 377 33 .0 
7 120 10.5 24 411 36 .0 
8 137 12.0 26 446 39 .0 
9 154 13.5 28 480 42 .0 

10 171 15.0 30 514 45 .0 

11 189 16.5 35 549 52 .5 
12 206 18.0 40 583 60 .0 
13 223 l!J .5 45 771 67 .5 
14 240 21 .0 50 857 75 .0 
15 257 22 .5 60 1028 90 .0 

As the soap destruction is directly proportional to the amount of 
hardness, a standard solution of soap may be employed to measure the 
hardnesses of various waters and this .iigure is often called the "soap 
hardness." This should agree with the hardness of the water when deter
mined by gravimetric methods, but certain inaccuracies in making the 
determinations may lead to appreciable discrepancies in the results. This 
is especially the case with the older Clark method. The potassium 
palmitate or Blacher method yields much more satisfactory results. 

) 
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As can be deduced from Table 20, the soap destructiun in textile 
plants, laundries, and other industries where cleansing operations with 
soap are conducted are large when hard waters are used. Therefore, 
softening of the water used in such industries effects huge savings. Soften
ing the water supply not only saves soap and other detergents, but it nlso 

Figure 1 O. left : hard water and soap. Right: 

uro hardnen water and 1oop. 
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effects an incomparably better cleansing and furnishes a superior product. 
In textile plants and laundries, the washed materials have a better appear
ance, softer feel, and an increased life. In dyeing, softened water is of 
importance in securing even dyeing, free from spots and streaks. In the 
manufacture of rayon, it has been found extremely important to eliminate 

Figure 11, Photofflicrogroph of linen washed In hard 
water. 

even a few ppm of hardness, and water with a practically zero content of 

hardness is a prime requisite. 
Hard water is also a drawback in many other industrieJ, even when 

soap is not used in processing operations. In alkaline baths, for instance, 
scale formation is common and causes many processing difficulties. These 
processes and the difficulties caused by hard waters in various industries 
are further discussed in Chapter 5, 

) 
) 
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Hardness of Industrial Water Supplies. The tabulated analyses of 
various water supplies in Chapter 1 are from a sufficient number of 
locations to give a fair idea of the ranges in hardness that may be en-

figure 12. Milk bo1tle1 washed with caustic soda In 

hard water vs. zero hardness water. 

countered with various industrial water supplies. The attempted classifica
tion of natural water supplies as soft, moderately hard, hard, very hard, 
and extremely hard is unsatisfactory and misleading because ( 1) the 

f igure 13. Deposits on bottle pasteurized in hard water. 

tolerances for hardness for different industrial uses vary so greatly often 
even in the same plant, and ( 2) these terms are subject to almost as 
many interpretations as there are listeners. 

Concerning the first, an 85-ppm (5-gpg) hardness water may be "soft" 
enough for the process water in a paper mill but too "hard" to use in the 
mill's boilers. Or a 50-ppm (3-gpg) hardness water may be considered 
"very soft" and satisfactory by a carbonated beverage bottler, while a 

) 

rayon manufacturer may consider the same water as "hard" and very 
unsatisfactory. This matter of water requirements for various end uses 
in a number cf different industries is discussed very fully in Chapter 5. 

Concerning the second, an item in a ~lidwestern newspaper some 
years ago had a headline which blazoned forth that"-- Gets Soft Water 
Supply" and then the subhead under it stated, "t\ew Well Has a Hardness 
of Only 20 Grains." Obviously, a water that contains hardness cannot be 
considered a soft water and a water that contains 20 gpg ( 3-13 ppm ) is 
a water that would usually be considered as "very hard" or e\'en "ex
tremely hard." For instance, it. is about twenty times as hard as the 
water supply in Bos~on or the Catskill supply used in New York; about 
six times as hard as the water supply of Baltimore and about three times 
as hard as the water supplies in Cleveland, Chicago, and ~lilwaukee. 

Yet, on reading the item under the headlines, it developed that the well 
water supply previously used had a hard11ess of 60 to 70 gpg ( 102S to 
1200 ppm ). Quite naturally then, the reporter considered that any water 
having only one-third as much hardness as the hard water he was ac
customed to must be a soft water. This illustration is a rather extreme one 
and sounds absurd, but that is only because the hardnesses of the well 
waters in that town are so much higher than the hardnesses of the \vaters 
that most of us are accustomed to in daily use. For instance, there are 
over 650 municipal water-softening plants in North America, and the 
waters furnished by these plants are considered to be "soft" waters by 
millions of users. Yet, with the exception of a scant dozen or so, these 
plants invariably merely reduce the hardness. of the raw water to 85 ppm 
(5 gpg). 

Such "soft" waters, when used in laundries or similar washing processes, 
are so "hard" that they will waste from 35 to 45 per cent of the total 
soap used or, expressed in another way, as shown in Table 20, each 1000 
gallons will waste about 7½ pounds of pure soap. Therefore, while these 
waters are "soft" enough for most household uses and these municipalities 
are to be highly commended for reducing the hardness of the raw waters 
to this extent, these waters are too "hard" for the great majority of in
dustrial uses. 

NOTE: While the average consumption of water in municipalities is about 100 
gallons per capita per day, only some 1.2 gallons per capita per day reacts 
completely with soap. At first glance, this looks absurdly low but it must be 
considered that, when a person takes a bath, he does not use enough soap to 
raise a lather with all the water in the tub. Instead, he soaps portions of his 
anatomy only when out of the water and then rinses in the tub. Consequently, 
only a thin film of water reacts completely with the soap. The same obviously 
applies as well to shower baths or in washing in the wash bowl. On the other 
hand, in dish washing or in the washing machine, all of the water used in the 
sudsing operations completely reacts with the soap. Yet the cost of the soap 
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TABLE 21. IIARDSESS: V ARIATIOSS IN HARDNESS OF AG ROUP OF N1SETY-EIOHT RIVER 

WATERS OvE11 A OsE-YEAR PERIOD 

Hardnus u ppm C aCO, 

Name of River Sampled at or near 

I ( 111&1: , ) (min.) (a ver.) 

Alabama Sel ma, Ala. 67 28 45 
Alle1heny Kiltaoning, Pa. 90 26 47 
Arkan1u Arka.nsu C ity, Kana. 473 238 33G 
lli1 Dlue Manhattan, Kana. 2% 12!) 225 
Brazoa Waco, Ttu.o 652 176 381 

Cache Moundo, Ill. 141 H 73 
Cahaba Birmin&ham, Ala. H 21 43 
Cedar Cedar Rapid■, la. 267 87 186 
C hattahoochee I Well Point, Ca. 27 5 15 
Chikukia Arcoaia, Kaos. 2~1 105 20!) 

Chippewa Eau Claire, Wi1. 7S 82 52 
Cimarron Englewood, Kans. 453 283 3· -, J -
Clackamu Caudero, Ore. 29 12 19 
Colu mbia Cu cade Locks. w ... h. 67 41 57 
Columuia Northport. Wash. 76 SG G4 

Cottonwood Emporia, Kana. 475 200 Ji)J 
Crool<ed Prineville, Ore 149 46 I IU 
Cumberland Nashville. Tenn. 102 65 so 
Delaware Lambertville, N.J. 61 24 H 
De1chut.u Moody, Ore. 50 23 32 

-----Du ~loin~• Keoaauq ua, Ia, 406 116 231 
Embarru■ Charleston, Ill. 308 161 226 
Fall Neodesha, Kana. 279 156 222 
Flinl Albany, Ca. 4R 17 28 
Fo1 Otta••• 111. 360 200 28 1 --- --- --
Grand Grand Rapid■, M ich . 263 lti4 218 
Grande Ronde Elain, Ore. 67 20 31 
Hud1on Hudson. N.Y. 89 45 6!) 
llliaoi1 La Salle, Ill. 2i7 157 2 1.; 
lo•• Iowa City, la. I 267 84 103 

- ---
James Richmond, Va. 71 26 47 
Kalama zoo Kalama&oo, Mich. 260 125 2 12 
Kankakee Kanl<akee. Ill. 284 171 231 
K:.noa1 Holliday, Kana. 430 135 Z◄ !) 
Kukukia Carlyle, Ill. 255 IU5 200 

- ----Kentucky Frankfort, Ky. 94 38 68 
Klicl<itat Klickitat, Wash. 42 23 31 
which South Btrhlthtm, Pa. 105 20 5!) 
Marmaton Fort Scott, Kans. 272 180 239 
Maumee Toledo, 0 . 290 150 210 

Medicine Lode• Kiowa, Kau. 995 323 589 
Miami Dayton, 0 . 303 139 246 
Miuiuippi Memphis, Teno. 184 108 139 
Miui11ippl Minneapolia, ?-tiinn. 188 104 157 
Miuouri Kansu City, Kaa.o. 348 159 . 229 

M ononcabela Elisabeth, Pa. 57 26 30 
Muddy Murphyoboro, Ill. 222 41 112 
M u1kiagum Zanesville, 0 . 209 70 147 
Okanocaa Okaaoaaa, Wub. 103 40 72 
Ooalanula Rome, Ga. 118 27 41 

TABLE 21. HARDS ESS: VARIATIONS IN HARDNESS OF A GROUP OF NINETY-EIGHT n1V£8 

WATERS OVER A OsE-YEAR PERIOD (Continued) 

I 
Harda- u ppm CaCO, 

Name or River Sampled al or near 

(mu.) (mia.) (a.-.r.) 

Oeage Ooicourt. !\ans. 323 111 217 
Oowrg,.tchie O11d•nobur1<, S . Y . 58 32 H 
Pe11rl Jacksoa, Miu. 35 14 23 
1,eecJee Pttdot, S .C. 33 17 21 
l'latre Columbus , Nebr. 301 176 232 

l' l1>tt<, North I North Platt<. ~cbr. 201 134 JG~ 
l'oto mac C'umllerla ad, ~Id. li8 41 , 9 
Po\l,·der 1'orth l'o ,.·der, Ore. 116 59 85 
Haritan llounu Brook, N.J. 55 29 ~6 
llcd Shrcveporl , la, 770 06 :?53 

Republicn~ Junction, ){ans. 282 163 230 
Hock llock!ord, Ill. 282 127 215 
Rogue Tolo, Ore. 37 18 25 
Sacramento I Sacra mento, CaliL 81 40 GI 
Salina, Paso lloblos, CaliL 332 191 265 

Salud• Columbia, S.C. 40 20 26 
San Antonio Uradlty, C1>1il. 460 154 2H 
San C&briel .\zusa, CaliL 199 136 162 
Sangamon Decatu r, Ill. 34!) 1,9 2U 
S&n Joaquin Lathrop, C a liL 186 22 !>I 

S&nta Ana Coroaa, Cali!. 248 165 

I 
206 

Shennndoah ~lillville, W. Va. 137 57 114 
Silert Siletz, Ore. 33 

I 
8 15 

Ska11it Sedro Woolley, Wash. 42 18 

I 
27 

Smoky H ill Liadsbor1. K•'!•· 510 209 348 

Sn.ke Wtisor, Idaho 156 I G6 123 
Solo1uon Oeloil , Kana. 372 21 1 29ij 
Spokane Spokane, Wash. S9 

I 
22 43 

Spring Bax ler Sprinu , Kaas. 275 114 199 
Su1quehanoa Wesl Pittoton. Pa. 94 33 59 

Tcnne~ace Knoxville, T eon. 04 5.; ,3 
Tombi~b•e Epos, Ala . 60 35 52 
Umatilla Umerilla . Ore. 145 25 85 
U m pqua Elkton, Ore. 40 21 29 
Ventura Vtntura, Cali!. 449 3H 388 

Verdi~ris Coffeyville. Kans. 331 120 223 
Vermilion Stroator, Ill. 33; 202 2.'>7 
Wabo.oh Lo11ansport, Ind. 637 169 3~8 
Wab ash, Little Car mi, Ill. 160 46 Si 
Wallo.,.• Jootph, Ore. 46 33 H 

Walnut Winfield, Kans. 389 li8 299 
v.rat-eree CamdeD, S.C. 38 14 23 
\V onatcbt11 Cu hmere, Wash. 43 13 23 
White, E. Fork A,alia, fod. 305 IH ~-17 
White, W . Fork IodiaoapoliJ, lod, 391 190 304 
- · 
Willamette Salem, Ore. 28 12 19 
\\' iacooein Portaae, W i,c. 80 35 63 
Youghioceny J\lcK«eport, Pa. 200 47 86 
Yakima Pr011er, Wash. 150 39 6.S 
Yukon Aovik, Aluka 1.51 68 120 

I • ftii t :: :.::.J •. t ... •P•~~-•*· ., .. 'i\ - . #4 
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wasted by this approximately 1 per cent of hard raw water is so large that it is 
some two to three times as great as the cost of the chemicals used in softening 
all of the water. Therefore, when a municipality "softens" a raw water having 
a hardness of 200, 300, 400, 500 or more ppm down to 85 ppm, it not only 
furnishes a water that is quite suitable for most household uses, but it also cuts 
every citizen's soap bill down to a fraction of what it was with the raw water. 
In the aggregate, these soap savings are so large that in many cities they may 
be measured in hundreds of thousands of dollars per year. 

Therefore, it is obvious that instead of trying to classify water supplies 
by these exceedingly loose and indefinite terms, it is necessary to study 
the composition of each water in conjunction with the requirements for 
its various end uses. It is also necessary to know what variations in 
composition are to be expected. 

In Chapter l, it was stated that the composition of a river water is 
subject to fluctuations over a rather wide range. The ranges of hardness, 
over a one-year period, of the ninety-eight river waters in Table 4 of 
Chapter l, are given in Table 21. An inspection of these analyses will 
show that in some of these rivers, the maximum hardness is a scant third 
higher than the minimum hardness, while in others the maximum hard
ness may be as much as 8½ times the minimum hardness. Expressed in 
another way, the smallest difference between minimum and maximum 
hardness is 13 ppm (0.8 gpg); the greatest is 683 ppm ( 40 gpg ). 

As these analyses were not made daily but were instead made every 
10 days on composite samples, there may have been even greater varia
tions than shown. In any event, this table clearly indicates the advisability 
of collecting as complete analytical data as possible regarding the 
changes in composition of any river water intended to furnish the waler 
supply for an industrial plant. Temperature measurements are also im
portant, especially if the river water is also to be used for cooling pur
poses. This last feature is more fully discussed in Chapter 7. 

Surface waters from very large lakes, however, are usually quite con
stant in composition, as shown by the curves in Figure 14, although 
temperature variations will be encountered. Some small lakes, ponds, 
and reservoirs may show considerable seasonal variations in composition, 
but these, owing to the ironing out effect of their volume, are usually 
much less abrupt in their changes than is the case with river waters. 
Others show but small ranges in composition. 

A ground water supply, especially if drawn from a deep well, usually 
shows but slight fluctuations in composition. Such well waters, also, are 
remarkably constant in temperature throughout the year. Many shallow 
wells likewise show but small ranges in composition, while others vary 
over a wider range. Well waters, especially shallow ones, may be con
taminated by industrial wastes. In one case, two large shallow wells 
showed slight acidities at times, due to trade wastes dumped in a dis• 
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posal pit some 600 feet away. In another case, wells near a small stream 
carrying acid wastes showed an appreciable content of ferrous sulfate, 
aluminum sulfate, and sulfuric acid, as well as variations in hardness. 

Water Softening. The processes whereby the hardness of a water is 
reduced or removed are known as water softening. The various water
softening processes and the chapters in which they are described are: 
( 1) zeolite ( sodium cation•«change) water-softening process-Chapter 
13; ( 2) hydrogen cation-exchange process-Chapter 14; ( 3) ion-exchange 
demineratizing process-Chapter 15; ( 4) distillation-Chapter 15; ( 5) 
cold lime-soda water-softening processes-Chapter 16; and (6) hot lime-

soda water-softening process-Chapter 17. 
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Fl9ur• \ 4 . Hardn•II curvH of four of the Great Lak•• onr a one-y•o• 
period, ,howlng relatlwely con,tonl co111po11tlon. 

A-Lah Erl• ot luflalo, N. Y. 
g-lah Michigan at St. lgnac•, Mich, 

c-Lak• Huron at Port Huron, Mich, 
1).-lak• Sup•rlor ot Sault SI•• Marl•, Mich, 

Sodium Salts The sodium salts that may occur in various natural water supplies are 
the sulfate, chloride, nitrate, bicarbonate, and, rarely, carbonate. As to the 
quantities present in dillerent fresh W>ter supplies, these vary over a wide 
range. For instance, in the analyses of the various river, Jake, spring, and 
well waters listed in Chapter l, the sodium salts range from as little as 
2 per cent to as much as 98 per cent of the total salts pres••~ the average 

\ 

figure being 2.5 per cent. These sodium salts are extremely soluble in either cold or hot water, as 
is shown in Table 22 ( which also includes the hydroxide). Owing to 
these high solubilities, the sodium salts do not form scales, either on 
heating or on evaporating in the steam boiler, unless the evaporation iJ 
canied out to undue lengths. Also they do not waste soaps since the 
soaps that are most widely employed are sodium salts of certain of the 



• :- ABLt; I.I. . :jODIU.\I ::>ALTS: SOLUBILITIES OF SODIU.\l DICARBONATE, CARBOSATE, 

CHLORIDE, HYDROXIDE, N ITRATE ASO SULFATE 

SolubUity .,. ppm or CaCO, 
Name formula 

(at 32°FJ (at 212°f) 
---
Soclium bico.rbono.te NaHCO, 38-100 decomposes Soclium c:irbonatc l\a,CO, 62600 28!)000 Sodium ch loride N:iCI 225000 241000 Sodium hydroxide :\'aO H 370000 !)75000 Soclium nitrate l\"aNO, 248000 378000 Sodium sulfate No.,SO, 33200 2!>8000 
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higher fatty acids; there is no reaction between the sodium salts in water 
and soap. 

NOTE: Strong solutions of sodium salts will throw soap out of solution, this 
effect being known as "salting out." The composition of the soap is unaltered 
by "salting out" and it can be redissolved either in fresh water or by diluting 
the saline solution. 

Therefore, for many industrial uses moderate amounts of sodium salts 
in the water supply are of little or no importance. They do increase the 
amount of blowdown on the steam boiler, and if much sodium bicarbon
ate is present, it may be advisable to remove it or to neutralize most of it 
with sulfuric acid and then to aerate or degasify the acid-treated water 
before feeding it to the boiler, in order to reduce the free carbon dioxide 
content of the steam. 

Sodium bicarbonate also has a yellowing effect on clothes laundered 
in water containing it, owing to the formation of an oxycellulose when the 
bicarbonate concentrates under the heat of the iron. The effect is very 
marked when the sodium bicarbonate alkalinity exceeds 200 ppm; is 
noticeable above 100 ppm but is unobjectionable below 60 ppm, all 
expressed as CaCOJ, 

In Table 23 are given the analyses of a number of natural water sup
plies that are high in sodium alkalinity. Most of these are well waters and 
many of them have a remarkably low hardness. Similar waters have been 
obtained under known deposits of glauconite (greensand) and it is quite 
possible that many of these low hardnesses are due to the softening action 

' of zeolite deposits on pocketed or extremely slowly moving ground water. 
Sodium salts are objectionable in the processing or manufacture of 

1 

certain cellulose products, dielectrics, fine drugs and chemicals, synthetic 
1 

rubber, plastics, photographic materials, silver-plated ware and many 
other materials. High sodium alkalinity waters are often objectionable in 
high-pressure steam boilers, laundries and textile plants. Formerly, dis-
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tillation was the only process known for removing soc:ium salts from 
water. Now sodium bicarbonate may be removed by hydrogen zeoli te 
and the sulfate, chloride, or nitrate by a combination treatment with 
hydrogen zeolite followed by treatment with an anion exchanger or acid 
absorbent. The processes for removing sodium salts are described in the 
following chapters : hydrogen cation-exchange process in Chapter 14, 
ion-exchange demineralizing process in Chapter 15, and d istillation in 
Chapter 15. 

Silica 
Silica, in amounts ranging from a fraction of 1 ppm to over 100 ppm, 

is found in all natural water supplies. In the analyses of rain, hail , .and 
snow, listed in Chapter 1, the silica contents range from 0.1 ppm to 2.8 
ppm. In the analyses of various surface and ground waters, listed in the 
same chapter, the silica contents range from 1 ppm to 107 ppm. Tabl? 
24 shows the maximum, minimum, and average silica contents of a group 
of ninety-eight rivers over a one-year period. It will be noted that these 
vary over a wide range, the maximum figure ranging from two to forty 
times the minimum figure. 

The above refers to the soluble silica content and not to the silica 
which may be present in the suspended matter. Suspended matter may be 
removed from a water supply by coagulation and filtration, but these 
processes have little effect in reducing the soluble silica content. 

Silica is particularly objectionable in modern high-pressure boilers, 
where it has pronounced scale-forming tendencies. If calcium hardness 
is present in the boiler salines, the scale formed may be a calcium silicate; 
if soluble alumina is present, an aluminosilicate scale, such as analcite, 
may be formed; and under other conditions, the scale may consist almost 
entirely of silica. These silica scales are usually very hard, glassy, ad
herent, and difficult to remove. Their thermal conductivities are usually 
very low and tube failures of ten occur with even very thin silica scales. 
Silica is frequently carried over with the steam, forming scale in super
heater tubes and on turbine blades. While this action is usually ascribed 
to mechanical carryover, there is another explanation that has been ad
vanced, namely, that the silica is soluble to a certain extent in high-pres
sure steam. 

In low and moderate pressure steam boilers, sil ica scale can usually be 
avoided by maintaining a small excess of phosphate and a ratio of al
kalinity to silica of at least 1: 1 in the boiler salines. In boilers operated 
at 600 psi or over, treatment of the make-up water to reduce its silica 
content is frequently necessary. In fact, many engineers recommend that 
the silica content of the boiler salines ..should be below 60 ppm and, in 
certain cases, even as low as 15 ppm. This is not only to prevent scale in 
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Figure 38. Approximate temperature of water from nonthermal wells at depths of 30 to 60 feet. 
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similar decrease of range with depth in North Dakota ...• From a study of 
over 3,000 records of temperature of ground water, C. E. Van Ostrand has 
computed that under normal conditions the temperature of ground water 
obtained at a depth of 30 to 60 feet will generally exceed by 2• or 3" the 
mean annual air temperature. In exceptional localities the excess may amount 
to 5" or 6°. In southern California it may reach 10•. 

"After careful examination of the available data relating to increase of earth 
temperature with depth, a committee of the British Association for the Ad
vancement of Science adopted as the most probable average _rate an increase 
of 1 "F for each 64 feet of depth.' On this basis, water from a depth of 6-W 
feet would have a uniform temperature of l0"F above the temperature at 30 
or 60 feet. At 200 f~et the increase would only be 3 •. N 

Surface Wa ters. Surface waters are usually subject to large seasonal 
variations in temperature. In general, with rivers of the United States the 
difference bet\\'een winter minimum and summer maximum water temp• 
eratures will range from 30 to even as much as G0°F. \Vinter temperatures 
of 33 to 3G°F are common with river waters O\'Cr much of the country, 
and summer temperatures of 75 to 80°F are common and may exceed 
85°F. Lakes, ponds, and reservoirs are also subject to seasonal variations 
in temperature which are particularly wide in range in the shallower 
waters. 

Seawater. At locations where seawater is available, the amounts ob
tainable are obviously dependent only on the size of intakes, pipe lines, 
and pumps. Therefore, it is used only once through and then discharged 
to waste. The annual temperature variations encountered in various loca
tions may cover a range as low as 11 ° to slightly over 50°F. Location and 
depth of intake, whether in a bay or fronting the open ocean, currents, 
etc., will affect the temperature. Minimum winter temperatures may be as 
low as a couple of degrees Fahrenheit below the freezing point of fresh 
water and maximum summer temperatures may el\Ceed 80°F. 

Scale a nd Deposits in Cool ing Systems 

Cooling systems may become clogged with ( 1) scale, ( 2) corrosion de
posits, ( 3) sediment, and ( 4) organic growths. 

Scale. The principal scale-forming material in cooling systems is 
calcium carbonate formed by the decomposition of calcium bicarbonate 
into calcium carbonate, carbon dioxide, and water, as shown in the fol
lowing reaction: 

Ca(HCO,), .:::t CaCO, +CO,+ H,O 

In water free from carbon dioxide, calcium carbonate has a very low 
solubility-about 15 ppm at 32°F and about 13 ppm at 212° or less than 

• British Assoc. Adv. Sci. Rept., Fifty-second Meeting, p. 88, 1882. 
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1 gpg. In water saturated at atmospheric pressure with carbon dioxide 
at 32°F, 1620 ppm of CaCO3 (94½ gpg) will dissolve, forming calcium 
bicarbonate. If this water were boiled for a sufficient length of time, the 
calcium bicarbonate would decompose to calcium carbonate; the carbon 
dioxide would all be driven off, and since the solubility of calcium car
bonate is only 13 ppm at 212°F, the amount of calcium carbonate de
posited would be 1620 - 13 = 1607 ppm (93.7 gpg), which is equivalent 
to 6.7 tons of scale and sludge per million gallons. Cooling waters, how
ever, are not saturated with carbon dioxide, do not contain 1620 ppm of 
calcium alkalinity, and are not heated to the boiling point. Very few cool
ing waters will have calcium alk::ilinities of more than one-fourth of this 
maximum figure of 1620 ppm and most cooling waters would have cal
cium alkalinities under 300 ppm. The amounts of scale that such waters 
can form in cooling systems are, however, very large and very trouble
some e \'en though they never reach, fortunately, more than a fraction of 
this 6.7 tons per million gallons. 

With any specific content of free carbon dioxide there is an equilibrium 
at each temperature, which establishes the maximum amount of calcium 
bic:i.rbonate that can be held in solution. Raising this temperature de
creases this maximum solubility, the above reaction proceeding toward 
the right until the equilibrium for the new temperature is reached. 
From this, it is apparent that with certain waters high in calcium bi
carbonate content and low in free carbon dioxide, even a very slight 
elevation in temperature may be sufficient to form scale. 

NOTE: In tropical or semi-trofical climates, scale formation may occur in the 
cold-water mains. A section o a 4-inch cold-water main, sent to the author 
from Haiti, was clogged to approximately a 2-inch effective diameter by 
calcium carbonate scale. In this case, the source of the water was limestone 
springs in the mountains and the elevation in temperature on flowing through 
the mains was sufficient to cause this heavy scale formation. 

The Langelier index ( or calcium carbonate saturation index) is of 
value in predicting the scale-forming tendencies of a cooling water. In 
order to calculate the index it is necessary to have ( 1) the methyl orange 
alkalinity, ( 2) the calcium hardness, ( 3) the total solids (approximately), 
( 4) the pH value and ( 5) the temperature to which the water will be 
raised. From these, by using the formulae in Table 70, it is possible to 
calculate the index and predict the tendencies of a cooling water. These 
tables were calculated and arranged by the author for field use by non
technical men and will be found simple, rapid, and accurate enough for 
all practical purposes. In calculating these, the residue-temperature ad
justments of Larson and Buswell were taken into consideration. Figures 
have been rounded off to tenths, which are more accurate than required 
for cooling purposes. 

( 
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TABLE 70. DATA P'OR RAPI D C ALC'ULATI01'S O Y THE LA1'GELIER lNPEX (CALCIUll 

CARBONATE SATt:RATION lsoEX) 
!Based on the Langelier formula, Larson-Buswell residue, temperature adjustmenta ; 

arranged by Nordell] 
A C 

Total Solidi I ,I CAicium Hard neH I C (ppm) (ppm ol C aCO,) 

- - - -
50- 300 I 0 .1 JO- 11 0 .6 

400-1000 0 .2 12- 13 0 .7 
14- 17 0 .8 

• 18- 22 0 .9 
23- 27 1.0 

Tem ~ r:lture B 28- 34 1.1 <•F) 
35- 43 1.2 

32- 34 2.6 44- 55 1.3 
36- 42 2.5 56- G9 1.4 
44- 48 2.4 70- 87 1.5 
50- 56 2.3 88- 110 1.6 
58- G2 2.2 111- 138 1. 7 
G4- 70 2. 1 · 13!)- 174 1.S 
i2- 80 2.0 175- 220 1. 9 
82- 88 1.9 230- 270 2.0 
90- 98 1.8 280- 340 2.1 

100-110 1. 7 350- 430 2.2 
112-122 1.6 440- 550 2.3 
124-132 1.5 51i0- 600 2 .4 
134-14G 1.4 700- 870 2.5 
148-160 1.3 880-1000 2 .6 
Hl2- l 78 I J. 2 

(1) Uhtain vnlues of A, 8, C and D from above table. 
(2) pH, - (9.3 + A + B) - (C + D). 
(3) Saturation index - pH - pH,. 

D 

M . 0 . Alkalinity 
(ppm ol CaCO, ) 

10- 11 
12- 13 
14- 17 
18- 22 
23- 27 
28- 35 
3~ 44 
4~ 55 
56- 69 
70- 88 
89- 110 

111- 139 
140- 176 
177-· 220 
230- 270 
280- 350 
360- 440 
450- 550 
560- 690 
700- 880 
890-1000 

If inclcx is 0, water is in chemical hnlance. 
H inrfox is a plus qunntity, scale-forming tcndc-ncies are indicated. 
Ir indc-x is n minus quantity, corrosive tendencies are indicated. 

I n 

1.0 
I . l 
1.2 
1.3 
1.4 
1.5 
1.6 
1. j 
1. s 
I. 9 
2.0 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
3 .0 

In using the index, a modicum of common sense and practicality are 
necessary, for the calculated indices are not quantitative, and since the 
cooling water runs rather rapidly through a cooling system, there is no 
ass.urance that calculated equilibria, even if they could be calculated with 
hair-splitting accuracy, would be reached. In practice, what is done is to 
use the index as a basis in calculating the treatment required. Then re• 
movable lengths of pipe or metal inserts are placed at stra tegic points and 
the results are watched. If scale formation is still too heavy, the treatment 
is adjusted to give a somewhat lower index. If undue corrosion occurs, 
the treatment is adjusted to give a somewhat higher index. 

'l\'OTE: A further extension of Langelier's work may be found in the Journal 
of the American Water W orks Association, 38 ( 1946 ) pp. 169-178, "Chemical 
Equilibria in Water Treatment" and pp. 179-185, "Effect of Temperature on 
the pH of Natural Waters." 
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16. COLD LIME-SODA WATER
SOFTENING PROCESSES 

THE .\RT of water softening is only a little over a century old, dating 
back to 1841 when a Scottish Professor of Chemistry in Aberdeen Uni
versit:·, Thomas Clark, was granted a patent on "A New Moµe of Ren
dering Certain Waters ( including the Thames) Less Impure and Less 
Hard, for the Supply and Use of Manufactories, Villages, Towns and 
Cities." Clark's method was to add lime to the water, thus reduc'ing the 
bicarbonate hardness by precipitation of the calcium alkalinity as calcium 
carbonate and the magnesium alkalinity as magnesium hydroxide, the 
added lime being also precipitated as calcium carbonate. 

The precipitates were then settled out by plain subsidence and the 
settled water was either used without further treatment or filtered before 
use. Clark's process reduced only the bicarbonate hardness, but later 
John Henderson Porter used soda ash in addition to lime, thus reducing 
the noncarbonate as well as the bicarbonate hardness. This method of 
softening water was formerly known as the Porter-Clark process but is 
now more commonly known as tpe cold lime-soda process. Clark also 
established calcium carbonate ( in grains per imperial gallon) as the unit 
of hardness, defining this as follows : "Each degree of hardness is as much 
as a grain of chalk, or the lime or the calcium in a grain of chalk, would 
produce in a gallon of water, by whatever means dissolved." 

NOTE: As noted by M. N. Baker in "The Quest for Pure Water" (The American 
Water Works Association, 1948) , a book which the author heartily recommends 
for its wealth of historical data, it had been known for at least a century before 
Clark's invention, that alkaline salts would soften water. Baker cites Dr. Peter 
Shaw (1730). Dr. Francis Home (1756), Dr. John Rutty (1758), Henry 
Cavendish (1765), Thomas Henry (1781), Edmund Davy (1818), and 
Abraham Booth ( 1830) as earlier investigators. 

Principles of Operation 

In Table 10!$, the solubilities of the bicarbonates, carbonates, chlorides, 
hydroxides, and sulfates of calcium, magnesium, and sodium, in terms 
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of their calcium carbonate equivalents and in ppm and gpg at 32 and 
212°F, are given. It will be noted that all the sodium compounds are ex
tremely soluble and that the compounds of calcium and magnesium 
having the lowest solubilities are calcium carbonate and magnesium 
hydroxide, which explains why, in the lime-soda processes, the calcium 
is precipitated as the carbonate and the magnesium as the hydroxide. 

TAB LE 105. SOl.URILITIES OF CALCI U) I, '.\fAGSESI U)I AND S ODIU )t BICARBOSATES, 

C ARBO:-.ATES, C HLORI DES, HYDROXIDES AND SU LFATES 

(ppm of CaCO,) I (1p1 or CaCO,l 

Name Formul• 

., 32•r a, 212• F ., 32• F I ., 212• F 

Calcium bicarbonate Ca(HC01)s 1620 decomp. 94 .5 decomp. 
Calcium carbonate CaCO, 15 13 0 .9 0 .8 
Calc ium chloride Ca Cls 336000 554000 19600 32300 
Calcium hydrox ide Ca (OH), 2390 888 139 51.8 
Calcium sulfate CaSO, 1290 1250 75 .3 ' 72 .9 

;\fngnesium bicarbonate l\fg(HCO,), 37100 d ecomp. 2l i 0 decomp. 
Magnesium carbonate !\lg CO, 101 75 5.9 4 .4 
:\lngnesium chloride l\fgCI, 362000 443000 21100 25900 
'.\fngnesium hydroxide l\lg(OH)s 17 8 1.0 0.5 
:\fagnesium sulfate l\fgSO, 170000 356000 9920 20800 

Sodium bicarbona te NaHCOs 38i00 decomp. 22(i(l decomp. 
Sodium carbonate Na,CO, 61400 290000 3580 1G900 
Sodium chloride NaCl 225000 243000 13100 14200 
Sodium hydroxide NaOH 3i0000 970000 14200 56900 
Sodium sulfate Na,SO, 33600 210000 1970 12300 

.. 

Calcium, Magnesium, and Sodium Alkalinities. Although the salts in 
such a dilute solution as water do not exist as such but as ions, it is con
venient to picture the bicarbonate radical as bound first to the calcium 
and second to the magnesium, for this is the order in which precipitation 
occurs when lime is added to water containing these bicarbonates. That 
is, calcium carbonate, owing to its low solubility, would first be precipi
tated. Magnesium carbonate, being roughly about six times as soluble, 
would not precipitate as the carbonate except for the amount exceeding 
its solubility. But on continued addition of lime, magnesium hydroxide, 
which has a very low solubility, would be precipitated next. The sodium 
salts are all extremely soluble. 

Therefore, on inspection of a water analysis, the alkalinity is first calcu
lated as being bound to the calcium and is called "calcium alkalinity." If 
there is any alkalinity left over, it is calculated as being bound to magne
sium and is termed "magnesium alkalinity." With a relatively small num
ber of natural waters, an excess of alkalinity may be present above the 
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or "negative Alk. C." is below - 10 ppm, the dosage of lime should be 
increased, and if above zero, it should be decreased. 

NOT£: The term "negative Alk. C ." or "negative caustic alkalinity" is probably 
peculiar to the water-softening industry. It is based on the following equation 
rielding a negative result : 

(2 X ,Pitt. Alk .) - i\l.O. Alk. = .-\lk. C. 

For instance, if the effluent has a M.O. Alk. of 30 and a Pht. Alk. of 18, it has 
G ppm of Alk. C. ?r a positive quantity as: 

1 

(2 X 18 ppm) - 30 ppm = G ppm .-\lk. C. 

llowc\·er, if the effiuent has a M.O. Alk. of 30 and a Pht. Alk. of say 13, it 
would be said to have 4 ppm of negative Alk. C., according to the following : 

(2 X 13 ppm) - 30 pp111 = -4 ppm Alk . C. 

lime and Gypsum Treatment. If the raw water contains sodium 
bicarbonate, as is the case with a relatively small proportion of natural 
waters, the calculation for the lime dosage is carried out in the same 
way, but it is obvious that H - A would be a negative figure, thus 
indicating that no soda ash were needed except for the 0.25 lb per 1000 
gallons excess. In such cases, A - H will indicate the number of ppm of 
sodium bicarbonate ( expressed at CaCO3 ) present. In order to obtain 
this as pounds of Na 2CO 3 present after the lime treatment, the following 

equation may be used: 

.1 - H ll3 = lb Xa,CO 3 per 1000 gallons 

If this Na
2
CO

3 
figure is less than 0.25 lb per 1000 gallons, the deficiency 

may be made up by adding whatever fraction of a pound per 1000 gallons 
of soda ash would be required to make the proper excess. If the result 
obtained is much above this excess of about 0.25 lb per 1000 gallons, 
this excess may be reduced to the correct amount by adding the 
requisite amount of gypsum ( CaSO,·2H2O) , the reaction being as fol-

lows: 

Na2CO1 + CaSO, · 2H2O -t CaCO1 + N'a:SO, + 2H2O 

As l lb of Na
2
CO3 would require 1.62 lb of gypsum, the correction 

required, for instance, by a water which on lime treatment would yield 
0.45 lb of Na 2CO3, would be: 

(0.45 - 0.25) X l.62 .. 0.32 lb CaSO,·2H1O per 1000 gallons 

Phosphate, Treatment. If the hot lime-soda softened water is to have 
a supplementary treatment with phosphate, as is common practice in 
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treating feed waters for high-pressure boilers, the e,ccess M.O. alkalinity 
is usually lower than that given above and the caustic alkalinity is usually 
carried in the range of O to +10 ppm. Adjustment of the lime dosage is 
then made as follows: if the Alk.C. of the filtered effiuent is less than 0 
ppm, the dosage of lime is increased; whereas if the Alk.C. is more than 
10 ppm, the dosage of lime is decreased. The dosage of soda ash is con
sidered to be right if the total hardness ( H ) is in the range of 10 to 20 
ppm. If H is greater than 20 ppm, the dosage of soda ash is increased; 
if H is less than 10 ppm, the dosage of soda ash is decreased. 

As for the phosphate dosage, if the hardness ( H) of the filtered 
phosphate-tr~ated water is zero and the phosphate content is approxi
mately 5 ppm as PO., the dosage of phosphate is considered to be within 
the correct range. If H is not zero or if the PO. is less than 5 ppm, the 
phosphate dosage should be increased; if H is zero and the PO, is over 
5 ppm, the dosage of phosphate should be decreased. As here used, zero 
means that the total hardness is 2 ppm or less. 

The reactions occurring with hydrated lime and soda ash in the hot 
lime-soda process and also typical reactions for the phosphates and phos
phoric acid with the carbonates are given in Table 120. The phosphate 
reactions are wr.itten without including the water of crystallization. For 
the composition of the various phosphates, see the note under Table 66 
in Chapter 6. 

Dolomitic Lime or Magnesia. For the calculations of dolomitic lime 
or magnesia dosages for silica removal by the hot process, see Chapter 18. 

Hot Lime-Soda Water Softeners: Types and Designs 

Basically, hot lime-soda water softeners may be divided ·into two 
main types : (1) the sludge-blanket type and (2) the conventional type. 
Doth these types are available in a number of designs, depending on 
the degree of deaeration required, whether condensate as well as make-up 
should be handled ( and if so, what percentage of condensate), whether 
phosphate treatment is required, and whether silica removal is of im
portance. The sludge-blanket type is the newest type. It was designed 
primarily for silica removal, as the upward filtration through the sludge 
blanket uses the silica-removal properties of magnesia much more 
efficiently than the conventional type. Also, like the sludge-blanket type 
of cold lime-soda water softener, it utilizes the lime more efficiently and 
furnishes a clearer effluent. The sludge-blanket type of hot lime-soda 
water softener is illustrated and described in Chapter 18. 

The various forms or designs in which each of these types are available 
may be grouped as : (1) for 100 per cent make-up and reduction of dis
solved oxygen to less than 0.3 ml/liter; ( 2) for 100 per cent make-up 
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c:arbonate have increased the size of the catalyst. t.Iagnesium hydroxide, 
however, does not form adherent deposits, nor are coagulants of any 
value in making magnesium deposits adhere. The Spi.ractor process is 
•herefore largely limited to the removal of calcium. 

The detention period in the Spiractor is very much less than in any 
other type of equipment, as it is only eight to twelve minutes as com
pared with two to four hours for the conventional type and one hour for 
the sludge-blanket type. Also, since the by-product is a granular material 
which drains rapidly to less than 5 per cent of moisture, its disposal is a 
much simpler matter than that of the usual lime soda sludge, which is a 
pasty material containing about 90 per cent of water. 

In operating the Spiractor, the catalyst bed expands as the granules 
grow. Since, by the hydraulic grading effected in the equipment, the 
largest granules are in the bottom, removal of these is effected at periodic 
intervals by means of a quick-opening type of valve. It is also necessary 

Figur• 101 . Sp•nl spiractor catalyst granule, cul 
in half to show original part id• I center! and sur• 

rounding shells of calcium carbonate deposit,. Highly 
magnified. 

to add fresh catalyst to the bed from time to time. Roughly, the amount 
of new catalyst to be added is about 0.043 lb per 1000 gallons per 100 
ppm of calcium hardness removed. This figure varies slightly, depending 
on the amount of free CO, present and the amount of lime reacting 
with magnesium. 

In European practice, lime dissolvers are frequently used with the 
Spi.ractor, whereas in American practice, a lime slurry is fed. The chemi
cal feeders may be either of the wet or the dry type. Filters are usually 
required with the catalyst type of softening equipment; they may be 
either of the gravity or pressure type and the filter medium may be sand, 
anthrafilt, or calcite. In general, the catalyst type of lime-soda water 
softener is best adapted to the softening of water having a hardness com
posed mostly of calcium salts and a temperature above 50°F. Or, it is of 
·, alue lS a preliminary step preceding a sludge blanket or a conventional 
type of soften er. 

Intermittent or Batch -Process Type. Since this type of cold lime-soda 
water softener is now so seldom used, a very brief description will suffice. 
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A plant of this type generally consists of three units, and the operations 
are so staggered that, while the water and chemicals are being mixed in 
one unit, the next unit is settling and the effiuent from the third unit is 
being drawn off to service. 

The usual procedure in operating each unit was to ( 1) .611 the tank 
with water, ( 2) add weighed amounts of chemicals and stir thoroughly 
with a mechanical type of agitator, ( 3) allow sludge to settle, ( 4) draw 
olf effiuent, and ( 5) draw off sludge. Excellent results were obtainable 
when careful dosage and sufficient agitation time were allowed. This 
type of equipment has practically gone out of existence because of ( 1) 
higher cost of equipment, (2) greater space requirements, and (3) 
greater labor costs. 

Results with the Various Cold Lime-Soda (or Chemical-Precipita• 
tion) Processes 

In Table 105, the solubilities of calcium carbonate and magnesium 
hydroxide ( in terms of CaCO3 equivalents) in distilled water, free from 

Approximate pH value, 
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Figure 102. Calcium carbonate residuals. GuaranlHd 111011lma. 

carbon dioxide, are given. In Figures 102 and 103 the guaranteed removal 
results for these substances in the cold lime-soda processes are in the 
form of curves at various alkalinities, It will be noted that the guaran-
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usually mounted at fioor level to afford the required positive head and 
prevent Hashing on the suction sides of the pumps. The required height 
of the water level in the settling tank is determined beforehand from 
the number of feet of head on the suction side of the service pump, 
specified by the manufacturer, plus some 13 to 15 feet of head to take 
care of friction losses through the filter bed and piping. 
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Fleur• 108. Filter. One unit of a battery, cut away to ,how Interior con1trvctlon anti rotary 
1urfac• washer. 

Chemicals: Reactions and Dosages 

Lime and Soda Ash. The principal chemicals used in the hot process 
are (1) hydrated or chemical lime and (2) soda ash. Hydrated lime 
of good, average commercial quality will contain approximately 93 per 
cent of Ca{OH),. Chemical lime of good, average commercial quality 
will contain approximately 90 per cent of CaO; it should be slaked 
before use. Soda ash of good, average commercial quality will contain 
about 99 per cent of Na2CO1 and 98 per cent is usually assumed as its 
purity in making calculations. lo practice, the dosages of chemicals re
quired are usually calculated roughly from the above assumptions of 
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purity and final adjustments in dosages are made according to measure
ments of the methyl orange alkalinity ( ~LO. Alk. ) and phenolphthalein 
alkalinity ( Pht. Alk.) of the filtered effiuent from the hot-process softener. 

Th,, approximate dosages of commercial chemicals are calculated as 
follo\l s : 

When A= alkalinity as ppm CaCOJ 
Mg= magnesium hardness as ppm CaCO, 

H = total hardness as ppm CaCO3 

Hydrated Li,'!e (93~ Ca(OH) 2 ). The number of pounds per 1000 
· A+ ~Ig 

gallons of water treated = -
15

-
1 

- • 

( Or, if chemical lime ( 90~ CaO ) is used, the number of pounds per 
A+ ~lg 1000 gallons of water treated = - -·- . ) 

19:3 
Soda Ash (9Bi Na2COJ). The number of pounds per 1000 gallons of 

water treated = H - A + required excess ( usually 0.25 lb). See Figure 
111 

109 for effect of excess so<la ash in depressing the hardness. 
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Figure 109. Hot li111e-1odo el!luent hardness curves. Broken 
line thow1 guaranlHcl rHuh,. Solid line 1how1 actual operol• 
Ing re1ult1. 

If the water is not to be treated further with phosphate, the final ad
justments of the chemical dosages are made so t_hat the range of meth~·l 
orange alkalinity ( M.O. Alk.) in the filtered effluent should be from 20 
to 30 ppm, expressed as CaCOJ, and the caustic alkalinity should range 
from O to -10 ppm, expressed as CaCOl• If the M.O. Alk. is below !!0 
ppm, the dosage of soda ash should be increased; and if above 30 ppm, 
it should be decreased. If the so-called .. negative caustic alkalinity" 
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TABLE 126. BICARJIONATES: ANION AND CATIONS CONVERSION FACTORS T.uiLE 131. SULFATE& : ANION AND CAnoNa CoNVER&ION FAcroM 

To To Multiply To To 
Mulliply 

Conver&. by Convert by 
To 

To , Mullipl:, To To 
)fulliply 

Conyer! by Co11....-i by 

HCO, Ca(HCO,)a 1.33 Bicarbonat.ea Ca(HCO,), HCO, 0 .753 
HCO, Mg(HCO,)a 1.20 anion Mg(HCO,i, HCO, 0.834 
HCO, NaHCO, 1.38 and NaHCO, HCO, 0 .726 
Ca Ca(HCO,)a 4.05 auion, Ca(HCO,)a Ca 0 .247 
Mg Mg(HCO,)a 6 .02 Mg(HCO,h Mg 0 . 166 
Na NaHCO, 3.65 NaHCO, Na 0 .274 

--
so. Caso. 1.42 Sulfates Caso. so, 0 .706 
so. MgSO. 1.25 anion Mgso. so. 0. 798 

ti so. Na,SO. 1.48 and Na,SO. so, 0.676 
Ca Caso. 3.40 cation• CaSO, Ca 0.294 
Mg MgSO, 4.95 MgSO, Mg 0.202 
Na Na,SO, 3 .09 Na,SO, Na 0 .324 

TABLE 127. CAJUIONATES: ANION AND CATJONB CONVERSION FACTORS 
TABLE 132. CARBON D10:xio!)-CARBONAna Coi,-v:r:11a10N FAcrou 

.-. 
1:: 

To To 
Multiply To To Multiply 

Con•ert by Convert by 

co. CaCO, 1.67 Carbonatea CaCO, co, 0 .600 
co, MgCO, 1.41 anion ~gCp, co, 0.712 
co, Na,CO, 1.77 and Na,CO, co, 0.566 
Ca CaCO, 2.50 cation, CaCO, Ca 0.400 
Mg MgCO, 3.47 MgCO, Mg 0 .288 
Na Na,CO, 2.30 Na,CO, Na 0 .434 

f' 

To Convert Multiply Reacliona To Connrt Multiply 
CO, to by (to lorm cubonaleo) to CO, by ---

Cn(OH)a 1.68 Ca(OH). + CO,-+ CaCO, + H,O Ca(OH)a 0.594 
CnO' 1.28 CaO + CO,-+ CaCO, CaO 0.765 
Mg(OH), 1.33 Mg(OH), + CO,-+ MgCO, + H1O l\Ig(OH), 0.754 
MgO 0.916 MgO + CO,-+ MgCO, MgO 1.09 
NaOH 1.82 2NaOH + CO,-+ Na,CO, + H,O NaOH 0.550 
Na,O 1.41 Na,O + CO,-+ Na,CO, Na,O 0.710 

TABLE 128. CuLORIDEs: ANION AND CATJONB Coi,-vz:RS10N FACTORS r 
To To 

Multiply To To 
Multipl:, 

Connrt by Connn by 

Cl CaCJ. 1.57 Chlorides CaCl, Cl 0.639 
Cl MgCI. 1.34 anion MgCla Cl 0 .745 
Ci NaCl 1.65 and NaCl Cl 0.607 
Ca CaCI, 2 .77 cation, CaCla Ca 0.361 
Mg MgCI, 3.92 MgCI, Mg 0.255 
Na NaCl 2.54 NaCl Nt. 0.393 

TABLE 129. HYDROXIDES: ANION AND CATIONS CONVERSION FACTORS 

To To Multiply To To 
Mulliply 

Connrt by Convert by 

TABLE 133. CAJIBON D10X10!)-B1cABBONATE1S CONVERSION FAcroRS 

To Convert Multiply Reactio111 To Con~,n Multiply 
CO, to by (to rorm Bicarbonateo) to CO, by --- --

CaCO, 2.27 CaCO, + CO, + H,O-+ Ca(HCO,)a CaCO, 0.440 
Ca(OH), 0.842 Ca(OH), + 2CO,-+ Ca(HCO,), Ca(OH)a 1.19 
CaO 0 . 637 CaO + 2CO, + H2O-+ Ca(HCO,)a Cao 1.57 
MgCO, 1.92 MgCO, + CO, + H,O-+ Mg(HCO,). MgCO, 0.522 
Mg(OH)a 0.663 Mg(QH), + 2CO,-+ Mg(HCO,), Mg(OH), 1.51 
MgO 0 .458 MgO + 2CO1 + H,O ..... Mg(HCO,), l\fgO 2.18 
Na,CO, 2.41 Na2CO, + CO1 + H2O-+ 2NaHCO, Na,CO, 0.415 
NaOH 0 .909 NaOH + CO,-+ NaHCO, NaOH 1.10 
Na,0 0.704 Na1O + 2CO, + H,O-+ 2NaHCO, Na,O 1.42 

---
OH Ca(OH)a 2.18 Hydro~idea Ca(OH)a OH 0.459 
OH Mg(OH)a 1.72 anion Mg(OH). OH 0.583 
OH NaOH 2.35 and NaOH OH 0.425 
Ca Ca(OH)a 1.85 cation• Ca(OH)a Ca 0.541 
Mg Mg(OH), 2.40 Mg(OH), Mg 0.417 
Na NaOH 1.74 NaOH Na 0.575 

TABLE 130. NITJIATEs: ANION AND CATJONB CoNVERSION FACTORS 

To To 
Multiply To To 

Mullipl:, 
Connrt b:, Convert by 

--- ---
NO, Ca(NO,h 1.32 Nitrat.ea Ca(NO,), NO, 0.756 
NO, Mg(NO,h 1.19 anion Mg(NO,)a NO, 0.838 
NO, NaNO, 1.37 and NaNO, NO, 0 .730 
Ca Ca(NO,h 4.10 calion• Ca(NO,). Ca 0.24-4 
Mg Mg(NO,), 6.10 Mg(NO,). Mg 0. 164 
Na Nt.NO, 3 .70 NaNO, Nt. 0 .271 

TABLE 134. HYDROCRLOR1c Ac1D CoNVERSION FAcroRs 

To Convert Multiply Reaclioo1 To Coovert MulliplJ 
HCl to by (to lorm Cblorideo) to BCI b1 ---- --

CaCO, 1.37 CaCO, + 2HCI-+ CaCl1 + H,O + CO, CaCO, 0 .729 
Ca(OH)a 1.02 Ca(OH), + 2HCI-+ CaCI, + 2HaO Ca(OH), 0.985 
Cao 0.769 CaO + 2HCI-+ CaCl1 + H 1O CaO 1.30 
CaCI. 1.52 . CaCJ, 0 .657 
MgCO, 1.16 MgCO, + 2HCI-+ MgCl1 + H,O + CO1 MgCO, 0.665 
Mg(OH)1 0.799 Mg(OH), + 2HCI-+ MgCI, + 2H1O Mg(OH)a 1.25 
MgO 0.552 MgO + 2HCI-+ MgCl1 + H1O MgO 1.81 
MgCl1 1.31 MgCl, 0.766 
Na,CO, 1.45 Na,CO, + 2HCI-+ 2NaCI + H,O + CO, Na,CO, 0.668 
NaOH 1.10 NaOH + HCI-+ NaCl + H,O NaOH 0.912 
Na,O 0.849 Na,O + 2HCl-+ 2NaCJ + H1O Na,O 1.18 
NaCl 1.60 NaCl 0.624 
Ci 0 .973 Cl 1.03 
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when the water is heated to the saturation 
temperature for the pressure imposed on the 
system. The remaining 5 to 10'/c of the 
initial oxygen content 1111ist hr rr111ovrd 
through 111olccular diffusion. In ri<l<lin~ lhc 
system of this last 5 to I 0% of the initial 
oxygen content, it is ob\'ious that the rapidity 
of oxygen removal will be a function of the 
heater design and also of the rapidity with 
which the surrounding atmosphere is changed 
and gases vented from the system. 

The practica l considerations involved in 
the removal of dissolved oxygen from boiler 
feed water may be briefly summarized as: 

Heating the water to the boiling tempera
ture for the pressure under which the 
process is conducted (saturation condi
tions). 
Providing a heater design that secures in
timate mixing of steam and water. 
Continuously venting from the system the 
mixture of gases and steam. 

REMOVAL 01' CARBON DIOXIDE ANO AM

MONIA. Unlike oxygen; carbon dioxide and 
ammonia do not obey H enry's Law because 
they unite chemically with waler. At elevated 
temperatures their deviation from Henry's 
Law decreases due to decreased chemical 
combination with the solvent. The mecha-
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nism of removal of these gases is primarily 
molecular diffusion rather than mechanical 
scparntion. 

Wlwn carhon dioxid,· is dis.'iOlvr·d in wat<·r 
it fon11s a relatively unstaule co111pound, car
bonic acid ( H,CO, ). This· acid ionizes into 
the bicarbonate radical (HCOa-) an<l the 
hydrogen ion (H + ). Further ionization of the 
bicarbonate radical takes place to fortll the 
carbonate radical ( CO a= ) and the hydrogen 
ion (H+) as illustrated. 

CO2 + H,O .=:± H2CO1 
carbon dioxide + water .=! carbonic acid 

H2CO1 P H+ + 
carbonic acid .=:± hydrogen ion + 

HCO1-
bicarbonate ion 

HCO1- .=:± co1- + 
bicarbonate ion .=:± carbonate ion + 

H+ 
hydrogen ion 

The hydrogen ion concentration or pH 
controls the distribution of carbon dioxide 
among these three fon11s. It is only in the 
form of carbonic acid ( H ,CO.) that a gas 
solution pressure is exerted and that carbon 
dioxide can be removed by deaeration. Fig
ure 20-1 illustrates the availability of carbon 
dioxide for remo\'al by deaeration and in
dicates it is at the more acid pH values that 
the most efficient removal of carbon dioxide 
can be obtained. 

When ammonia gas is dissolved in water, 
it forms an unstable compound, ammonium 
hydroxide ( NH,OH ). J\111111oniu111 hydroxide 
ionizes to fonn the a111111oniu111 ion· (NH. +) 
and the hydroxyl ion (OH-) as illustrated. 

NH1 + H2O .=:± NH4OH 
ammonia + water.=:± ammonium hydroxide 

NH.OH .=:± NH4 + + 
ammonium hydroxide + ammonium ion + 

OH-
hydroxyl ion 

The hydroxyl ion concentration controls 
the distribution of a111111onia between these 
two forrus. It is only in the form of ammo
nium hydroxidt: (NH,OH) that a gas solu
tion pressure is exerted and that ammonia 
can be removed by deaeration. Figure 20-2 
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necessary to employ certain factors of safety 
in interpreting these data. For example, the 
usual boiler water will contain a Yariety of 
salts in solution, tending- to alter the theo
retical solubilities illustrated. Specifically, in 
the case of calcium sulfate, an increase in the 
quantity of sodium sulfate present will lower 
the calcium sulfate solubility. 

Because of the high solubility of calcium 
sulfate as shown in Figure 22-3 it is rela
tively simple to introduce chemical treat
ment to the boiler water and, with proper 
control, to a,·oid deposition of calcium sul
fate scale. 

The use of sod i u Ill carbonate ( soda ash) 
was one of the first materials employed to 
prcn~nt calcium sulfate scale formation. As 
can be seen from Figure 22-3 calcium car
bonate is considerably 111orc insoluble than 
calcium sulfate and accordingly will he pref
erentially precipitated. However, calcium 
carbonate in itself can form a hard adherent 
deposit and is frequently found as a constit
uent of boilc-r scale. 

Calcium phosphate and calciu111 silicate 
are frequently deposited as boiler scale. Cal
ci11111 silicate may lw fnmu:cl ,·itlwr f ro111 tlu· 
combination of the calcium and silicate ions 
naturally present in the boiler f eedwater or 
as a result of the misguided use of sodium 
silicate as internal chemical treatment. Cal
cium phosphate, on the other hand, is in
variably the result of treatment of the boiler 
water by the use of the various phosphate 

salts co111111only e111ployc<l for this purpose. 
Jvfagncsiurn salts present in the boiler feed

water arc usually more easily prevented frorn 
forming scale than are the calcium salts. 
Nor111ally, the magnesium salts found in
corporated in boiler scale arc magnesium hy
droxide, magnesium silicate or magnesium 
phosphate. The latter salt, magnesium phos
phate, tends to form a very sticky deposit, 
not very hard in nature, but requiring tur
bining for its removal. 

SILICA 

As mentioned previously, calcium silicate de
posits may prove quite troublesome in boiler 
operation. However, another source of con
cern is the tendency for silica to form scales 
of a complex nature, which may or may not 
include calcium and magnesium in their 
structure. Particularly in combination with 
aluminum, silica tends to form complex 
scales which have be-en identified by X-ray 
diffraction methods. Formation of such com
plex deposits usually occurs in boilers oper
ating at the higher pressures and proper 
treatment of the boiler water requires the 
111aintcnance of both silica and aluminum 
concentrations at a minimum. Under such 
operating conditions, the prevention of com
plex silica scales is primarily a problem for 
external treatment. The maintenance of high 
phosphate and alkalinity concentrations in 
the boiler water is an aid in control of the 
problem, hut only limited silic~ concentra
tions can be controlled. Blowdown can be 
used to reduce silica concentrations to toler
able levels. 

The concern for silica is not always be
cause silica concentrations arc too high. In 
some cases, silica can be too low. This situ
ation occurs primarily with waters that con
tnin high 111;-ignesiu111 concrntrations and low 
silica values. In these special cases, magne
sium will tend to precipitate as magnesium 
phosphate which produces a sticky sludge. 
Precipitation in this form is aggravated when 
the f eedwater enters the boiler in a region of 
low alkalinity and pOQr circulation. Under 
these conditions, increasing the silica content 
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presented by oil conta111ination of the boiler 
water. While certain 111ethods of interna l 
treatment may slightly aggravate or slightly 
minimize the problem caused by oil, there is 
no method of internal treatment which can 
be rcliccl upon to cope with any appn·cial,lc 
oil contamination. Since the extent of the 
difficulties caused by oil arc more or less un
predictable, external removal of oil from the 
boiler fcedwater is the only safe policy. 

IDENTIFICATION OF SCALE DEPOSITS 

In addition to the 111icroscope and gravi
rnetric chemical analyses, a useful tool in 
idcntif ying boiler scale deposits is the X-ray 
diffraction method. Any material possessing 
a crystalline structure will yield a distinctive 
X-ray pattern which will always be the same 
and which can be compared with the pattern 
of standard materials on file. It is thus pos
:-;ible to identify complex chernical com
pounds and their individual crystalline struc-
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Fig. 22-4 
Crystalline Scale Constituents, Identified 

by X-ray Diffraction 

NAME 

Acmite 
Anolcite 
Anhydrite 
Arogonite 
Brucite 
Col cite 
Concrinite 
Hematite 
Hydroxyopotite 
Magnetite 
Nose lite 
Pectolite 
Ouorh: 
Serpentine 
Thenordite 
Wollostonite 
Xonotlite 

FORMULA 
..... -------

No20.Fe203.-4Si02 
No20.Al203.-4S i02.2H20 
CoS04 
CoC03 
Mg(OH)2 
CoC03 
-4No20.Co0.-4Al203.2C02.9Si02.JH20 
Fe203 
Co I o(OH)2(P04)6 
Fe304 
-4No20.JAl203.6Si02.S04 
No20 .-4Co0.6Si02.H20 
Si02 
3Mg0.2Si02.2H20 
No2S04 
CoSi03 
5Co0.5Si02.H20 

turc• whereas only the hypothetical structure 
could be ohtainc<l frolll the usual chemical 
analysis. 
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Figure 33-4--Typical Analysis of Scales 
From Open Recirculating Systems 

Source C.ndenMr, % Pipe Ceoler, % 

Calcium as Cao .... . .... ... -49.79 ........ . 39.85 
Magnes ium a, MgO . . . . . . . . . 2.42 . . . . . . . . . 2.20 
Iron a, Fe2OJ .............. 0.61 . . . . . . . . . 6.98 
Aluminum o , Al2O3 ..... . . .. 0.21 ...... . .. 0.52 
Carbonate 0 1 CO2 ...... . .. . 39.00 ... . ..... 30.20 
Sulfate as SO3 . . . . . . . . . . . . . 1.29 . . . . . . . . . 0.50 
Silica as SiO2 . . . . . . . . . . . . . . 0.15 . . . . . . . . . 3.85 
Lou an Ignition . . . . . . . . . . . . 6.05 . .. ...... 15.00 

At 2.0 cycles of concentration, the pHs 
is 7.3, equivalent to the circulating water 
pH. Stabili ty Index of 7.3 also indicates a 
non scaling condition. At two cycles of con
centration, calcium carbonate scale would not 
be expected. 

At 3.0 cycles of concentration, a positive 
Saturation Index of 1.5 is obtained and a 
Stability lndex of 5.3. These values indicate 
an appreciable tendency toward calcium car
bonate scale formation. It would not be safe 
to exceed 2.0 cycles of concentration with 
this water, without employing some form of 
treatment. With organic and inorganic sur
face acti\'e agents, it would be possible to 
maintain 3.0 cycles of concentration without 
calciu111 carbonate scale formation, but this 
concentration could not be tolerated without 
such treat111ent. 

Fig . 33-5-Circulating Water Analyses 

Circuletini Water Clrculetln1 Wettt 
et 2.0 ydn et 3.0 Cycln 

Total Hardneu o, CaCO3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 120 180 
Calcium as CoCO3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 100 150 
Mognuium 01 CaCO3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 20 30 
P Alkalinity 01 CaCO3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 0 10 
M Alkalinity 01 CaCOJ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 100 150 
Sulfate as SO4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -40 80 120 
Chloride as Cl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 20 30 
Silica as SiO2 5 10 15 

Aboff Hluea Ullf'Hlff In pplll 

pH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.0 7.3 8.3 
7.3 6.8 
0.0 + 1.5 

pHa (140FJ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.8 · 
Saturation Index . ... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.8 · 
Stability Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8.6 7.J 5.3 
Interpretation .. . .................................... Non scale farm ing Non scale form ing Scale forming 
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PHYSICAL CONSTANTS OF INORGANIC COMPOUNDS (continued) 

N■m,, 
Syn<1nym• ■nd 

Formulw 
M<>I. 
wt. 

<ll sulr■lc .... . .. .. .... CdSO, ... . ...•.... 20K.47 
tl6 ,ulr11c, hydrate . ...... CdSO,·H1O ....•.... 111\.4R 
ti! sulfate, hydralc ... . ... CdSO,·7H1O ........ JJ4.57 
tlJ sulfate hydrate . . ...... 3CdSO, ·RH1O ..... , .. 7"9.53 
1.19 sulfide . . , . ........ Nal. ,=nockirc, CdS ... 144 47 

CdSO, . . . . . . . • . . . . 192.47 
<iii ianrarc , ..• • . .• .. . . CdC ,H,O, .....• . . . . 2M.4R 
tiil 1clluridc .. ...... . .. . CdTc . ........ ... . 240.0 I 
Iii) lllnJSlalc . • .. .. , . , .. CdWO, . . . . . . . . . . . .'60.26 

Cadmium compl••~ . . . . ............. . . . 
<fl4 ietramminec■dmium ICd)NH,l,J!RcO,11 ..... NI0 94 

l"'rThcnarc ...... . .. 
<65 1c1rapyridinc ICd(C~H.,Nl,JSoF0 • .••• 570.R'I 

c■dmiumnuosilica1c .. . . 
~ C■ld■m . . . ........ Ca . . . . . . . . . . . . . . 40.08 

1M acetate. dihydrarc .. . .. . Ca<C2H,O1l2·2H:O . .. , 194.20 
<ffl ace111c, monohydralc .. . Ca(C2H.,O1) 2·H2O .... , 17(,. IR 
c10 aluminarc .. ... . ... .. CaA11O, (or Ca0Al1O2) l5R.04 

,71 Ori•)aluminalc ... • .... Ca,Al,01, lor 
3Ca0-Al1O1l 

c72 ltri•)aluminorc JCaC>Ali0,-6111O . . . . J7K.29 
hcuhydrarc .. ..... . 

c7J aluminosilicarc 2CaC>Al,O,·SiO, 274.20 

t74 aluminosilicalc .... .. . Nat. anonhirc . 27R.2 I 
CaAlr Si1O, (or 
CaO-Al:O,·2SiOz) 

c7S nrtltn11"M:nalc ... ..... Ca_,(A,O,12 • • • . • • • •• 19K.0R 
<76 arsenate. trihydralc ..... Nar haidin~crolc. 396.04 

2Ca0-As1Os·JH2O . . . 
,n lr\Cnidc . .. . .... . . .. Ca,A, 1 . . . . . 270.0R 
c71 azidc . ....... . .... Ca!N3)2 .... , . .. .. .. 124. 12 

c'l9 hcnroarc ........... Ca(C1H~O2JrJll2O . .... J Jl\.36 
cMl Mrloboralc . , , . •. .. .. Ca(BO2Ji , ......... . 125.70 

cRI .,,,abnnrc. hcuhydralc Ca(BOil,1-6H2O .. . .. .. 233.79 

dl 1moborarc • . . . .. . .. . CaB,O1 ........ , ... 195.Jl 
c83 bnridc .... . . . •. . , .. Ca86 •• • ••••••• ••. 104.94 

cM hromidc .. .•. . •.. , •. C1Br2 .......... . .. 199.R9 

c8S hmmolc ............ Ca!Br0,li·lt1O ....... 3 1) .'IO 
rl6 hmmidc. hcuhydratc CaRrr6~1,0 ........ . .107.9R 
cl7 butyrate ..... .. . . . .. CatC,H,01)r3H,O. . . . . 26R.32 
~ ca,t,;dc ... . ..•. .... C1C2 ...... ... .. , . 64. 10 
cl9 urt.onatc . .......... N11. an~onilc, CaCO_, . . 100.09 

c«> calt,ona1c ........ ... Na1. c1lci1c. CICOJ . . . . 100.09 

c9 I carbonate, hcuhydralc . . CaC0J-6H 10 . . , . . . . . 20R. 16 

c92 chkntc ............ Ca!CIOJ!i . . . . . . . • . . 206.98 

c93 drlonlc. dihydnrc ..... Cl(CIOJ)i·2Hi() , . . . . . 243.01 

. ~ p,,dlknlc . ...... . .. !CaCIO,h . . . . . . . . . . 238.98 

Cry,t•llin• r..rm, 
~r1i~ ■nd 

lndn or 
~fraction 

Dtn•lty or 
lptt. 

~ vity 

wh. rhomh . , . , . 4.'19lf1 

monocl. , ..... .l. 7920 

col, monocl ... . , 2,48 
col. mooocl. 1.565 ) .09 
ycl-or he•. 2.:I06. 4.82 

2.529 ....... . 

M•itlnt 
polnl , °C 

1000 
Ir I()!( 
Ir 4 
Ir 41 5 
l7501m'1'"' 

er .... . .............. . d 

Soluhility. in ir■m, p,r 100 ,, 
8oilin~ 

polnl , •c 

•• •• !I, 

. ' .. ,. 

Cold 
••«rr 

.. , .... IIJ" ' 

f,(), K1m 

Oth,r ""h·tnl< 

, al. accl. NH, 

i al 
- ••••.•. • i al 

,. _ . .... ' 
sul>I in Ni. 0 .0001 J'" collood , a; v ,I , NH,OH 

9KII 
.. .. ..... sl ,-

wh cqw,.,'tl .. .. . .. .. .. . .. .. .. .. .. . .. .... ... sl , 
•• , • . • • • 1 al; , a. NH,OH 
. . • .' . .. . sa. NH,O11 
• •...•.• i a. d HNO, 
. ....... , NH,OH 

Mk. cub ....... 5.8501' 11 21 109 1 
ycl e r .. . .... , , ....... , . . . . ..... 0 .05 

. , ... . .. . . .. 3.714i' . , . . . .. .... , , , , . . . . . 0 .0.17 cone NH,O11 

wh, rricl .. ... , . 2.2X2 

,ii• wh sort mcl. 
cut, .... . .... 

col er; 1.55. 1.56. 

839 !: 2 1484 d 10Hi+ d , a. lo~ Nit:: ,1 , ol. i 
bz 

......... d 
CalOH), 

....... . . )7 .4n • 29.7 1'"° sl • al 
1.57, . . ..... . 

col need . . . . . . . . ... . .... - I HiO. 84 , .. . . .... ) 4 72" 33_5:in 
col need ......... ....... d .. 4.1 .6" .'4.31"' , I , al 
,.,h mooocl. Incl or 2 9812·' Jf,(l() . • .. • .. .. d . . . ' ' ' .. ' HCI; I HNO, . 

momh; 1.64.l , HiSO, 
1.hM. I.M,1 , .. 

wh. cuh. I 710 , .. J ,0JRl' II 1535 .• . i 

col. ocr. I l,OJ ••• 2.5210 d 700-MOO . ... d 

col, lclr. 1,(,69, 3.048 1590 !: 2 ... .. ...... .. .... ... da 
l.65R .. , . ... . 

wh. tricl. 1.5832 2.765 

col •morph rowd .1.6:!0 
col. rhomh. 1.590. 2.967 

Ur02 . l.h38 , .. 
red er .... . . . . ) .031 1' 
col. rhomh. hy~ ....... , 

rol . rhomh ... . . 1.436 
c il , Oat rhomh pr, , .... . .. , 

1.550. 1.660. 
l .6RO . . ..... . 

col. 1c1r. 1.520. 1.88 
1.502 ........ 

l5S I 

1.455 

d 
- 3HiO, 110; 
e•r 1«. 1~ 
- JH2O , 110 
1154 

......... d 
, .. . • ... , JS. In 

' .... ' ' . . 2.7" 
, .. • .. , . • I s 

. ... .. ... 0,2520 

d 
451

' 

8.3'"' 

d a; , h HNO, 
d a: , h HNO, 
0 211 °' al; i cth 

........ '- a. NH,. ,ah.;: ,-1 sac 

• 

readily vitrified. . . , . , . ..... 9"6 . .. ...... .. ... ... ' ..... .. .. . ... .. .. .. . 
hlk. cub .. ... .. 2.3"' 2235 . ... .. . •• i ,- HN<h : ~1 ;--... ::.te 
col. rhomh need, 3.3532·' ,I d 730 ROf>-812 142"' 

dcliq .. . 

monocl er . .... ) .)29 
col. hcl er .. , . , 2.295 

- Hi0 . 180 · · ··· · · ·· •• 
JR.2 14'1 594n 

col er .. .. ... . .. . . , . . ..... , ...... ..•. . , . .. s 
col , lclr. 1.75 ... 2.22 Slab 25---447 2300 d 
col , rhomb, 1.530, 2.930 Ir 10 calcite d 825 0.001532.1 

1.68 1. l.6U . . . 520 
col , rhomh or hcx . 2.71011 13391021 d 898.6 0 .00142S 

1.6583, 1.4864 
rol , mooocl. 

1.460, 1.535 , 
1.545 ...... . . 

wh er. hyg . . . . . ......... 340 !: 10 ( -

wh-yclsh. rhomb. 2.711 
or monoc. dcliq 

col er .. ....... 2.65 1 

some 0 ) 
- Hi(). 100 

d 270 

• ••• • • • • ' 5 

.... ..... 177.81 

. , ....... 188.62S 

3121"" 

V S 

l3f,()l ' 

sl s 
d 
0 .0019015 

0 .001815 

• s 

V 5 

H~SO, 
~ al. xc1. a: !ii a 

NH,. McOH 

, al. acc1 a 

s • · NH,CI 

s 1 . NH,CI 

S al. ICCI 

• 11. acct 

166.2~ 11; 237,4 
McOH 

"5 chloride . .. .. . ... ... CaCl2 . . . . . . . . . . . . . 110 .99 col. cub, dcliq 2.151' > 1600 159100 s al. acer, ace • 
1.52 .... ... . . 

c9& clltoride 1lumin■1c . .. • . 3Ca0-Ali0)-C.Clr 10Hi0 561.34 col. monocl or 1.89214 - Hi(). 105 - 8Hi(). 350 sl s 

cf7 clltoride, d ihydrarc ..... CoCl2•2H2O . ..... , , , l<47.02 
cW dlloridc, hc11hydra1c , .. CaCl2~HzO . . , . . . . . . 2 19 .0II 

c'9 ct,loridr, monnhydnte . .. CaClr H,O . . . . . . . . . . 129.00 
,- tlGO chloride fluoride JCa,,(l'O,lrCaCIF . . . . . 102.Hlll 

• IW'l~IC • • • • • • 

tlOI clllorite . .. ..... .... Cl(CI02h . . . . . . . . . . 174.98 
tl02 llyrJ,«hlorirc . .. . . .. .. Ca(CIO)z . . . . . . . • . . . 142. 98 

hcl. hcl. 1.550. 
1.535 . .... .. . 

col er. , .. .. , . . 0.835 
col. lriJ. dcliq. I. 7 12.1 26.92 

1.417 , 1.393 .. . 
rol er. dcliq ... .. , .. ... ... 260 
colcr, 1.634. 3. 14 1270 

1.6.11 . ...... . 
wh, cub .... , .. 2.7 1 
wh pnwd or Oar 2.35 
pl. 1.54S. 1.69 

B-79 

d 100 

. . . . . .. . . 97."fO 
- 4Hz0. 30. 27<1' 
-<,Hi(), 200 

. . .. . .. .. 76.8" 
, • •••• •• , V 11 S 

......... d 

....... .. s 

d s. 

J26M 50"" al 
5362() s 1I 

249100 s •I~ i acct 

d i al 
• . , • • ••. i al 



Ii 

_CORROSION 
BASICS 

■ 

An Introduction 

\ National Association of Corrosion Engineers 
i 

■ 



Published by 

National Association of Corrosion Engineers 
1440 South Creek Drive 
Houston, Texas 77084 

Library of Congress Catalog Card Number: 84-061042 
ISBN 0-915567-02-4 

Neither the National Association of Corrosion Engineers, ilS officers, directors, no r members thereof accept 
any re1ponsibili1y for the u >1e of the methods and materials discussed herein . No authorization is implied 
concerning 1he use of patented or copyrighted material. The informal ion is advisory only and the use of the 

materials and methods is solely at the risk of 1hc user . 

Primed in 1he United Slates. All rights reserved. Reproduction of contenlS in whole or parlor transfer into 
electronic or photographic storage wi1ho u1 ~rmission of copyright owner is expressly forbidden. 

Copyright 1984 
National Association of Corrosion Engineers 



CONTENTS 

-Introduction 

Chapter 1 - Scope and Language of Corrosion 

This chapter offers a general overview of corrosion and the reasons for studying it. 
A glossary of corrosion-related terms is included. 

Chapter 2 - Basics of Corrosion 

Corrosion reactions arc presented in the most basic terms. The influence of various 
factors on the initiation and advanccmci:it of corrosion in aqueous systems is dis
cussed. This is the most important chapter. 

Chapter 3 - Metallurgy 

This chapter discusses the effects of metal structure, alloying clements, mechanical 
working, and heat treatment on corrosion behavior. 

Chapter 4 - Materials 

The properties of a wide variety of materials (alloys and nonmetals) arc compared 
with regard. to corrosion resistance and mechanical properties. 

Chapter 5 - Localized Corrosion 

Concentrated attack in the form of pitting, erosion, cavitation, fretting, deposition 
corrosion, corrosion fatigue, and dcalloying is presented in this chapter. 

Chapter 6 - Environmental Cracking 

The factors involved is stress corrosion, hydrogen cmbrittlemcnt, and liquid metal 
cmbrittlemcnt arc defined, and the metals susceptible to attack in specific environ
ments arc enumerated . 

Chapter 7 - Inhibitors 

Anodic, cathodic, and filming inhibitors arc discussed along with oxygen scavengers 
as means of reducing corrosion in aqueous and nonaqucous systems. Mechanisms 
of inhibition and examples of many practical applications arc cited. 

Chapter 8 - Corrosion by Water and Steam 

Factors affecting corrosion of various materials in fresh water, soft water, boiling 
H 20 reactors, and superheated steam arc discussed in this chapter. Several kinds 
of corrosion arc discussed, as well as action of inhibitors and bacteria. 

Chapter 9 - Cathodic Protection 

An easy-to-understand chapter on the present-day factors in practical cathodic 
protection practices and important design features. 

1 

3 

23 

49 

69 

93 

127 

149 

179 



Chapter 10- Underground Corrosion 

Certain electrochemical aspects of corrosion are described here, logt:thcr with an 
cxl·cllcn1 desrriprion of how underground corrosion is controlled in various types 
of soil environments using various techniques. 

Chapter 11 - Atmospheric Corrosion 

This chapter summarizes metal behavior in air atmospheres throughout the world 
and especially in the more corrosive a reas where heavy industry and salt spray 
may be present. Prevt:ntive measures are discussed briefly . 

Chapter 12 - Coatings 

T he testing, selection, application, and use of organic and inorganic coatings for 
use in the atmosphere or as linings are described with emphasis on surface prepar· 
at ion and the function of the coating material. 

Chapter 13 - High-Temperature Corrosion 

This chapter covers the broad field of high-temperature corrosion, including air, 
flue gases, molten salts and metals, vacuum, etc. It also gives some attention to 
mechanical properties at high temperatures. 

Chapter 14 -Testing and Inspection 

T he many methods of testing for corrosion and measuring corrosion rates are 
described and evaluated. Necessary precautions and parameters to watch for in 
evaluating test results are given. 

Chapter 15 - Design and Failure Analysis 

Some common sense design features for industrial process equipment are presented 
with a discussion of problems that occur when these precautions are ignored. A 
brief description of practical ways of combatting various types of corrosion is also 
presented. Economic considerations are emphasized. 

203 

221 

245 

275 

309 

337 

I 



INTRODUCTION 

This book was originally issued as the Basic Co"osion Course in 1970. The utility of that publication-can be 
appreciated when it is realized that 13 printings were necessary to supply the great number of persons in
terested in the subject . 

As envisioned by the Editor in the Introduction of the original book, some revision is necessary with 
the. passage of time. This has been accomplished with a minimum of change from the initial format and 
material content of the original. The authors of the first edition provided such an excellent coverage of 
the subject matter that only some rearrangement of the text and updating has been necessary. 

Those responsible for the topical matter of the first edition were as follows: 

Editor . . ............ . ................... . . ........ ...... ... . ........ A . deS. Brasunas 

Scope of the Subject ........... . ... . .................. A . deS. Brasunas and N. E. Hamner 
Basics .................................................. F. L. LaQue and N . D . G reene 
Metallurgy .. .. . .............. .. .... ... . ............ ........ ......... . R . F. Hochman 
Materials .................. .. .. .......... . ............ M . G. Fontana andJ. H . Peacock 
Localized Corrosion .. . ........... ... . . ...... .. .... . ......... . . . ......... H. P . Godard 
Stress Corrosion Cracking .... ... ... . .. .... . .................... . .......... H . L . Logan 
Cathodic Protection and Soils .... .. .. .......... . .......... A. W . Peabody and M . E . Parker 
Inhibitors . . . ............ . .. . . . .. .. . . .... ........ ....... N. Hackerman and E . S . Snavely 
At~ospheric Corrosion ...... ........... . .... ... . ........ . ......... . .... K. G . Compton 
Coatings .................................. . ........................... N. E . Hamner 
High Temperature Corrosion ......................... A. deS . Brasunas andJ . J . M oran,Jr. 
Water Corrosion .......... .. .......... . ... . ........ .. .... . ....... ........ W. E. Berry 
Testing ................ . ............ . .. . . . ...... . ....... B. W . Lifkaand F . L. McGea ry 
Failure Analysis ... . .... . ...... .. . . . . ........... . ... . ... . ........ ... ..... E . D . Vcrink 

A great amount of the material written by these authors has been retai ned . Changes have been 
made where it was believed a better continuity, less repetition, and more recent data •would improve the 
development of the subject. Those responsible for the revisions are C. P. Dillon , J . S. Snodgrass, L. S. 
Van Delinder, and H. A. Webster . 

This book provides a general coverage of the wide field of corrosion control. It is designed to be 
helpful to those being initiated into the work , and consequently attempts to present each corrosion proc
ess or control procedure in the most basic terms. A comprehensive discussion of the topics has not been 
attempted .. Certainly the book is not represented as providing the latest o r mosl erudite discussion of the 
subject . Yet for those knowledgeable in the field of corrosion cont rol, we hope thar each chapter presents 
some aspect of the work in terms that are stimula ting and helpful. We solicit suggestions for improve
ment of the work . 

To assist the reader, a bibliography is provided at the end of each chapter for those who may want to 
pursue a topic further. Many of the books which are listed in more than one chapter arc obviously 
regarded as prime sources for corrosion information . The appendix to Chapter I contains a list of defini
tions of corrosion-related terms. A comprehensive and thoroughly cross referenced subject index is 
located in the back of the book and should provide a ready guide for al l persons wishing to find specific 
items. 

Education in corrosion conlrol is our primary concern . We sincerely hope rhis new edition will con
tribute even more capably in a tta ining that goal . As with the preponderance of the first edition, a portion 
of the Introduction must be repeated : "We trust that . . . this book will be of considerable benefit to the 
nation , to numerous industries, and to ind ividuals al l over the world who will take advantage of the op
portunity afforded them by this educational effor1." 

L. S. Van Delindcr 
Editor and Cha irman of Subcommittee ETC- I 

NACE Education and Training Committee 
May, 1984 



centuate pitting at pores, cracks, or other voids in 
the film . If the film attains any significant thickness, 
the loss of heat transfer through the metal and de
posited scale can be a problem in certain applica
tions. Thus, the development of scales on metal sur
faces is an important considera tion when using 
metals in waters. 

The factors that affect scaling (i.t . , the deposi
tion of primarily calcareous deposits) are the to tal 
dissolved solids, calcium ion concentration, methyl 
orange alkalinity (bicarbonates and carbonates), 
and temperature. Calcium and magnesium carbon
ates have an inverse solubility with temperature, 
therefore they tend to deposit scale with rising temper
ature. In extreme cases, scaling by insoluble cal
cium sulfate also can be a problem, although it is 
not a prevalent one under most conditions. 

The tendency of a water to deposi t such scale, 
or of the temperature required to initiate such depo
sition to exist, can be estimated from the La ngelier
Ryznar Index, as shown in Table 8 .2. From the re
lationship between the controll ing factors, one can · 
estimate the pHs (i.t ., the pH which the water in 
question would acquire if saturated with calcium 
carbonate). This can then be used to calculate either 
the Corrosion Index (which indicates the corrosivity 
Ito ordinary cement or concrete), the Saturation In
lctex, or (by substituting the measured pH for the 
pHS) the temperature at which deposition will be 
initiated (Table 8.3). 

The eflt:ct of oxygen on corrosion with increas
ing temperature is also shown in Figure 8.2, in-

TABLE 8 .2 - Scaling by Watrr 

Cvrro,1on lndn • pt-t - pH, \\'hr rr ll inJ1u1r11 t,..,J.,,n• rd ro11d11tum• , 

• 1nJu illr'5 M .. , .. lur IUill ton 

- mdll 41ri. w. ailr d1»olu1ton o, 
c.u,ro,1011 
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TABLE 8.3 - Calculation of Scaling Temperature 

Conditioo1: 

pH - 7.~ 
TDS - 300ppm 
Ca - 4Sppm 
M .O .Alk. - 1:Wppm 

B - pH - 9.3 - A + C + D 
- 7 .5 - 9.3 - 0 .1 + 1.3 + 2. 1 
- 10.9 - 9 ♦ 

- 1.5 
- 1.5 132 For 55 C 

0 i 

Open System 

Temperat ure •c 

A - 0 . 1 

C • I.J 

lJ • 1 I 

FIGURE 8 .2 - Effect or oxygrn on corrosion or 11rrl. 

dicating 1he n ·sults in a dosed versus an open con
tainer (1he lat1er permi1ting nalural deaeration by 
ebullition). l11 a dosed vessel , corrosion continues to 

increase with temperature, whence the requirement 
for removing dissolved oxygen from-hut ".'r 
systems and boilers. 

The effel't o f oxygen and pH is shown in Figure 
8.3. In a broad rnng,· of about pH 5 to 9, the 
corrosion ratt: can be expressed simply in terms of 
the amount of dissolved oxygen present (t .g., µmly 
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INTRODUCTION 

The basic inventions, processe~ and patents introduced by The Permutit 
Company are the foundations of a great part of all modem water and 
wastewater treatment technology. These include: 

The Cation Exchange Water Softening Process 
Sea Water Regeneration of Jon Exchangers 
Continuous Automatic Water Softening 
Fluoride Removal 
Ion Exchange for Isotope Separation (Uranium Refining) 
Water Clarification by So1ids Contact Separation 
Anion Exchange Resins 
Silica Removal Process 
Three Step Demineralizing 
Water Softening by Catalytic Precipitation 
The Automatic Valveless Gravity Filter 
Double Dish Underdrain Systems 
Triad Bed Ion Exchange 
Chevron Shaped High Rate Tube Senlers 
Progressive Mode Continuous Ion Exchange 
Calex Condensate Treatment Process 
Sulfex Heavy Metals Removal Process 

This innovative posture is an integral part of Permutit's philosophy today. 

The Pennutit Company was incorporated in 1913. In the eight decades 
since 1913, Pennutit, consistent with its origins in research and innovative 
growth, has pioneered in virtually every aspect of water and wastewater 
treatment The Company is expert in clarifica~on, filtration, aeration. 
deaeration, degasification, dewatering, separation and reverse osmosis as 
well as all phases of ion exchange. Permutit also offers unique experience 
in providing integrated controls for all of the process equipment it builds. 
Its current integrated facilities/headquarters are in Warren, New Jersey. 

Advice from Pennutit experts on water treatment and waste treatment 
problems is available to you and your consultants. Analyses of water 
samples will be made by arrangement with the Pennutit Technical Depart
ment. Subsequently, equipment, standard or custom design. may be 
specified to meet your specific requirements. 
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IK"nOH u. SOLUBILITY OF GASES IN WATH. AT 760 MM 

•• dw abeorption ccwlktrn1, i, 1ht volumt of ,ru whtn rnlund lo u• an,1 76n mm., alxn,l..-d by ont vnlu~ of wa1tr whtn 1ht rrtuurr of 1ht 1,. 
illdf, wi1t-t the aqun,u, trn,ion, amounu In 7M mm. 

f ii Ck wri1h1 al 1a• in aram, diuolnJ ,n 100 11nm, of wa1c-r when 1hr 1uul pu·uurr (u., ,1., ,um of 1hr 11a11,al prruurc ol 1ht ,:as plu, ,he 
aq- lrtl- al the 1••cn 1rm1..-ra1urt) n 760 mm. · 

Carbo" 
Nitr•"• oz,,~" H~r•" Diozilu 

T,-p.• 
C -· - -·- . - - .~ . ··- ---- - ---

• ' G ' G ' Cl ' . - - . -· ------ - ---- - · 
0 0 .0216' 0 .002142 0 .CM881 0 .006946 0 021'8 0 .0001922 1.713 0 . s:MI 
I O.O'l217 0 0021169 0 .047611 0 .006766 0 02126 0 0001901 I 646 0 S21S 
2 O.O'l2'1 0 .00279K 0 .CM633 0 006674 0 .02106 0 .000181H I 6M O.SOtl 
I O.O'ZUl7 0 .002790 0 .0012 0 006400 0 02084 0 0001862 ·I 627 0 .29711 
4 0 .O'ZIH 0 002663 0 .04St7 0 006232 0 02064 0 0001843 I 473 0 . 21171 
6 O.O'ZOKfl O.OO'l&oo 0 042117 0 006072 0 .020'4 0 .00011124 J .424 0 .2774 • 0 02037 0 .002637 0 041KG 0 00691K 0 02026 0 OOOIK06 I 377 0 28111 
7 O.Oltto o ooz411 0 040KG 0 .006773 0 OZ007 0 00017111 I 381 0 .2ut 
8 0 .01146 o .ooz,11 0 039"3 0 006632 0 0191111 0 0001772 I 2K2 0 .20"l • 0 .01902 0 002366 0 03Ktl 0 .00649K 0 01972 0 .0001766 J .237 o .24oa 

10 O.OIK61 0 002312 0 03K02 0 .00636H 0 01966 0 0001740 1 114 0 .2318 
11 O.OIK23 0 .002263 0 .037111 0 0062'6 0 01940 0 .0001726 I . 16' 0 .22H 
12 0 .017H6 0 .002216 0 .03437 0 .0061211 0 0l!126 0 .0001710 I. 117 0 .2166 
11 0 .01760 0 .002170 0 .0366' 0 006014 0 01911 0 .0001696 I 083 0 . 20911 
1' 0 .01717 0 002126 0 03'K6 0 004906 O.OIK97 0 .00016112 I 060 0 2032 
16 0 .016116 0 .0020116 0 03416 0 004K02 O.OIKll3 0 .00016611 I 019 O. lt70 
16 0 .0166' 0 .002046 0 033411 0 .004703 0 .011169 0 .000166' 0 9116 0 . 1901 
17 0 .01626 0 002006 0 03283 0 .004606 0 .011166 0 00916' I 0 .966 0 . 18'6 
l ll 0 01697 0 001970 0 .03220 0 004614 O.OIK44 0 .00016211 0 .1211 0 . 1789 
It 0 .01670 0 .001936 0 .03161 0 .004426 0 011131 0 0001616 0 902 0 . 1737 
20 0 .01646 0 001901 0 .03102 0 004339 0 OIKl!I 0 0001603 0 .117K 0 . 161111 
21 0 .01622 0 0011169 O.OllOU 0 004262 0 OIH06 0 000161111 0 116' 0 1640 
22 0 014111 0 0018311 0 02tKK 0 004169 0 01792 0 0001676 0 R29 0 lHO 
21 · 0 .01476 0 OOIK09 0 02934 0 .0040117 0 01779 0 0001661 0 H04 0 . 16'0 
24 0 .0146' 0 00171j() 0 02K81 0 004007 0 01766 0 000164K 0 . 7IU 0 1491 
26 0 .01414 0 001761 O.O'lK&I 0 .003931 0 .0176' 0 0001636 0 769 o :1ut 
2, 0 .01'13 0 .001724 O.O'l7KS 0 .003867 0 .01742 0 00016:l:l 0 . 7811 

0 "°' 27 0 .01314 0 .0016911 0 .02736 0 .0037117 0 017:JI 0 .0001609 0 7111 0 1316 
28 0 .01171 0 001672 0 . O'lltl 0 .003718 0 .01720 0 000106 0 699 0 .1327 
2t 0 .01168 0 .011647 O.O'l64t 0 .003661 0 .01709 0 00014114 0 .6112 0 . 1212 
30 0 .013'2 0 .001624 0 .0'.!6011 0 .OOl6H8 0 01699 0 0001'74 0 .666 0 . 1267 
H 0 .0126' 0 .001601 O.O'l,40 0 003316 0 01666 0 0001'26 0 .61'l 0 . 1106 
40 OJHIIM O.OOlltl 0 .O'l306 O.OOIOll2 0 0164, 0 000138' O.MO 0 .0971 
'6 0 .01180 0 .001800 0 .0'.!187 0 .002868 0 01624 0 00013'1 0 479 0 .01160 
60 0 .01088 0 .001216 0 .0'.lOtO 0 .00'.!167 0 .01608 0 00012K7 o.,a& 0 07'1 
tO 0 .0IO'ZS 0 .001062 0 .0INe 0 .00221, 0 01600 , _0 .00011711 O.Ht 0 .067• 
70 0 .00977 0 .000861 0 .0IW 0 .001866 0 0160 0 .000102 
80 0 .00968 0.000660 0 .017'1 0 .0013111 0 .0160 0 .000079 
to 0 .0096 0 .000811 0 .0172 0 .00019 0 .0160 0 .00004& 

100 0 .0096 0 .00000 0 .0170 0 .00000 O.OIIO 0 .000000 
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The Ryznar Index is a method of quantifying the scale forming or corrosive effect 
of water. It is basoo upon the pH of the water and the water's pH of saturation. 
The pH of saturation, "pHs", is that pH at which a water cannot hold additional 
calcium in solution. The Ryznar Index equation is: RI = 2 pHs - pH. Ryznar Index 
values above 6 are pro~essively corrosive; values below 6 are progressively scale forming. 
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I. Certification 

Analyti.D:M, Inc. 
Current Certifications/Regulatory Approvals 

AnalytiKEM 

Tabulated below are the current laboratory certifications that are held by 
e,ch AnalytiKEM Laboratory. Analyses performed at multiple AnalytiKEM 
locations will be noted in the test report. 

!Cherry Hill, NJ lllock Hill, SC !Houston Analytical, TX 

IState Cert # !State Cert# lstate Cert# 

!Arkansas * s. Carolina 46067 IN . Dakota R-006 

!Connecticut PH-0715 N. Carolina 316 Oklahoma 8403 

!Florida 880985G INew Jersey 79795 'l'exas Water Commission* 

Massachusetts NJ117 Louisiana 92-07 

New Jersey 04012 s. Carolina 82011 

INew York 10815 IN. Carolina 367 

IN. Carolina 258 !Wisconsin 998010530 

IN. Dakota R-038 !New Jersey 82869 

Pennsylvania 68366 

S. Carolina 94004 

Tennessee 02908 -

!Vermont * 
K)klahoma 9107 

* No certification numbers are issued for these states . 
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Definition of Terms AnalytiKEM 

Term 

D 

DI 

J 

MS/MSD 

NA 

ND 

NR 

NTU 

RPD 

u 

ppb 

ppm 

ug/1 

ug/kg 

ug/kg dw 

CCC 

SPCC 

PQL 

B 

Definition 

Detected; result must be greater than zero. 

Deionized Water 

Compound was detected at levels below the practical 
quantitation limit. The level reported is approximate. 

Matrix SpikejMatrix Spike Duplicate. 

Analysis not applicable to the sample 111&trix. 

Not Detected 

Not Requested 

Nephelometric Turbidity Units 

Relative Percent Difference 

Relative Standard Deviation 

Compound was analyzed for but not detected. The preceding number 
is the practical quantitation limit for the compound. 

Parts-per-billion; 111&y be converted to ppm by dividing by 1,000 . 

Parts-per-million; 111&y be converted to ppb by multiplying by 
1,000 . 

Micrograms of constituent per liter of sample ; equivalent to 
parts-per-billion. 

Micrograms of constituent per kilogram of sample; equivalent to 
parts-per-billion. 

Micrograms of constituent per kilogram of sample reported on a 
dry weight basis. 

Calibration Check Compound; used to verify the precision of a 
GC/MS calibration curve. 

System Performance Check Compound; used to verify the correct 
operation of a GC/MS instrument . 

Practical Quantitation Limit; the minimWI level at which-' 
compounds can be dependably quantitated. 

Analyte detected in associated blank as well as the sample. 
It indicates possible/probable blank contamination. 
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III. Sample Designations 

Analytil.EH 
Designation 

A28958-l 
A28958-2 

Client 
Designation 

Al 
A2 

Matrix 

Aqueous 
Aqueous 

AnalytiKEM 
Date 
Sampled 

11/13/92 
11/13/92 

Note: Samples will be held for 30 days beyond the test report date unless 
otherwise requested. 

--- --•-
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IV. Methodology 

General Chemistry 

AnalytiKEM 

Method 160.1, Total Dissolved Solids (Dried at 180 degrees C), Methods for 
Chemical Analysis of Water and Wastes , EPA-600/4-79-020, USEPA, 1979. 
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V. Analytical Results 

General Chemistry 

Parameter 

Total Dissolved Solids 

Units 

Method 
Blank 

10,000 U 

(ug/1) 

Sample Designation 

A28958-l 
Al 

11,000,000 

(ug/1) 

AnalytiKEM 

A28958-2 
A2 

16,000,000 

(ug/1) 
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I. Certification 

AnalytiKEM, Inc. 
Current CertificationsjR.egulatory Approvals 

AnalytlKEM 

T•bulated below are the current laboratory certifications that are held by 
each AnalytiKEM Laboratory. Analyses performed at multiple AnalytiKEM 
locations will be noted in the test report. 

Cherry Hill, NJ Rock Hill, SC Houston Analytical, TX 

State Cert# State Cert# State Cert# 

Arkansas * s . Carolina 46067 N. Dakota R-006 

Connecticut PH-0715 N. Carolina 316 !Oklahoma 8403 

Florida 880985G New Jersey 79795 !Texas Water Commission* 

Massachusetts NJ117 Louisiana 92-07 

New Jersey 04012 s . Carolina 82011 

New York 10815 N. Carolina 367 

N. Carolina 258 !Wisconsin 998010530 
. 

N. Dakota R-038 New Jersey 82869 

Pennsylvania 68366 

S. Carolina 94004 

Tennessee 02908 

Vermont * 

Oklahoma 9107 

* No certification numbers are issued for these states. 
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l>efinition oy Terms 
AnalytJKEM 

D 

DI 

J 

MS/MSD 

NA 

ND 

NR 

NTU 

RPO 

RSD 

u 

ppb 

ppm 

ug/1 

ug/lcg 

ug/lcg dw 

CCC 

SPCC 

PQL 

B 

Definition 

Detected ; result must be greater than zero. 

Deionized Water 

Compound was detected at levels below the practical 
quantitation limit . The level reported is approximate. 

Matrix Spike/Matrix Spike Duplicate. 

Analysis not applicable to the sample matrix . 

Not Detected 

Not Requested 

Nephelometric Turbidity Units 

Relative Percent Difference 

Relative Standard Deviation 

Compound was analyzed for but not detected . The preceding number 
is the practical quantitation limit for the compound . 

Parts-per-billion; may be converted to ppm by dividing by 1,000 . 

Parts-per-million; may be converted to ppb by multiplying by 
1,000 . - - - -

Micrograms of constituent per liter of sample; equivalent to 
parts-per-billion. 

Micrograms of constituent per kilogram of sample ; equivalent to 
parts-per-billion. 

Micrograms of constituent per kilogram of sample reported on a 
dry weight basis. 

Calibration Check Compound ; used to verify the precision of a 
GC/MS calibration curve . 

System Performance Check Compound; used to verify the correct 
operation of a GC/MS instrument . 

Practical Quantitation Limit; the minimum level at which 
compounds can be dependably quantitated . 

Analyte detected in associated blank as well as the sample. 
It indicates possible/probable blank contamination. 
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III . Sample Designations AnalytJKEM 

.. 

Analyt!XEM Client 
Designation Designation 

A28958-l Al 
A28958-2 A2 
A28958-3 B2 
A28958-4 Dl 
A28958-5 D2 
A28958-6 Bl 

Matrix 

Aqueous 
Aqueous 
Aqueous 
Aqueous 
Aqueous 
Aqueous 

Date 
Sampled 

11/13/92 
11/13/92 
11/ 13/ 92 
11/ 13/ 92 
11/ 13/92 
11/13/92 

Note : Samples will be held for 30 days beyond the test report date unless 
otherwise requested. 
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IV, Methodology 

Metals 

AnalytiKEM 

Method 3010, Acid Digestion of Aqueous Samples and Extracts for Total Metals 
for Analysis by Flame Atomic Absorption Spectroscopy or Inductively Coupled 
Plasma Spectroscopy. Test Methods for Evaluating Solid Wtute. 
Physical/Chemical Methods, SW846, Third Edition, USEPA, 1986, with all 
pro111Ulgated revisions. 

Method 6010, Inductively Coupled Plasma Atomic Emission Spectroscopy, Test 
Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW846, Third 
Edition, USEPA, 1986, with all promulgated revisions. 

General Chemistry 

Method 130.2, Hardness, Methods for Chemical Analysis of Water and Wastes, 
EPA-600/4-79-020, USEPA, January 1982. 

Method 9040, pH Electrometric Measurement, Test Methods for Evaluating Solid 
Waste, Physical/Chemical Methods, SW846, Third Edition, USEPA, 1986, with all 
pro111Ulgated revisions. 

Method 160.1, Total Dissolved Solids (Dried at 180 degrees C), Methods for 
Chemical Analysis of Water and Wastes, EPA-600/4-79-020, USEPA, 1979. 

Method 160.2, Total Suspended Solids (Dried at 103-105 degrees C), Methods 
for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, USEPA, 1979 . 

Method 310 . 1, Alkalinity (Titrimetric, pH4.5). Methods for Chemical Analysis 
of Water and Wastes, EPA-600/4-79-020, USEPA , 1979. 

Method 9038, Sulfate (Turbidimetric). Test Methods for Evaluating Solid 
Waste, Physical/Chemical Methods, SW846, Third Edition, USEPA, 1986 , with all 
promulgated revisions. 
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v. Analytical Results 

Metals 

Method 
Blank 

200 u 

Parameter 

Aluminum, total 
Calcium, total 
Iron , total 
Magnesium, total 
Manganese, total 

5,000 u 
100 u 

5,000 u 
15 u 

Units (ug/1) 

Method 
Parameter Blank 

Aluminum, total 200 u 
Calcium, total 5,000 u 
Iron, total 100 u 
Magnesium, total 5,000 u 
Manganese, total 15 u 

Units (ug/1) 

AnalytlKEM 

Sample Deaignation 

A28958-l 
A28958-l (Duplicate) A28958-2 A28958-3 
Al Al A2 B2 

6,600 6,600 2,600 730 
90,000 90,000 44,000 67 , 000 
14,000 14,000 4,800 1 , 100 
10,000 10,000 6,600 16,000 

370 360 110 46 

(ug/1) (ug/1) (ug/1) (ug/1) 

Sample Deaignation 

A28958-4 A28958-5 A28958-6 
Dl D2 Bl 

880 1,100 720 
40,000 47,000 77,000 
1,500 1,600 1,300 

14,000 15 , 000 20,000 
52 61 44 

(ug/1) (ug/1) (ug/1) 
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V. Analytical aeaulta (Cont'd) 

General Chemistry 

Parameter 

pH, units 
Total Suspended Solids 

Total Dissolved Solids 

Hardness, as CaC03 
Sulfate 
Alkalinity, Bicarbonate 

Alkalinity, Carbonate 

Alkalinity, Hydroxide 

Units 

Parameter 

pH, units 
Total Suspended Solids 
Total Dissolved Solids 
Hardness, as CaC03 
Sulfate 
Alkalinity, Bicarbonate 
Alkalinity, Carbonate 
Alkalinity, Hydroxide 

Units 

* Duplicate analysis. 

Method 
Blank 

10,000 U 

10,000 U 

(ug/1) 

Method 
Blank 

10,000 U 
10,000 U 

(ug/1) 

AnalytlKEM 

Sample Designation 

.&28958-1 A.2.8958-2 .&28958-3 
Al A2 B2 

9.4 9.4 7.7 
630,000; 730,000 10,000 u 
630,000 * 

1,500,000; 17,000,000 450,000 
1,500,000 * 

200,000 160,000 250,000 
3,300,000 4,700,000 63,000 
3,300,000; 4,000,000 170,000 
3,400,000 * 

410,000; 560,000 1,200 
460,000 * 

1,000 U; 1,000 U 1,000 u 
1,000 U* 

(ug/1) (ug/1) (ug/1) 

Sample Designation 

.&28958-4 .&28958-5 .&28958-6 
Dl D2 Bl 

8.5 8 . 8 8 . 5 
10,000 u 77,000 19,000 

2,500,000 2',500,000 470,000 
180,000 190,000 240,000 
700,000 740,000 71,000 
480,000 1,100,000 170,000 

13,000 25,000 2,000 
1,000 u 1,000 U 1,000 U 

(ug/1) (ug/1) (ug/1) 
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VI. Quality Control Data 

Metals 

Aqueous Matrix Spike/Matrix Spike Duplicate Recovery Data 

Sample Spiked A28958-l 

Control Limits 
Amount Recovery Max. 

Parameter of Spike KS KSD RPD Recovery RPD 

Aluminum 500 88 98 11 56-115 23 
Calcium 300 * * 11-148 37 
Calcium ; 300 100 11- 148 37 
Iron 300 80 94 16 69-112 10 
Iron; 300 96 69-112 10 
Magnesium 300 85 92 8 68-112 10 
Manganese 20 85 89 5 82-105 10 

Units (ug) (\) (\) (\) (\) (\) 

AnalytiKEM 

* Not recovered due to high amount of analyte detected in the sample . 

Recovery : -~0- out of~ outside control limits 

RPD : 1 out of _4_ outside control limits 
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VI . Quality Control Data (Cont'd) 

General Chemistry 

AnalytiKEM 

Aqueous Matrix Spike/Matrix Spike Duplicate Recovery Data 

Parameter 

Sulfate 

Units 

Recovery: 

RPO : 

0 

0 

Sample Spiked 

Amount Recovery 
of Spike MS MSD RPD 

1,600 103 102 1 

(ug) (\) (\) (%) 

out of _2_ outside control limits 

out of _l_ outside control limits 

A28958-l 

Control Limits 
Max . 

Recovery RPD 

66-141 8 

(%) (%) 



28 Springdale Road 
Cherry Hill, New Jersey 08003 
(609)751-1122 • (215)923-2068 
fax: (609) 751-0824 

Clenl NORLJ/1; (!JP 

SAMPLE DESIGNATION DATE 

Ai "/.1/.-z, 
Al. HIJ~ ~~~..,, I 

A2. j 
" 

A2..HAlO., ,n--- · ...,~ \ 
Bi . ) 

Bt..H~O.~ I -
( Bz 

B2. ij,J~ R- ---~ ~ 

1. Field Meuuremen11: 

Data ShN11: Y N 

FIitered: Y Not Required 

Chain-of-Custody 

Projed: SIJ/rft!!, II . 

..... , •• ""•-:• ., .• - - .•-··•" .. ~ · e 811111 

1 4S4 South Anderson Road BiC 532 
Rock Hill, South Carolina 29730 
(803) 329-9690 
Fax: (803) 329-9689 

AnalytlKEM Contact ~t,s)J4 ~l,t)J,1/KJ.L 

MATRIX ///,1/ill¼~1/i1/kq/i11{/ I PARAMETERS 

/1IA~ )( ..,r,,_ .. 

f 'I.. 
X 

\ x· 
) )(· 

I -x· 
I >< 

\J'/ X 

II. FleldCondltionslComments: /Jttl~ ~~ R.t:/t: tb{Uk/~~ 
~5~/JnlS • 

Ill. Special Instructions: ______________________________ _ 
(Del8Clion Lanita, Oala Package, etc:.) •• 

TlmelDlle: Received By: Time/Date: 

• 0~ ll/tJ/f3-



28 Springdale Road 
Cherry Hill, New Jersey 08003 
(609) 751 -1122 • (215) 923-2068 
Fax: (609) 751-0824 : 

Clenl /Jl)A u Te:- ~ 

SAMPLE DESIGNATION DATE 

11 u/13/,l 
~l.f.l~V\. ~ ( 

b2 \ 
1:>2. ,-WO. :'----~ "1 

1. Field Meauremen11: 

Data ShN11: Y N 

Filtered: Y Nol Requl,-d 

MATRIX 

WAretl 

' \ {/ 

Chain-of-Custody 
'4~ South Anderson Road B"TC S32 
Rock Hill, South Carolina 29730 
(803) 329-9690 
Fax: (803) 329-9689 

Project:-2._/:Jlr Kill ( AnalytlKEM Contact _P-!rM 7UuJPKl£ 

I ¾~1~,;~j~cr;~q7~~1r~4v1 I 
i'i I; I! I! ~l/1 !:t: 1, 1~ i,'/ PARAMETERS 

1' 
~ 

'I... 
1' 

IL Field CondltlonllComments: ~.S2! /?61, /?le# S&,IIAt:./e H ~ /J.}57,PucJlll>tS 

Ill. Special Inst~: _____________________ ...._ ______ _ 
(0.lldion Umlta, Data Package, elc.) 

TlmelO■e: Received By: Time/Date: 

6:~ 1¢~/,z.--· 

- - -- --· -- ------



ANALYTIKEM 
SAMPLE RECEIPT CHECKLIST 

AnalytJKEM 

ANALYTIKEM NO. _ __.,?51Q,1,.q,l,;;:5B~1-----

,::__....,.:;,__ __ NO COC TAPE ON CONTAINERS/COOLERS 

:.---~-- SAMPLE(S) INTACT ON RECEIPT 
:....-...-1'---- SAMPLE(S) BROKEN/LEAKING 
....... ---- OTHER ( SEE COMMENTS) 

~-~./ ___ PROPER TEMPERATURE 

~----- IMPROPER TEMPERATURE 

____ / __ PROPERLY PRESERVED 

~----- IMPROPERLY PRESERVED 
------ NA-

__ ___i:;_,_ __ llECEIVED WITHIN HOLDING TIME 
__ -4i:.,.._ __ NOT RECEIVED WITHIN HOLDING 

TIME 
______ NA 

.._ __ ...;:/:,_.._ DISCREPANCIES BETWEEN COC AND 
SAMPLE LABELS 

------ NO DISCREPANCIES NOTED 

COMMENTS 

l-'t~ 01· t!W:¼f'W>l:\Mtd ~d fmc.t~ 

e,r ~aQ- Jt) J llt:c~ 

/ti I\ ~ 

~~AZ. ;ff! u..; 
f,.Z- -MM)j 

.J#;:!, f:12 ,- 9§0 ~ 
e,k I- 'IS6 u.-p · 

~ DI- I·~"" 
INSPECTED AND LOGGED BY: ___ ....,;i.1i------------~' .;..-~' :::.1.~=-tt;.;."~c;;;.... ___ _ 



196 TITLE 
c \~ contimJed from Page_ 

PROJECT NO. r; 9 z y) 
BOOK NO. l /: 

◄ ..... .!..!.J// /lo~lf~;2,=----1----..6i:..2.-=2~--' · °?)____;__',o_-t---t----t------:-~=--- --t-----

-z "?> 1 ·-=l-c 

-2s fl)u 

IU\J 

(. -z-, 
I 

-ZC//cLiA 

F"lt=:r P Jl 'I 

I . ('\ . , 

(JI -.2-
I 

\7/ 

Work continue I to Page 
SlGNAJUII 

DATI 



· Jct ·av• -av••A&-T 

· · ,-,1• lplbd: 2::¥%:f-/ . lplb Allo\mc._6_(2_0_· ----»-I 

~' .. ·: . -. P1Da1 Vol1ae,_.;.._Sj.,i29 ______ _.■ai\M1ol 

...i --.i. ~ .. ~·· ,.., -.ut•-.U--- 11D 

""' ., ""' 
., -· ., or: 

.. /al .. /al I .. /al I ,~ 

~ ~.iJ.6 'IS.fiD /'ii · l~.Slt> D)'\ IS- {00 ... 
- . - . . 

. 
~ 

" 
. 

. . . 
. 

. . . 

. 

, 

. -· - •: ·! , 
.. 

.. .. . . 

. . • I 
.. 

.·.• 
'· . . . . .. .. ...·1 . . 

Date: f .J/<1 /t; J It.rt U..: 
!u1t·n1e: .-':.. .. ·- ---·. ·-.---~· . . , ,, . .. . ·-. .... ·· ·; .. - Ind !IM: 
Analyac: 'T. I ,. .. 

laple U..: ■tntetDl• . , . : • '♦ • ; , . .. .. 
leference: IT~ "t- P · .. .. 

-- --· -. -- -· 



12-04-1992 1 _04109:31 -- 1 

S••Pl• N••• CA 317.933 
14-1992 

1 HIGH STD 24.908 
2 ICV 10.130 
3 ICB e.000 
4 ICS A 19.866 
5 ICS AB 19.885 
6 CCV 10.074 
7 CCB a.000 
a 28958-1 17.964 
9 28958-1 DUP 18.078 

10 28958-1 "s 19.110 
11 28958-1 PISD 19.302 
12 28958-2 22.04'3 
13 28958-3 13.327 
14 28958-4 19.845 
15 28958-5 23.623 
16 CCV 9.985 
17 CCB ( e.000 
18 ICS A 19.693 
19 ICS AB 19.808 
20 CCV 10.047 
21 CCB ( a.0ea 

. . 



' L .-. 



- J • .. .. 

-04-1992 ~ 83:45:22 -- 1 

teT STANDARD NUNBER (1 - 4) 01' -1 to EXIT1 1 

•nd&Td #1 solution ••piT•ting - CONTINUE? Y 

ATound CA 317.933 
P••k R•plic•tion P••k Pos. 

Int•nsity 
N/A 

CALIBRATION 

Position Nu■b•T 
CA No P••k ! 1 
ANK RE-CALCULATED AT END OF 
teT STANDARD NU"BER (1 - 4) OT -1 to EXIT1 

•nd&Td M2 solution ••piT&ting - CONTINUE? 

ATound CA 
P••k . 

317.933 
R•plic&tion 

Hu■b•T 
P••k Pos. 
Int•nsity Position 

-e.eea1 9727 
STANDARD M2 

W•v•l•ngth Av• Int • R.S.D. R•f 

1 

CA 317.933 9727 N/A 
t•T STANDARD NUNBER (1 - 4) OT -1 to EXIT1 

and•Td MJ solution aspiT&ting - CONTINUE? 

Peak Pos. 
Int•nsity 

18215 
STANDARD MJ 

Wav•length Av• Int • R.S.D. R•f 

Position 
a.aee2 

317.933 
R•plication 

Hu11b•T 
1 

CA 317.933 18215 H/A 
teT STANDARD NU"BER Cl - 4) 01' -1 to EXIT, 

t.nd&Td M4 solution aspiT&ting - CONTINUE? 

317.933 
P•ak Pos. 
Int•n•ity 

43284 
STANDARD M4 

l•••nt Wav•l•ngth Av• Int • R.S.D. R•f 

A1'ound CA 
P••k 

Position 
a.eees 

R•plic&tion 
Hu■be'I" 

1 

CA 317.933 43284 H/A 
~t • .,. STANDARD HU"BER (1 - 4) 01' -1 to EXITa 

STANDARD Ml 

Off Pe&k Off Peak 
Pnt. 1 Intens Pnt. 2 Int•ns 

2 

y 

· Off Peak Off P••k 
Pnt. 1 Int•n• Pnt. 2 Int•n• 

Blank Int Off P•ak Int H•t Int 
e 9727 

3 

y 

Off P••k Off P••k 
Pnt. 1 Int•n• Pnt. 2 Int•n• 

Bl&nk Int Off P•&k Int N•t Int 
a 1a21s 

y 

Off P••k Off P••k 
Pnt. 1 Int•n• Pnt. 2 Int•n• 

Blank Int Off P•ak Int H•t Int 
e 43284 

-1 

W•v•l•ngth 
317.933 

Av• Int 
1533 

• R.S.D. R•f Blank Int Off P••k Int . Net Int 
N/A 0 . 1533 



-e~-1992 • 03:49:se -- 1 

tistic• FoT Fitt•d Cu,-v• 

R•sults FoT CA 317.933 

Low Int•n•ity High Int•nsity lnt•,-c•pt 

m5 

Slope CuTvAtu,-• 

-------------------------------------------------------------
1533 43284 -8.92210 1.80060 0.00000 

Conc•n. C•lc. Con. Con. E,-,-o,- • ETTOT 

-------------------------------------------------------------------------
1 
2 
3 
4 

1533 
9727 

18215 
43284 

1.10e 
5.eee 

1e.ee0 
25.000 

e.011 
4.936 

10.047 
25.144 

e.e01 
-0.064 
e.047 
0.144 

-1.29 
e.47 
1.58 

1 
1 
1 
1 



12-04-1992 • 83150:13 -- 1 

1cul&te Dilution CoTTeetion? Y 

HIGH STD 

GH STD 

Ele. 
Sy■• 

CA 

W&ve
length 

317.933 

"••n P•&k 
Position 

e.0ee5 

l'l•&n Pe&k 
Int•nsity 

42892 

ConeentT&tions foT S&•ple Hu■b•r 1 

H•t P•&k 
Int•n•ity 

42892 

N•t Pe&k C&leul&t•d lnt•Tf•Tenee Net 
Int•nsity Conc•ntT&tion CoTT•ction Conc•ntT&tion 

317.933 
ICV 

Ele. 
Sy■• 

CA 

42892 

Wave
length 

317.933 

l'te&n ·Pe&k 
Position 

e.1e12 

' 24.988 

"••n Pe&k 
Intensity 

18353 

24.988 

Net Peak 
Intensity 

183S3 

••· Wave
• l•ngth 

N•t Pe&k 
Intensity 

Calculated InteTf•Tenc• Net 

317.933 
tea 

18353 

ConcentT&tion CoTT•ction ConcentT&tion 

11.138 18.138 

Dilution 
CoTTection 

24.988 

Dilution 
COTT•ction 

· 18.138 



12-04-1992 I 03153104 -- 2 

An&lysis - S&aple Mu■b•T 3 

Ele. 
Sya. 

CA 

W&v•
l•ngth 

317.933 

N••n P••k 
Position 

N••n P••k 
Intensity 

1:532 

H•t Pe&k 
Int•n•ity 

1:532 

N•t P••k C&lcul•t•d Int•Tf•T•nc• N•t 
Int•n•ity ConcentT&tion CoTT•ction Conc•ntT&tion 

1:532 0.001 

S&apl• W•ight 2 

S•■pl• Volu11• 2 

S&apl• Volu•• se 

A 

lin An&lysis - S&apl• Nu■b•T 4 

El•. 
Sy■• 

CA 

W•v•
l•ngth 

317.933 

N••n P••k 
Position 

0.eees 

N••n Pe&k 
Int•nsity 

34:520 

lcul&ting Conc•ntT&tions foT S&apl• Hu■b•T 4 

0.e10 

N•t P••k 
Int•n•ity 

34:528 

••• W•v•
•• length 

H•t P••k 
Intensity 

C&lcul&ted Int•Tf•Tence N•t 

317.933 
Ics AB 

34:528 

ConcentT&tion CoTTection Concentr•tion 

19.866 19.866 

Dilution 
CoTrection 

0.eee 

Dilution 
CorT•ction 

496.658 



== ,, - ·a,nc:rrs:w 

12-94-1992 I 93154:48 -- 3 

An&lysis - S&apl• Mu•b•r S 

El•• 
Sy•• 

CA 317.933 

l'le&n P••k 
Position 

e.eeea 

"e•n Pe&k 
lnt•nsity 

34552 

lcul•ting Conc•ntr&tions for S••Pl• Hu•b•r S 

Met P••k 
Intensity 

••• W•v•- N•t P•ak C&lcul&t•d Int•Tf•r•nc• N•t 
• length Intensity Concentr&tion Correction Conc•ntr&tion 

317.933 34552 19.885 
CCV 

•T S••ple W•ight 1 

S&■ple Volu•• 1 

An&lysis - S&■ple Mu•b•r 6 

El•. 
Sy■• 

CA 

W•v•
l•ngth 

317.933 

"••n P.••k 
Position 

e.e11s 

l'le•n Pe&k 
lnt•nsity 

18261 

lcul&ting Concentr&tion• for S&■ple Hu■ber 6 

19.885 

Net P••k 
Intensity 

18261 

••• W&v•
•• l•ngth 

M•t Pe•k 
Int•nsity 

Calculated Int•rferenc• N•t 

317.933 
cca 

18268 

Concentr&tion Correction Concentr&tion 

11.174 11.174 

Dilution 
CorTection 

497.125 

Dilution 
Correction 

18.174 



12-84-1992 • 83156:28 -- 4 

8 

gin An~lysis - S&■pl• Nu■ber 7 

Ele. 
Sy■• 

CA 

W&ve
l•ngth 

Ne&n Pe&k 
Position 

No Peak! 

Ne&n Pe&k 
Int•nsity 

1532 

N•t Pe&k 
Intensity 

1532 

••• Wave
•• length 

N•t P•&k 
Int•nsity 

C&lcul&t•d Interf•r•nc• N•t 
Conc•ntr&tion Corr•ction Conc•ntT&tion 

317.933 
28958-1 

'358-1 

1532 

Volu■• 

Ele. Wave- Nean Peak 
Sy■• length Position 

CA 317.933 8.1113 

0.eee 

Ne&n Peak 
Intensity 

31361 

lcul&ting ConcentTations for Sa■pl• Nu■b•T 8 

e.0e0 

Net Peak 
Int•nsity 

31361 

••• W&ve
•• length 

Net Peak Calcul&t•d Interf•r•nc• N•t 

317.933 
28'358-1 DUP 

958-1 DUP 

I~t•n•ity Concentration Correction Concentration 

17.964 17.964 

Dilution 
CoTr•ction 

e.eee 

Dilution 
Correction 

89.828 



~ ~~ .. •~c:,-;,,x --:fflPdMfRc:reezrm:m znrr -+-

12-94-1992 I 93:58104 -- 5 

El•• 
Sy■• 

CA 317.933 

"•an P•ak 
Position 

0.0004 

l'l••n P••k 
Int•nsity 

N•t Peak 
Int•nsity 

31558 

••• Wav•
•• length 

H•t P•ak C&lcul&t•d Int•rf•r•nc• H•t 
Int•nsity Concentr&tion Corr•ction Conc•ntr&tion 

317.933 
28958-1 NS 

CJ58-1 "s 

El•• 
Sy■• 

CA 317.933 

315~0 

l'l•&n Pe&k 
Position 

0.0009 

18.078 

l'l••n P••k 
Int•nsity 

33265 

l~ul&ting Conc•ntr&tions for S&■ple Nu•b•r 10 

18.878 

H•t Pe~k 
Intensity 

33265 

Net Peak 
· intensity 

C&lcul&ted Int•rfer•nce H•t 

317.933 
28958-1 l'ISD 

CJsa-1 "SD 

33265 

C_onc•nt-r&tion Co-rr•ction Conc•nt-r&tion 

19.119 19.118 

lin Analysis - S&■pl• Hu■b•r 11 

Ele. 
Sy■• 

W•v•
l•ngth 

l'l••n P•&k l'le&n Pe&k 
Position Int•nsity 

H•t P••k 
Intensity 

Dilution 
Corr•ction 

90.390 

Dilution 
Co-r-rection 

.9S.S59 



)'II/ / 

12-14-1992 I 93159142 -- 6 

CA 317.933 e.eees 33S83 33583 

1cul&ting Conc:•ntT&tion• foT S&■pl• Nu■b•T 11 

••• W&v•
•• l•ngth 

M•t P•&k C&lc:ul&t•d Int•Tf•T•nc• M•t 
Int•n•ity Conc:•ntT&tion CoTT•c:tion Conc:•ntT&tion 

317.933 
28958-2 

33583 

t•T S&■pl• Volu■• 2 

958-2 

19.382 

gin An&lysis - S&■pl• Nu■b•T 12 

CA 

W&v•- 
l•ngth 

317.933 

l"l••n P•&k 
Position 

a.eee5 

l't•&n P••k 
Int•n•ity 

3813S 

lcul&ting Conc•ntT&tions foT S&■pl• Hu•b•T 12 

19.382 

N•t P••k 
Int•n•ity 

3813S 

N•t P•&k C&lc:ul&ted Int•Tf•T•nc:• N•t 
Int•n•ity Conc:•ntT&tion CoTT•etion Cone•ntT&tion 

317.933 38135 22.843 22.943 
289S8-3 

S&■pl• W•ight s 

S&apl• W•ight 1 

t•T S&■ple Volu•• s 

gin An&lysis - S&■pl• Nu■beT 13 

Dilution 
COTT•c:tion 

96.S18 

Dilution· 
COTT•etion 

44.886 



12-04-1992 I 841~1145 -- 7 

Ele. 
Sy■• 

CA 

Wave
length 

317.933 

Nean Pe&k 
Position 

e.eeea 

"ean Peak 
Intensity 

23661 

Net Pe&k 
Intensity 

23661 

Net Pe&k 
Intensity 

C&lcul&ted Inte,-fe,-ence Net 
ConcentT&tion CoTTection ConcentTation 

317.933 
28'958-4 

23661 13.327 

.,. Sa■ple Weight Use,- AboTt 

S&aple Volu■e 2 

gin Analysis - S&■ple Nuabe,- 14 

Ele. 
Sya. 

CA 317.933 

Ne•n Pe&k 
Position 

e.eee5 

Ne•n Pe&k 
Intensity 

34485 

lcul&ting Concent,-ations fo-r Saaple Huabe,- 14 

13.327 

Net P•ak 
Int•nsity 

Net P•ak 
Intensity 

_Calculat•d Int•,-f•T•nc• Net 

317.933 
289S8-S 

3448S 

ConcentT&tion CoTTection Conc•nt-ration 

19.84S 19.84S 

tin Analysis - Sa■ple Nu■b•-r lS 

Dilution 
Co-r,-•ction 

66.635 

Dilution 
Corr•ction 

39.699 



,. 
~ I zersz:::e:aas,14fr'9>.-·i:e,•,re::::•r•:fti50 

12-94-1992 e ~4193143 -- 8 

Ele. " W&ve
Sya. length 

CA 317.933 

Ne&n Pe•k Ne&n Pe&k 
Position Intensity 

e.e006 49759 

Net Pe&k _, 
Intensity 

49759 

••• W•ve
•• length 

M•t Pe•k 
Intensity 

CAleul•t•d Int•,-f•,-ene• N•t 
ConeentT&tion Co,-r•etion Coneentr&tion 

317.933 
CCV 

48759 23.623 

gin AnAlysis - S&apl• Nuaber 16 

Ele. 
Sya. 

CA 317.933 

Ne&n Pe&k 
Position 

e.e0ea 

Ple•n Pe&k 
Int•nsity 

18111 

lcul&ting Conc•ntT&tions fo,- S&■ple Hu■be,- 16 

23.623 

N•t Pe&k 
Int•nsity 

18111 

••• W&v•
•• length 

Net Pe&k C&leulated Interf•Tenee H•t 

317.933 
CCV 

CCB 

a 

Int•nsity ConeentT&tion Cor,-eetion Cone•ntr&tion 

18111 CJ.98:i 9.98:i 

gin An•lysis - S&aple Nu■b•,- 17 

El•• 
Sy■• 

Wave
length 

Pl••n Pe&k Ne&n Pe&k 
Position Int•nsity 

Met P•&k 
Int•nsitY-

Dilution 
C01'Teetion 

47.246 

Dilution· 
CoTr•etion 

19.978 



12-94-1992 I 94195138 -- 9 

CA 317.933 No P•ak! 1595 

1culating Conc•nt,-ations fo,- Saapl• Nuab•,. 17 

••• Wave
•• l•ngth 

N•t P•ak 
Int•nsity 

Calculat•d Int•,-f•,-•nc• N•t 
Concent,-ation Co,-,.•ction Conc•nt,-ation 

317.933 
ICS A 

S A 

1585 -8.816 

gin Analysis - Saapl• Nuabe,- 18 

Saaple W•ight 2 

Saapl• Volu•• 58 

gin Analysis - Saapl• Nuab•T 18 

Ele. 
Sya. 

CA 

Wave
length 

317.'933 

Pl•an Peak 
Position 

"ean P•ak 
Int•nsity 

34233 

lculating ConcentT&tions fo,- Saaple Nu■b•,. 16 

< e.eee < 

Net Peak 
Int•nsity 

34233 

N•t P•ak 
Intensity 

Calculat•d Int•,-f•T•nc• N•t 

317.933 
ICS AB 

34233 

Conc•ntT&tion CoTT•ction ConcentT&tion 

19.&93 19.693 

Dilution 
Co,-,.•ction 

e.eee 

Dilution 
Co,-,.•ction 

492.325 



12-84-1912 I 84106151 -- 18 

Ele. 
- Sy■• 

Wave
length 

"•&n P•&k 
Position 

"••n Peak 
lnt•nsity 

Net P••k 
lnt•nsity 

CA 317.933 e.e009 34423 34423 

317.933 
CCV 

Sa■pl• 

S&■pl• 

El•• 
Sy■• 

N•t P•&k C&lcul&t•d Int•TfeTenc• Net 
lnt•nsity Conc•ntT&tion CoTTection ConcentT&tion 

34423 19.888 19.888 

W•ight 1 

Volu•• 1 

Pl••n P••k 
Position 

Ne&n P••k 
Intensity 

H•t P••k 
lnt•nsity 

CA 317.933 8.CHUH, 1821S 1a21s 

lcul&ting ConcentT&tions foT S•■Pl• Hu■b•T 20 

Net Peak C&lculat•d InteTfeTenc• H•t 
Intensity ConcentT&tion CoTTection Conc•ntT&tion 

1821S 19.947 18.847 

Dilution 
COTT•ction 

495.288 

Dilution 
CoTTection 

18.847 
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12-04-1992 I ~J:31119 -- 2 

SA■pl• H••• K 766.491 HA 588.995 
-04-1992 

1 HIGH STD 25.071 24.538 
2 ICV 9.501 10.137 

-3 ICB ( e.050 111.206 
4 ICB ( 0.050 8.489 
5 ICS A < e.e5e e.340 
6 ICS AB < e.050 8.255 
7 CCV 9.799 9.735 
8 CCB ( 8.050 e.220 
9 PBW < 0.850 e.212 

10 28958-1 15.962 0Y•l' f 1 Ollf 

11 28958-1 DUP 23.742 Ov•l'flow 
12 28958-1 NS 35.044 Ov•l'flow 
13 28958-1 l'ISD 7.388 36.485 
14 LCS I 9.869 16.463 
15 28958-2 8.398 Ov•l'flow 
16 28958-3 9.144 55.278 
17 28958-4 2.823 12.224 
18 28958-5 2.883 35.842 
19 CCV 11.337 16.445 
28 CCB 0.977 4.137 
21 28958-6 8.727 75.612 
22 28958-6 SER I) 1.364 22.262 
23 ICS A e.163 3.858 
24 ICS AB e.588 3.818 
25 CCV 11.119 14.585 
26 CCV 11.476 14.128 
27 CCV 11.228 13.359 
28 CCB 8.411 3.322 
29 CCB e.372 3.871 



2-04-1992 I 01111133 -- 1 

pTeviously &cquiTed C&lib,-&tion d&t& fo,- this t&sk? N 

or W&velength C&libT&tion, Use <S>p•ci&l OT (C)&l. St&nd&Tds? C 
-

nt•T STANDARD NUftBER (1 - 4) OT -1 to EXITa 1 

ATound NN 257.611 
Pe&k Replic&tion 

Position NuabeT 
Ho Pe&k! 1 
A,-ound FE 259.941 

P•&k Replic&tion 
Position Huab•T 
No P•&k! 1 
ATound NG 279.553 

P•&k Replic&tion 
Position Hu•b•T 

e.0114 1 
ATound CA 317.933 

Pe&k Replic&tion 
Position Hu•b•T 
No P•&k! 1 
ATound AL 396.152 

Pe&k Replic&tion 
Position Hu•b•,. 
No Pe&k! 1 
ATound HA 588.995 

P•&k Replic&tion 
Position NuabeT 

e.eees 1 
ATound K 766. 49.t · 

P•&k Replication 
Position Nu■beT 

Peak Pos. 
lnt•nsity 

NIA 

P•ak Pos. 
Int•nsity 

HIA 

P•ak Po•~ 
Int•nsity 

HIA 

P•ak Pos. 
Int•nsity 

NIA 

Peak Pos. 
Int•nsity 

NIA 

P•ak Pos. 
Int•nsity 

HIA 

K Ho Pe&k! 1 

P•ak Pos. 
Int•nsity 

HIA 
CALIBRATION HK RE-CALCULATED AT END OF 

e,- STANDARD HUPIBER (1 - 4) OT -1 to EXIT1 

•nning 

ATou.nd PIH 
Pe&k 

Position 
8.8811 

ATound FE 
Pe&k 

Position 
e.eees 

ATound PIG 
Pe&k 

Position 

257.611 
Replication 

Hu■beT 
1 

2S9.'948 
Replication 

Hu■beT 
1 

279.553 
Replication 

Nu.ab•T 

P•ak Pos. 
Int•nsity 

9S194 

P•ak Pos. 
Int•nsity 

31658 

Pe&k Pos. 
Int•n•ity 

2 

Off P•ak 
Pnt. 1 Int•ns 

853 

Off P•ak 
Pnt. 1 Int•n• 

Off P•&k 
Pnt. 1 Int•ns 

Off Peak 
Pnt. 1 Inten• 

Off P•ak 
Pnt. 1 Intens 

Off P•ak 
Pnt. 1 Intens 

Off Peak 
Pnt. 1 Intens 

Off Pe&k 
Pnt. 1 Intens 

1526 

Off Peak 
Pnt. 1 Int•n• 

Off P•&k 
Pnt. 1 lntens 

Off P•ak 
Pnt. 2 Int•n• 

832 

Off P•ak 
Pnt. 2 Intens 

Off P•&k 
Pnt. 2 Inten• 

Off Peak 
Pnt. 2 Int•n• 

Off Pe&k 
Pnt. 2 Int•n• 

Off Peak 
Pnt. 2 Intens 

Off P•&k 
Pnt. 2 Intens 

Off Peak 
Pnt. 2 Intens 

1413 

Off P•ak 
Pnt. 2 Int•ns 

Off Peak 
Pnt. 2 Intens 



AT'ound CA 317.933 
Off P••k 1')1 19 Pe•k R•plic&tion Peak Pos. Off P••k 

Position Numb•.,. Int•nsity Pnt. 1 Intens Pnt. 2 Int•ns 
8.0005 1 9051 

AT'ound AL 396.152 
Peak Replication P••k Pos. Off Peak Off P••k 

Position HuabeT' Intensity Pnt. 1 Intens Pnt. 2 Int•ns 
8.0003 1 22155 

AT'ound NA 588.995 
Peak Replic•tion P••k Pos. Off P••k Off P••k 

Position Hu•b•r Intensity Pnt. 1 Inten• Pnt. 2 Int•n• 
8.8009 1 79528 • L 

Around K 766.491 
Pe•k Replic&tion P••k Pos. Off Pe&k Off P••k 

Position Nuaber Intensity Pnt. 1 Int•n• Pnt. 2 Int•n• 
e.eee3 1 1806 

STANDARD tt2 
W&v•length Av• Int " R.S.D. Ref Bl•nk Int Off P••k Int N•t Int 

396.152 22155 H/A e 22155 
317.933 9851 H/A e 9851 
259.948 31658 H/A · e 31650 
279.553 183199 H/A a 183199 



2-04-1992 e 01:20120 -- 2 

-; 257.619 
766.491 
588.995 

STANDARD NUl'IBER 

95194 
1896 

79529 
(1 - 4) OT' 

NIA 
HIA 
NIA 

-1 to EXIT1 

nd&Td Ml solution &spiT'&ting - CONTINUE? 

•••nt 
AL 
CA 
FE 
"a 
"N 
K 

NA 

257.618 
R•plic&tion 

Nu■b•,. 
1 

259.940 
R•plic&tion 

Hu■baT 
1 

279.553 
R•plic&tion 

Hu■b•,. 
1 

317.933 
R•plic•tion 

Hu■b•,-
1 

396.152 
R•plic&tion 

. Hu■beT 
1 

588.995 
R•plic:&tion 

Nu■be,-

ATound NH 
P••k 

Position 
8.0013 

ATound FE 
P••k 

Position 
B.0006 

ATound NG 
P••k 

Position 
e.e0e8 

ATound CA 
P••k 

Position 
e.e0e9 

ATound AL 
P••k 

Pa.ition 
e.0002 

ATound HA 
P••k 

Position 
a.ee12 

ATound K 
P••k 

Position 
-e.ee84 

1 
766.491 

R•plic:&tion 
Hu■beT 

W•v•length 
396.152 
317.933 
259.948 
279.553 
257.618 
766.491 
588.995 

·. ·1 

Av• Int 
48613 
16639 
68949 

P••k Pos. 
Int•nsity 

189641 

P••k Pos. 
Int•nsity 

60949 

P••k Pos. 
Intensity 

365783 

P••k Pos. 
Int•n•ity 

16639 

P••k Pos. 
Int•nsity 

48613 

P••k Pos. 
Int•n•ity 

133875 

Pe&k Pos. 
Intensity 

2231 
STANDARD •a 

" R. S. D. R•f 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

•~ STANDARD NU"BER 

365783 
189641 

2231 
133175 

(1 - 4) 01' -1 to EXIT1 

~d&Td #4 solution &spi1'&ting - CONTINUE? 

•nning A,-ound l'IN 257.6UI 
P••k R•plic:&tion P•ak Pos. 

Position Hu■be,- Int•n•ity 
8.0012 1 461408 

•nning A,-aund FE 259.948 
0 •• 1, i;. ... , ............... 0 •• 1, o ..... 

3 

y 

< L 

Off P••k 
Pnt. 1 Int•ns 

2464 

Off P••k 
Pnt. 1 Int•ns 

Off P••k 
Pnt. 1 Int•ns 

Off P••k 
Pnt. 1 Intens 

Off P••k 
Pnt. 1 Intens 

Off P••k 
Pnt. 1 Intens 

Off P••k 
Pnt. 1 Int•n• 

1478 
8 
9 

93725 
1806 

79520 

Off Pe•k 
Pnt. 2 Int•ns 

1955 

Off P••k 
Pnt. 2 Int•n• 

Off P••k 
Pnt. 2 Int•n• 

Off P••k 
Pnt. 2 Int•ns 

Of~•!!.- 
Pnt. 2 Intens 

Off P••k 
Pnt. 2 Int•ns 

Off P•ak 
Pnt. 2 Int•ns 

Blank Int Off P••k Int 

• 
N•t Int 

48613 
16639 
68949 

y 

Off Peak 
Pnt. 1 Intens 

4823 

n.,., Daal, 

• a 
• 2218 

• 
" 

365783 
187432 

2231 
133875 

Off Pe&k 
Pnt. 2 Int•ns 

3579 

n•• 0 •• 1, 



A-round l'IG 279.553 lr()J I 
P••k R•plication P••k Pos. Off P••k Off P••k 

Position Hu•b•.,. lnt•nsity Pnt. 1 lnt•ns Pnt. 2 lntens 
e.0010 1 902812 

A-round CA 317.933 
P••k R•plic&tion P••k Pos. Off P••k Off Pe•k 

Position Humbel' lnt•nsity Pnt. 1 lnt•ns Pnt. 2 Intens 
e.0007 1 39880 

A"round AL 396.152 
P••k R•plic&tion P•ak Pos. Off P•ak Off P••k 

Position Hu11b•.,. lnt•nsity Pnt. 1 Int•n• Pnt. 2 Inten• 
8.8002 1 94808 

AT'ound NA 588.995 
P••k R•plication P•ak Pos. Off P••k Off P•ak 

Position Hu■b•-r Int•nsity Pnt. 1 Intens Pnt. 2 Int•n• 
e. eeu, 1 292505 

A-round K 766.491 
P•ak R•plication P•ak Pos. Off P•ak Off P•ak 

Position Hu11b•-r Int•n•ity Pnt. 1 lnt•n• Pnt. 2 lnt•ns 
e.0001 1 3803 

STANDARD tt-4 



-84-1992 • 01126100 - - 3 

•••nt W&velength Av• Int " R.S.D. R•f Bl&nk Int Off Pe&k Int H•t Int 
AL 396.152 94808 H/A e 94808 
CA 317.933 39880 H/A e 39880 
FE 259.941 149772 N/A e 149772 
l'IG 279.553 912812 H/A e 902812 
1'1-N 257.611 461408 H/A 4201 457207 
K 766.491 3803 H/A e 3813 

NA 588.995 292515 N/A e 292505 
STANDARD NUNBER (1 - 4) OT -1 to EXIT1 -1 

STANDARD Ml 
•••nt Wavel•ngth Av• Int " R.S.D. R•f Blank Int Off Pe&k Int N•t Int 
AL 396.152 3592 NIA I 3592 
CA 317.933 1389 N/A e 1389 
FE 259.940 1417 NIA e 1417 
l'IG 279.553 513 N/A e 513 
ftN 257.610 920 NIA 843 78 
K 766.491 1263 N/A e 1263 

NA 588.995 21864 H/A e 21864 



~ 2-04-1992 e 01126137 -- 1 
r 
I ,. 

R•sults FoT AL 396.152 

Low Int•nsity High Int•nsity Int•Tcept Slope 

-------------------------------------------------------------
3592 94808 -0.97593 8.00027 1.00000 

Intensity C&lc. Con. Con. ETTOT "ETTOT 

-------------------------------------------------------------------------
1 
2 
3 
4 

• Rl'IS 

3592 8.100 -0.001 
22H55 S.000 5.037 
41613 u,. 000 Ul.947 
94818 25.800 24.757 

ETTOT is 8.759% 

R•sults FoT CA 317.933 

Low Int•nsity High Intensity Int•Tc•pt 

-8.801 
1.aJ1 0.1s 
8.047 8.47 

-0.243 -8.97 

Slop• Cu-rv&tuT• 

-------------------------------------------------------------

1 
1 
1 
1 

1389 39888 -9.98697 e.1016s 1.e8eee 

Int•nsity Conc•n. C&lc. Con. Con. ETTOT % ETTOT OTd•T 

-------------------------------------------------------------------------
1 1389 e.9ee e.80e 8.888 1 
2 9051 s.900 4.999 -1.981 -1.11 1 
3 16639 ·. ·19. 99e 9.958 -9.151 -e.58 1 
4 39889 25.181 2s.11s 1.11s 1.46 1 

• Rl'IS ETTO'r i• 1.398% 

R•sults FoT FE 259.941 

Low Int•nsity High Int•nsity Int•Tcept Slope 

------------------------------------------~------------------
1417 149772 -1.23719 e.00111 1.eeae1 

nda-rd Conc•n• C&lc. Con. Int•nsity 
~------------------------------------------------------------------------1 
2 
3 
4 

1417 
31651 
68949 

14q772 

e.eea 
s.eee 

1e.eee 
2!'ii. GUHi 

a.eea 
s.es9 
9.962 

24.82S 

1.1111 
8.IS9 

-e.e3a 
-l.17S 

1.1a 
-e.3a 
-8.71 

·1 
1 
1 
1 



... 



12-04-1992 e 01126143 -- 2 

Results Fo,- NG 279.S\53 

Lo• Intensity High Intensity Inte,-cept 

902812 

Intensity Concen. 

-0.11411 

C&lc. Con. 

Slope Cu,-v&tuTe 

8.80003 8.00000 

-------------------------------------------------------------------------
1 
2 
3 
4 

\513 
183199 
36\5783 
902812 

8.8e0 
s.000 

10.eee 
25.000 

e.e00 
S.821 

18.839 
24.799 

, • Rl'IS ETT01" is 8.570% 

1'Ye 1 

1 
2 
3 
4 

Results Fo,- NH 257.618 

Low Intensity High Intensity Inte,-cept 

78 

Intensity 

78 
93725 

187432 
457207 

457207 

Concen. 

e.e00 
5.eee 

11.000 
25.800 

-1.00420 

C&lc. Con. 

e.001 
S.848 

18.883 
24.602 

• Rl'fS ETTO'I' is 

Results Fo,- K 766.491 

Lo• Intensity High Intensity Inte,-cept 

e.000 
0.021 
1.039 

-1.201 

Slope 

e.000 
9.841 
1.883 

-8.398 

Slope 

8.42 
8.39 

-1.80 

Cu:rv•tuTe 

1 
1 
1 
1 

1.10000 

1.ae 
1.83 

-1.59 

1 
1 
1 
1 

--------------------------------------------------------------
l'Ve 1 1263 

Intensity 

3813 

Concen. 

-12.\57832 e.ee992 e.eeeee 

C&lc. Con. Con. E,-,-o,- • E,-,-o,-

-------------------------------------------------------------------------1 1263 a.eae -1.845 -a.e-4s 1 
2 1806 s.eee S.3-43 8.3-43 6.87 1 
J 2231 11.eee 9.S61 -8.-439 -4.39 1 
4 3803 25.100 25.161 8.161 9.64 1 

• Rl'IS £1'1'01' is -4. 721'' 



12-04-1992 I 01126148 -- 3 

Results FoT NA 588.995 

Low Intensity High Intensity Intercept 

21864 

Intensity 

292505 

Conc•n. 

-1.98436 

CAlc. Con. 

Slope 

e.00009 e.e00e0 

-------------------------------------------------------------------------
1 21864 e.000 -0.012 -e.1u2 1 
2 79520 5.000 S.1'30 0.190 J.81 1 
3 133075 1e.ee0 10.122 e.022 0.22 1 
4 292505 25.000 24.407 -0.5'33 -2.37 1 

• Rl'IS ETTOT is 2.593" 



~1yz• S••Pl•s 12-04-1992 I 01127:39 -- 1 

1culat• Dilution Co,-.,.•etion? Y 

HIGH STD 

GH STD 

gin Analysis - Sa•pl• Mu■b•.,. 1 

El•. W•v•- Ne•n P••k l'l••n P••k 
Sy■• length Position Int•nsity 

NH 257.61 
Off P••k Int. - 4609 
Off P••k Int. • 3541 

0.8004 468632 
FE 259.'94 -e.0002 151020 
NG 279. 5.53 -0.0001 898004 
CA 317.933 e.0001 40145 
AL 396.152 -e.0004 94477 
NA 588.9'95 0.0002 2'93'957 
K 766.4'91 -8.8004 3794 

ileul•ting Conc•nt,-ations fo.,. Sa11pl• Hu■b•.,. 1 

l••• Wav•- Net P•ak Caleulat•d Int•,-f•.,.•ne• 
Y•• length Int•.nsity Cone•nt-,.ation Co.,..,.•etion 

396.152 94477 24.667 
317.'933 40145 25.288 

E 259. 94 151128 25.933 
27'9.S53 898884 24.667 
257.61 46455? 24.998 
766.491 3794 25.071 

A 588.995 29395? 24.538 
ICV 

CV 

H•t P•ak 
Int•nsity 

464557 
151020 
898004 

40145 
. 94477 
293957 

3794 

N•t Dilution 
Conc•ntl'&tion Co-,..,.•etion 

24.667 24.667 
25.288 25.288 
25.933 25.133 
24.667 24.667 
24.998 24.998 
2S.971 25.171 
24.538 24.538 



12-04-1992 • 01130:34 -- 2 

gin An•lysis - S•mpl• Number 2 

Ele. W&ve- Pl••n Pe•k Pl••n P••k Net Pe&k 
SyM. l•ngth Position Int•nsity Intensity 

l'IN 257.61 
Off P••k Int. - 2412 
Off P••k Int. - 1915 

8.0801 189872 187788 
FE 259.94 -8.0001 60518 60510 
l''IG 279.553 -e.0001 365769 365769 
CA 317.933 -0.0002 16966 16966 
AL 396.152 -B.0003 40626 40626 
HA 588.995 0.0001 134344 134344 
K 766.491 -0.0001 2225 2225 

lcul•ting Concentr&tions for S&apl• Nu•ber 2 

le11. W•v•- M•t Pe•k C&lcul•t•d Interferenc• N•t Dilution 
•• l•ngth Intensity Conc•ntTAtion Corr•ction Conc•ntr&tion Corr•ction 

396.152 40626 10.051 10.051 10.051 
317.933 16966 10.164 10.164 u,. 164 
259.94 60510 9.888 9.888 9.888 
279.553 365769 10.039 U9.0J9 10.039 
257.61 187708 10.098 10.098 10.098 
766.491 2225 9.501 9.501 9.501 
588.995 134344 10.137 10.137 10.137 

ICB 

gin An&lysis - S&•pl• Nu•b•T 3 

El•. W•v•- l'l••n P••k l'le&n P••k N•t P••k 
Sy•. l•ngth Position Int•nsity Int•n•ity 

l'IN 257.61 
Off P••k Int. - 842 
Off P••k Int. - 855 

No Pe&k! 909 68 
FE 259.94 No P••k! 1481 1401 
l'IG 279.553 Mo P•&k! 446 446 
CA 317.933 Mo P••k! 1363 1363 



12-04-1992 I 011JS1S4 -- 3 

AL 396.152 
HA 588.995 
K 766.491 

No P••k! 
-e.e0e2 

No P••k! 

3598 
24281 

1233 

•·· W•v•- N•t P••k C•lcul•t•d lnt•rf•r•nc• 
•• l•ngth Int•n•ity Conc•ntr•tion Corr•ction 

396.152 3598 0.001 
317.933 1363 -0.017 
259.94 1401 -0.003 
279.553 446 -0.002 
257.61 60 -0.001 
766.491 1233 -0.343 
588.995 24281 0.206 

B 

gin AnAlysis - S•■pl• Nu■b•,- 4 

El•. W•v•- l'l••n P••k l'l••n P••k 
Sy■• l•ngth Position Int•nsity 

l'IH 257.61 
Off P••k Int. - 854 
Off P••k Int. - 852 

No P••k! 885 
FE 259.94 No P••k! 1397 
l'IG 279.553 No P••k! 412 
CA 317.933 No Pe ... k! 1371 
AL 396.152 No Pe .. k! 3561 
HA 588.995 -0.0001 27414 
K 766.491 No Pe .. k! 1226 

lcul .. ting Conc•nt,-•tions for S••Pl• Nu■b•r 4 

••• W•v•- N•t Pe .. k C•lcul•t•d Int•rf•,-•nc• •• l•ngth Int•n•ity Concentr .. tion Co,-r•ction 

396.152 3561 -0.809 
317.933 1371 -0.012 
259.94 1397 -8.083 
279.SSJ 412 -0.003 

3598 
24281 

1233 

H•t 
Conc•nt-r•tion 

0.001 
( 0.010 ( 
( 0.010 ( 

( e.0s0 ( 
( 0.000 ( 

( e.ese ( 

8.216 

N•t P• .. k 
lnt•n•ity 

32 
1397 

412 
1371 
3561 

27414 
1226 

N•t 
Concentr•tion 

( 0.000 ( 
( 0.a10 ( 

( e.a10 ( 
( e.ase ( 

Dilution 
Co,--r•ction 

0.001 
e.010 
0.010 
e.ese 
0.000 
0.050 
0.206 

Dilution 
Co,-,.•c:tion 

0.eee 
8.010 
0.010 
e.es0 



12-94-1992 I 11141159 -- 4 

,._ 

257.61 32 -1.e02 < 1.eee < a.eee 
766.491 1226 -1.412 < 1.150 < e.a~0 
588.995 27414 e.489 e.489 0.489 

JCS A 

S&aple W•ight 2 

S&■ple Volu•• 50 

gin An&lysis - S&■pl• Mu■b•~ 5 

Ele. W&ve- f'te&n Pe&k "••n Pe&k Met Pe&k 
Sya. length Position Intensity Intensity 

"N 257.61 
Off P••k Int. - 891 
Off Pe&k Int. - 869 

No Pe&k! 922 42 
FE 259.94 e.a003 48344 48344 
"G 279.553 e.a003 714603 714603 
CA 317.933 0.0002 32039 32839 
AL 396.152 e.0013 75439 75439 
NA 588.995 e.eee1 25766 25766 
K 766.491 No P••k! 1221 1221 

kul&ting Concent~&tions fo~ S&aple Mu.ab•~ s 

••• Wav•- N•t P•ak ·C&lculat•d Int•~f•~•nc• N•t Dilution 
•• length Intensity Concent~&tion Co~~•ction Concent~&tion Co~~•ction 

396.152 75439 19.508 19.588 487.508 
317.933 32839 19.999 19.999 499.975 
259.94 48344 7.852 7.852 196.388 
279.SSJ 714613 19.627 19.627 498.675 
257.61 42 -8.112 ( ••••• ( a.011 
766.491 1221 -8.462 < a.asa < a.as0 
sa8.99S 25766 e.341 8.348 a.sea 

ICS AB 

• 



12-04-1992 e 01145108 -- 5 

S AB 

Ele. 
Sy■• 

NH 257.61 

"e•n Pe•k "e•n Pe•k 
Position Intensity 

Off Pe•k Int. - 883 
Off Pe•k Int. - 884 

-0.0003 1284 
FE 259.94 e.0000 48304 
l'IG 279.553 e.0002 703698 
CA 317.933 0.0003 31173 
AL 396.152 e.0001 75426 
HA 588.995 -e.0001 24815 
K 766.491 Ho Peak! 1247 

••• W•ve- M•t Pe•k Calculated Int•,-f•T•nce 
•• length Intensity ConcentT&tion 

396.152 75426 19.496 
317.933 31173 19.434 
259.94 48304 7.846 
279.553 7036'38 19.327 
257.61 400 e.017 
766.491 1247 -0.204 
588.995 24815 e.255 

CCV 

t.,. Saaple Weight 1 

t.,. S&■pl• Volu.ae 1 

V 

gin An&lysis - S•■ple Nu■be,- 7 

Ele. 
Sy■• 

"••n Pe&k Ne&n Pe&k 
Position Int•nsity 

Co,-,-•ction 

Net Pe•k 
Intensity 

400 
48304 

703698 
31173 
75426 
24815 

1247 

Met 
ConcentT•tion 

19.496 
19.434 
7.846 

19.327 
B.017 

< 0.050 
8.255 

N•t P•ak 
Int•nsity 

< 

Dilution 
Co,-,-ec:tion 

487.400 
485.850 
196.150 
483.175 

B.425 
e.e5e 
6.375 



12-94-1992 -• 91148:09 -- 6 

> MN 257.61 ·=--

Off P••k Int. - 2421 
Off P••k Int. - 1883 

-e. eecu 185943 183791 
FE 259.94 e.0000 68921 60921 
PIG 279.553 e.1001 354290 354290 
CA 317.933 8.8081 16460 16468 
AL 396.152 8.8881 39378 39378 
NA 588.995 8.8883 129885 129885 
K 766.491 -8.8882 2255 2255 

lcul•ting Conc•nt~•tions foT S••Pl• Nu•b•T 7 

••• W•v•- M•t P••k C&lcul•t•d Int•Tf•~•nc• M•t Dilution 

•• l•ngth Int•nsity Conc•ntT&tion CoT~•ction Conc•ntT&tion Co~Tection 

396.152 39378 9.712 9.712 9.712 
317.933 16468 9.834 9.834 9.834 
259.94 68921 9.957 9.957 9.957 
279.553 354290 9.723 9.723 9.723 
257.61 183791 9.887 9.887 9.887 
766.491 2e5s 9.799 9.799 9.799 
588.995 129885 9.735 9.735 9.735 

CCB 

8 

gin An&ly•i• - S••Pl• Mu■b•T a 

El•• W&ve- "e•n P•&k fll••n Pe&k H•t P•ak 
Sy•• l•ngth Position Intensity Int•nsity 

NN 257.61 
Off Peak Int. - 848 
Off P•ak Int. - 864 

No P•ak! 898 34 
FE 259.94 Ho P•ak! 1484 1484 
NG 279.553 Ho P•ak! 445 445 
CA 317.933 Ho P•ak! 1363 1363 
AL 396.152 Ho P•ak! 3682 3682 
NA 588.995 -8.8883 24437 24437 
K 766.491 Mo Peak! 1246 1246 



12-04-1992 I 01152:58 -- 7 

1cul&ting ConcentT&tions fol' S&■ple HuabeT 8 :., 

•·· W•v•- Met Peak Calcul&t•d Int•,-f•T•nc• H•t Dilution 
. length Intensity Concentl'&tion CoTT'ection Conc•ntl'ation CoT'T•ction 

396.152 3602 8.802 1.e02 0.002 
317.933 1363 -8.817 ( e.010 ( 0.010 
259. 9'4 1404 -B.802 ( 1.118 ( 0.110 
279.553 445 -e.0e2 < 8.850 < 0.150 
257.61 34 -1.002 < e.eee < 1.100 
766.491 1246 -0.214 < 8.050 < e.0s0 
588.995 24437 1.220 0.220 e.220 

PBW 

Sa■ple Weight 100 

Sa■ple Volu•e 180 

Analysis Sa■ple Mu■beT 9 

Ele. Wave- Nean Peak Nean P•ak Net P•ak 
Sy■• l•ngth Position Intensity Int•nsity 

NH 257.61 
Off Peak Int. - 850 
Off Peak Int. - 85S 

Ho P•ak! 881 28 
FE 259.94 No P•ak! 1411 1411 
NG 279.553 Ho P•.ak ! 434 434 
CA 317.933 Ho Peak! 1358 1358 
AL 396.152 Ho P•ak! 3S91 3S91 
NA 588.99S -a.1003 24338 24338 
K 766.491 Ho P•ak! 12S3 12S3 

lculating Concentl'ations fol' Sa■ple Hu■b•,- CJ 

••• Wave- N•t P•ak Calculat•d Int•,-fe,-•nc• Net Dilution . length Intensity Conc•ntl'ation Co,-,-ection Conc•nt,-ation CoTTection 

396.1S2 3591 -e.ee1 < a.100 < e.eea 
317.933 1358 -0.021 < a.ate < e.a1a 
259.94 1481 -1.883 < e.110 < a.ate 



12-04-1992--I 01155120 -- 8 

279.S53 
257.61 
766.491 
~88.995 

28958-1 

El•. 
Sya. 

W•v•
length 

NH 257.61 

434 -0.002 
28 -8.003 

1253 -8.144 
24338 e.212 

N••n P••k N••n Pe•k 
Position Intensity 

Off P•ak Int. • 948 
Off Pe•k Int. • 931 

( 9.050 
( e.000 
( 0.050 

0.212 

Net Peak 
Intensity 

e.0002 7874 6934 
FE 259.94 e.0000 83312 83312 
NG 279.553 8.0093 376714 376714 
CA 317.933 0.0001 131095 13109S 
AL 396.152 0.9ee1 28051 28051 

( 0.050 
( 0.000 
( 9.050 

0 . 212 

NA S88.995 OVER RANGE! RetTying IntegTation and Reads RetTy Hu•b•T 1 
ER RANGE! R•tTying IntegTation and Reads RetTy Nu•beT 2 
t•apted lntegTation and Reads Failed 3 ti••• 

ntegTation and Re•d AboTted with INTENSITY OVER RANGE ETTOT 
•Tflow 

K 766.491 e.&991 2876 2876 

lculating ConcentTations foT Saaple NuabeT 18 

••• Wave
•• length 

396.1S2 
317.933 
2S9.94 
279.SS3 
2S7.61 
766.491 
588.995 

28958-1 DUP 

Net Peak Calculated InteTfeTence Net 
Intensity · ConcentTation CoTTection ConcentTation 

280s1 6.638 6.638 
131895 84.639 84.638 
83312 13.794 13.704 

376714 18.340 18.348 
6934 9.369 e.369 
2876 lS.962 lS.962 

OveTflow 

Dilution 
CoTi-ection 

6.638 
84.639 
13.714 
18. 340 
0.369 

15.962 



12-04-1992 I 02:00140 -- 9 

El•. 
Sy■• 

N••n P••k N••n P••k 
Po•ition Int•n•ity 

H•t P•ak 
Int•n•ity 

NH 257.61 
Off P••k Int. • 957 
Off P••k Int. • 924 

-e.ee03 7630 6689 
FE 259.94 -0.0002 83622 83622 
NG 279.553 8.0000 377093 377093 
CA 317.933 8.0004 130701 130701 
AL 396.152 8.0001 27959 27959 
HA 588.995 OVER RANGE! R•tTying Int•gration &nd R•ad: R•t,-y Mu■b•T 1 

R RANGE! R•trying Int•g,.•tion and R••d• R•try Hu■ b•,. 2 
t•■pt•d Int•gT&tion and R••d1 Fail•d 3 ti••• 
t•gT&tion and Re•d Abort•d •ith INTENSITY OVER RANGE ETTOT 
nflo• 

K 766.491 -8.0002 3660 3660 

lculating Conc•nt,-•tion• fo1' Sa■pl• Hu■ b•,- 11 

••• Wave- H•t P•ak Calculat•d Int•,-f•T•nc• 
•• l•ngth Int•nsity Conc•nt1'&tion CorT•ction 

396.152 27959 6.613 
317.933 130701 84.373 
259.94 83622 13.755 
279.553 377993 19.350 
257.61 6689 0.356 
766.491 366B 23.742 
588.995 0v•1'flo• 

28958-1 NS 

8958-1 NS 

£1•
Sya. 

Wav•
l•ngth 

N••n P••k N••n P••k 
Po•ition Int•n•ity 

H•t 
Conc•ntT•tion 

6.613 
84.373 
13.755 
19.350 
0.356 

23.742 

H•t Peak 
Int•n•ity 

Dilution 
CoTT•ction 

6.613 
84.373 
13.755 
10.350 
8.356 

23. 7""2 



12-04-1992 I 0210510? -- 10 

NH 257.61 
Off Pe&k 
Off Pe•k 

Int. • 1398 
Int. • 1205 

-0.0001 55531 54233 
FE 259.94 -e.e002 97629 97629 
NG 279.553 e.0000 469712 469712 
CA 317.933 0.0002 134965 134965 
AL 396.152 8.0801 37762 37762 
HA 588.995 OVER RANGE! Ret,-ying Integ1"&tion &nd Re&dl 

ER RANGE! Ret,-ying Integ1"&tion &nd Re•d1 Ret,-y Nu■be,- 2 
t•■Pt•d Int•g,-&tion &nd R••d1 F&il•d 3 ti••• 
t•g,.&tion &nd Re&d Abo,-ted with INTENSITY OVER RANGE Error 
•rflow 

K 766.491 -0.0004 4799 

lcul&ting Concentr&tions for S&■ple Hu■ber 12 

••• W&ve
•• length 

N•t P••k C&lcul&ted Interfe,-•nc• Net 
Int•nsity Conc•nt1"&tion Cor,-•ction Concentr&tion 

396.152 37762 9.273 9.273 
317.933 134965 87.155 87.155 
259.94 97629 16.099 16.099 
279.553 -469712 12.896 12.896 
257.61 5-4233 2.915 2.915 
766.-491 -4799 35.044 35.0-44 
588.995 Ove,-flow 

28958-1 NSD 

958-1 NSD 

gin An&lysis - S&■pl• Nu■be,- 13 

Ele. W&ve- Ne&n P•&k "e•n Pe&k Net P•&k 
Sy■• length Position Intensity Intensity 

NN 257.61 
Off P••k Int. - 1387 
Off Pe&k Int. - 1220 

a.eeee 57987 56683 
FE 259.9-4 -0.0ee2 UJ9151 198151 
NG 279.553 e.eee0 476865 476865 
CA 317.933 9.8886 1317-4-4 13174-4 

R•try Nu■ber 1 

Dilution 
Co,-,.•ction 

9.273 
87.155 
16.199 
1a.a96 

- -- 2.915 
35. 0-4-4 



12-84-1992 e 82109135 -- 11 

396.152 8.8881 38922 38922 AL 
NA 

.8009 
K 

588.995 OVER RANGE! 
426376 

R•t1'ying Integ1'ation and Re•d• 
426376 

766.491 8.0004 2812 2812 

•·· Wav•- N•t P••k Calculat•d Int•,-f•,-•nc• N•t 
•• l•ngth Int•nsity Conc•nt1'Ation Co1'1'•ction Conc•ntT'Ation 

396.152 38922 9.588 9.588 
317.933 131744 85.054 85.054 
259.94 100151 16.521 16.521 
279.553 476865 13.092 13.092 
257.61 56683 3.046 3.046 
766.491 2012 7.388 7.388 
588.995 426376 36.485 36.485 

LCS I 

S I 

gin An•lysis - S••Pl• Nu■ b•1' 14 

El•. W•v•- l'l••n P••k fil••n P••k N•t P••k 
Sy■• l•ngth Position Int•nsity Int•n•ity 

NH 257.61 
Off P••k Int. - 1349 
Off P••k Int. - 1153 

-e.0902 56833 54782 
FE 259.94 -8.9881 18782 18782 
NG 279.553 -8.8881 187538 107530 
CA 317.933 8.8085 5979 5979 
AL 396.152 8.1881 14544 14544 
NA 588.995 8.8882 284456 284456 
K 766.491 8.8882 2262 2262 

••• Wav•
•• l•ngth 

N•t P••k C•lcul•t•d Int•,-f•,-•nc• N•t 
Int•n•ity Coneent1'Ation Co1'T'•ction Cone•nt1'Ation 

396.152 2.972 2.972 

R•t,-y Nu•b•T' 1 

Dilution 
Co1"1'•ction 

9.588 
85.054 
16.521 
13.192 
3.046 
7.388 

36.485 

Dilution 
Co1"1•ection 

2.972 
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317.933 S979 2.99S 
259.94 18782 2.892 
279.S53 187530 2.941 
257.61 54782 2.944 
766.491 2262 9.869 
588.995 284456 16.463 

28958-2 

958-2 

gin An•lysis - S•apl• Nu■b•T 15 

El•. 
Sya. 

W•v•
l•ngth 

N••n P••k "••n P••k 
Position Intensity 

NN 2S7.61 
Off P••k Int. • 912 
Off P••k Int. • 985 

2.~9S 
2.892 
2.941 
2.944 
9.869 

16.463 

Net P••k 
Int•n•ity 

8.0004 3040 2131 
FE 2S9.94 8.8802 30216 38216 
NG 279.553 8.0081 239547 239547 
CA 317.933 e.0014 62668 62668 
AL 396.152 -8.8881 13210 13210 
NA 588.995 OVER RANGE! R•t,-ying IntegTation and Re&d1 

ER RANGE! R•t,-ying Int•gT&tion and R••da RetTy Huabe,- 2 · 
teapted Int•gTation and Re&da Fail•d 3 ti••• 
t•gT&tion &nd R••d AboTted with INTENSITY OVER RANGE ETTOT 
e,-flow 

K 766.491 e.08e3 2113 2113 

••• Wav•- H•t Peak Caleulat•d Int•,-f•T•nee H•t 
•· l•ngth Int•n•ity Cone•ntT&tion CoTTeetion Conc•nt,-ation 

396.152 
317.933 
259.94 
279.SSJ 
257.61 
766.491 
588.995 

28958-3 

13219 
62668 
39216 

239547· 
2131 
2113 

Ov•Tflow 

2.699 
39.978 
4.819 
6.578 
a.110 
8.398 

e.689 
39.978 

4.819 
6.579 
0.110 
8.398 

2.995 
2.892 
2.941 
2.944 
9.869 

16.463 

Ret,-y Nu•b•T 1 

Dilution 
Co,-,-ection 

2.699 
3'9.978 
4.819 
6.578 
0.11a 
8.398 
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958-3 

gin An•lysis - S•■Pl• Nu■b•T 16 

Ele. W•v•- "••n Pe•k "••n Pe•k 
Sy■• length Position Intensity 

"H 257.61 
Off P••k Int. - 881 
Off Pe•k Int. - 867 

-0 • GU!Ui!ll 1807 
FE 259.94 -e.1101 8064 
PIG 279.553 -B.0002 600365 
CA 317.933 e.0005 96460 
AL 396.152 e.0001 6269 
NA 588.995 B.0007 634655 
K 766.491 -0.000s 2189 

lcul•ting Conc•ntT•tions foT S•■ple Hu■b•-,. 16 

••• W•ve- Net P•ak C•lcul•ted Int•-,.f•Tenc• 
• l•ngth Int•nsity Concent-r•tion 

396.152 6269 8.726 
317.'933 96460 62.832 
259.94 8064 1.112 
279.553 600365 16.487 
257.61 933 0.846 
766.491 2189 9.144 
588.995 634655 SS.278 
8958-4 

Ele. W•v•- "••n P••k "e•n P••k 
Sy■• l•ngth Position Intensity 

"" 257.61 

Co-rTection 

Net P••k 
Int•nsity 

933 
8064 

600365 
96461 

6269 
634655 

2189 

Net 
Conc•nt,-•tion 

8.726 
62.832 

1.112 
16.487 
8.846 
9.144 

SS.278 

N•t P••k 
Intensity 

Dilution 
Co-r-r•ction 

8.726 
62.032 

1.112 
16.487 
8.846 
9.144 

55.278 



12-04-1992 • 02121143 -- 14 

.. 
: !.. ... 
~t Off Pe•k Int. - 847 

I •• 

Off Pe&k Int. 843 ;... -
' 

0.0002 1887 1142 
FE 259.94 0.0000 11160 18168 

- t:~ PIG 279.553 0.1004 517291 517291 -~ 
~ .. CA 317.933 0.0008 57114 57114 

AL 396.152 8.8088 6845 6845 
NA 588.995 OVER RANGE! R•t-rying Integ-ration &nd Read1 Ret,-y Hu•b•,. 1 

ER RANGE! Ret-rying Integ,-•tion and Re•d• Ret'ry Hu•be,- 2 
Pe&k! 157472 157472 

K 766.491 0.0001 1552 1552 

lculating Conc•nt'r&tions fo-r S••Pl• Nu■be-r 17 

••• Wave- Net P••k C•lculat•d Int•-rf•-r•nc• H•t Dilution 
•• l•ngth Intensity Concent-r&tion Co,-,.ection Concentl"Ation Co-r-rection 

396.152 6845 0.882 8.882 0.882 
317.933 57114 36.359 36.359 36.359 
259.94 10160 1.463 1.463 1.463 
279.553 517291 14.203 14.203 14.203 
257.61 1042 0.0s2 8.852 0.0s2 
766.491 1552 2.823 2.823 2.823 
588.995 157472 12.224 12.224 12.224 

f 

958-5 

gin An&lysis - S&•ple Hu■be-r 18 

Ele. Wave- l'te&n P••k l'l••n P•ak Net Peak 
By•. l•ngth Position Intensity Intensity 

PIH 257.61 
Off Peak Int. - 849 
Off Pe•k Int. - 851 

~ 0.0002 2857 1287 
FE 259.94 8.0003 11182 11182 
PIG 279.553 0.0006 533558 S33SS8 
CA 317.933 0.ee10 65929 65929 



.i ., 
12-04-1992 a 02125151 -- 15 

AL 396.152 0.0005 7483 7483 
NA 588.995 OVER RANGE! R•tTying lnt•gT&tion and R•ad1 R•tTy NuabeT 1 

R RAHGE! RetTying lnt•gration &nd Reada Retry Hu■b•r 2 
.0033 419242 419242 

K 766.491 1.0000 1550 1550 

lcul.ating Concentrations for Saaple Hu•b•r 18 

, .. Wave- Net Peak Calculated InterfeT•nc• N•t 

•• length Intensity ConcentTation Correction Concentration 

396.152 7483 1.055 1.055 
317.933 6592'3 42.111 42.111 
259.94 11182 1.634 1.634 
279.553 533550 14.658 14.650 
257.61 1207 0.061 8.861 
766.491 1558 2.803 2.803 
588.995 419242 35.842 35.842 

CCV 

gin Analysis - Sample NuabeT 19 

Ele. Wave- Nean P•ak Nean Peak Net Peak' 
Sya. l•ngth Position Int•nsity Intensity 

NN 257.61 
Off Peak Int. - 2206 
Off Peak Int. - 1819 

1.a013 175632 173619 
FE 259.94 0.eee2 56893 56893 
NG 279.553 1.0ee2 334388 334388 
CA 317.933 0.0002 15336 15336 
AL 396.152 e.eea3 37621 37621 
NA 588.995 0.ee0s 284264 284264 
K 766.491 1.0002 2410 2411 

Net P•ak Caleul&t•d lnteTfeTenee N•t 
Int•nsity Cone•ntT.ation CoTT•etion Conc•ntT&tion 

Dilution 
CoTrec:tion 

1.055 
42.111 
1.634 

14.650 
0.061 
2.883 

35.842 

Dilution 
CoT,.•ction 



(Y14 j 

12-04-1992 e 02130112 -- 16 

396.152 37621 9.235 
317.933 15336 9.1ee 
259.94 56893 9.283 
279.553 334388 9.176 
257.61 173619 9.341 
766.491 2419 11.337 
588.995 214264 16.445 

An&lysis - S&Mpl• Mu•b•~ 29 

CCB 

gin 

El•. 
Sy■• 

W•v•- N••n P••k 
l•ngth Position 

N••n P••k 
Int•nsity 

An&lysis - S•■Pl• Hu■b•~ 29 

Ele. W•v•- N••n P••k "••n P••k 
Sy•. l•ngth Position Int•nsity 

NH 257.61 
Off P••k Int. - 829 
Off P••k Int. - 798 

Ho P~•k! 834 
FE 259.94 No Ptt&k! 1343 
NG 279.553 Ho P••k! 416 
CA 317.933 Ho P•&k! 1311 
AL 396.152 No Peak! 3414 
NA 588.995 9.1e16 67846 
K 766.491 No P••k! 1366 

lcul&ting Conc•nt~&tions fo~ S&■pl• Hu•b•~ 21 

9.235 
9.111 
9.283 
9.176 
9.341 

11.337 
16.445 

H•t P••k 
Int•nsity 

H•t P••k 
Int•nsity_ 

2S 
1343 
416 

1319 
3494 

67846 
1366 

N•t P••k C&lcul&ted Int•~f•~•nce N•t 
Int•nsity Concent~&tion Co~~•ction ConcentT&tion 

39£..152 3484 < a.e11 < 

9.235 
9.181 
9.283 
9.176 
9.341 

11.337 
16.445 

Dilution 
Co~T•ction 

1.111 



12-04-1992 I 02136101 -- 17 

317.'933 1310 -0.051 
259.94 1343 -1.e12 
279.553 416 -0.003 
257.61 25 -0.003 
766.491 1366 8.977 
588.995 67846 4.137 

28958-6 

958-6 

gin An&lysis - S&•pl• Nu•b•,- 21 

El•• W•v•- "••n P•&k "••n P••k 
Sy•. l•ngth Position Int•nsity 

NN 257.61 
Off P•&k Int. - 837 
Off P•&k Int. - 811 

0.0001 1718 
FE 259.94 e.0001 9475 
NG 279.553 -1.0001 726530 
CA 317.933 e.0003 114954 
AL 396.152 e.e086 6255 
HA 588.995 e.eee6 860031 
K 766.491 e.0100 2147 

H•t P•&k C&lc~ul&t•d Int•,-f•,-•nc• 
Int•n•ity Conc•nt,-&tion Co-r,-ection 

396.152 6255 e.122 
317.933 114954 74.099 
259.94 9-475 1.348 
279.553 726530 19.954 
257.61 894 8.84-4 
766.491 2147 8.727 
saa.995 860831 75.612 

28'358-6 SER DIL .,. 
S&■pl• W•ight 1 

S&•pl• Vol"•• 4 

< a.e10 
( e.110 
< 8.050 
< e.080 

0.'977 
4.137 

H•t P••k 
Int•nsity 

894 
9475 

726539 
114954 

6255 
860031 

2147 

Net 
Conc•nt,-&tion 

e.122 
74.999 

1.348 
19.954 
e.e44 
8.727 

75.612 

( 

< 
< 
< 

0.010 
0.010 
0.050 
1.000 
0.977 
4.137 

Dilution 
Co,-,.•ction 

8.722 
74.899 
1.348 

19.954 
8.844 
8.727 

75.612 



.i 

12-04-1992 e 02141157 -- 18 

95&-6 SER DIL 

An•lysis - S•■pl• Mu■b•,- 22 

El•• W•v•- l'l••n P••k l'l••n P••k H•t P••k 
Sy■• l•ngth Position Int•nsity Intensity 

NH 257.61 
Off Pe•k Int. - 823 
Off P••k Int. - &06 

e.0000 1088 273 
FE 259.94 1.0001 3483 3483 
PIG 279.553 e.0001 193562 193562 
CA 317.933 0.0009 31837 31037 
AL 396.152 No Pe•k! 4084 4084 
NA 5&8.995 e.0006 26&731 268731 
K 766.491 Ho Pe•k! 1405 1405 

Net Pe•k C•leul•t•d Int•,-fe,-enee Net . Dilution 
Co,-r•etion Int•nsity 

396.152 4984 
317.933 31037 
259.94 34&3 
279.553 193562 
257.61 273 
766.491 1485 
S88.995 268731 

lCS A 

S••ple Weight 

s .. pl• Volu•• 

Cone•nt,-•tion 

e.133 
19.345 
8.346 
5.306 
a.a1e 
1.364 

22.262 

2 

se 

Co,-,.•etion Cone•nt,-•tion 

0.133 
19.345 
e.346 
S.306 
8.818 
1.364 

22.262 

e.sa2 
77.388 

1.384 
21.224 
8.848 
S.456 

89.848 



12-04-1992 e 82144147 -- 19 

Ele. 
Sy■• 

"N 

FE. 
NG 
CA 
AL 
HA 
K 

257.61 
Off Pe•k 
Off Pe•k 

259.94 
279.553 
317.933 
396.152 
588.995 
766.491 

l'le•n Pe•k 
Position 

Int. -Int. -No Pe•k! 
e.0002 
0.1002 
8.0015 
B.0014 
e.00ea 

No Peak! 

Ne•n Pe•k 
Intensity 

837 
829 

873 
55766 

788665 
36344 
88012 
64757 

1284 

lcul•ting Concent,-•tions fo,- Sa■ple Nu■be,- 23 

••• Wave- Net Peak Calculated Inte,-fe,-ence 

•• length Intensity ConcentTAtion Co,-,-ection 

396.152 88812 22.912 
317.933 36344 22.808 
259.94 55766 9.094 
279.553 788665 21.662 
257.61 40 -0.882 
766.491 1284 9.163 
588.995 64757 3.858 

ICS AB 

S AB 

gin Analysis - Sa■ple Nu■be,- 24 

Ele. Wave- Ne•n Pe•k Nean Peak 
Sy■• length Position Int•nsity 

NM 257.61 
Off Peak Int. - 898 
Off Peak Int. - 863 

e.eee6 1334 
FE 259.94 0.0013 53991 
NG 279.553 0.0003 788365 
CA 317.933 e.1014 34949 
AL 396.152 e.0013 1_4661 
HA 588.995 a.e0e1 64219 

Net Pe•k 
Intensity 

41 
55766 

788665 
36344 
88012 
64757 

1284 

Net 
Concent,-•tion 

22.912 
22.808 
9.094 

21.662 
( e.000 

e.163 
3.858 

Net P••k 
Intensity 

457 
53991 

788365 
34949 
84661 
64219 

Dilution 
Co,-,-ection 

572.800 
570.200 
227.350 
541.550 

( e.000 
4.175 

96.458 



... ~-----------.------------- ---

12-04-1992 I 02149124 -- 20 

K 766.491 Ho Pe&k! 1326 1326 

ConcentT&tions foT S&apl• Nu•b•T 24 

Net P•&k C&lcul&t•d Int•TfeT•nc• N•t 
Int•nsity Concent..-&tion Co..-..-ection ConcentT&tion 

396.152 
317.933 
259.94 
279.553 
257.61 
766.491 
588.995 

CCV 

84661 
34949 
53991 

788365 
457 

1326 
64219 

22.003 
21.897 
8.797 

21.654 
0.020 
e.580 
3.810 

n&lysi• - S&•pl• Nu•b•T 25 

W&ve- l'l•&n P•&k l'l•&n P••k 
length Position Intensity 

l'IH 257.61 
Off P•&k Int. - 2456 
Off P••k Int. - 2895 

8 . 1815 213361 
FE 259.94 8.1092 68368 
PIG 279.553 8.8081 392345 
CA 317.933 ••• 815 18581 
AL 396~152 8.8889 44816 
NA 588.995 8.8089 182757 
K 766.491 8.1011 2388 

lcul&ting Conc•nt..-&tion• foT S&aple NuabeT 25 

••• Wave- N•t P•&k C&lcul&ted Inte..-f•T•nc• 
•• length Intensity ConcentT&tion Co..--rection 

396.152 44816 18.971 
317.933 18591 11.165 
259.94 68368 11.283 
279.553 392345 19.769 

22.083 
21.897 

8.797 
21.654 

0.020 
0.580 
3.810 

Net Pe&k 
Intensity 

211185 
68368 

392345 
18581 
44816 

182757 
2388 

N•t 
ConcentT&tion 

18.971 
11.165 
11.203 
19.769 

Dilution 
CoTTection 

558.075 
547.425 
219.925 
541.350 

0.500 
14.500 
95.250 

Dilution 
CoTT•ction 

274.275 
279.125 
289.875 
269.225 
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12-84-1992 I 82152185 -- 21 

257.61 
766.491 
588.995 

S&aple 

211885 
2388 

182757 
Weight 1 

11.356 
11.119 
14.585 

gin An&lysis - S&■ple Nu■be,- 26 

Ele. W•v•- "••n P••k Ne&n P•&k 
Sy■• l•ngth Position Intensity 

"N 257.61 
Off P•&k Int. - 2538 
Off P••k Int. - 2876 

8.0093 283935 
FE 259.94 0.0001 66129 
"G 279.553 8.000, 383586 
CA 317.933 8.0016 18334 
AL 396.152 0.0008 42974 
NA 588.995 8.0810 178581 
K 766.491 0.0006 2424 

lcul&ting ConcentT&tions fol' S&aple Hu■be"r 26 

Net Pe&k C&leul&ted Inte"rfe,-enee 
Int•n•ity Coneentl'&tion Co"r"rection 

396.152 42974 18.688 
317.933 18334 11.856 
259.94 66129 18.828 
279.553 383586 18.529 
257.61 211628 18.847 
766.491 2424 11.476 
588.995 178581 14.128 

lin An&lysi• - S&apl• Nu•b•,. 27 

11.356 
11.119 
14.585 

N•t P••k 
Intensity 

201628 
66129 

383586 
18334 
42974 

178581 
2424 

Net 
Conc•ntl'&tion 

18.688 
11.856 
18.828 
18.529 
18.847 
11.476 
14.128 

283.900 
277.975 
362.625 

Dilution 
co,-,-•ction 

18.688 
11.B56 
18.828 
11.529 
18.847 
11.476 
14.128 



12-14-1992 I 13111121 -- 22 

-" 

El•• W&v•- N•&n P•&k Pl••n P•&k N•t P•&k 
Sy■ • l•ngth Position Int•nsity Int•nsity 

. ti 
PIN 257.61 

Off P••k Int. - 2510 
Off P•&k Int. - 2117 

e.1104 197815 195586 
FE 259.'34 e.e002 65340 65348 
NG 279.553 0.8003 379071 379171 
CA 317.933 e.1012 17778 17778 
AL 396.152 1.0007 41144 41144 
NA 588.995 e.1011 171057 178057 

l i K 766.491 1. 11u. 2399 2399 

lcul&ting Conc•nt.,.&tions fo.,. S&•pl• Nu■b•.,. 27 

••• W&v•- H•t P•&k C&lcul&t•d Int•.,.f•,-•nc• M•t Dilution 
•• l•ngth Int•nsity Conc•nt,-&tion Co,-.,.•ction Conc•nt.,.&tion Co.,..,.•ction 

396.152 41144 11.191 18.191 11.191 
317.933 17778 18.694 18.694 Ul.694 
259.94 65340 18.696 11.696 18.696 
279.553 379171 18.495 18.485 18.405 
257.61 195506 11.518 18.518 - - ¾: .518 
766.491 2399 11.228 11.228 11.228 
588.995 170057 13.359 13.359 13.359 

CCB 

B 

gin An&lysis - S&■pl• Hu■b•.,. 28 

El•. W&v•- Pl•&n P••k Pl•&n P•&k H•t P••k 
Sy■• l•ngth Position Intensity Int•nsity 

PIN 257.61 
Off Pe&k Int. - 948 
Off P•&k Int. - 957 

No P•&k! 1025 72 
FE 259.94 Mo P•&k! 1574 1574 
PIG 279.553 e.0e11 603 613 
CA 317.933 No P•&k! 1521 1521 
AL 396.152 . Ho P•&k ! 3934 3934 



--

12-04-1992 I 03104:29 -- 23 

r 

HA S88.995 
K 766.491 

e.0009 
Ho P•&k! 

58817 
1309 

lcul&ting Conc•ntr&tions for S&■pl• Hu■b•r 28 

58817 
1309 

••• W&v•
t •• l•ngth 

H•t P•&k C&lcul&t•d Int•rf•r•nc• N•t 
Int•n•ity Conc•ntr&tion Corr•ction Concentr&tion 

~, -1, 
"!9 ; 
;_s ;: 
cs ' 

396.152 
317.933 
259.94 
279.553 
257.61 
766.491 
588.99~ 

8 

3934 
1521 
1574 
603 

72 
1309 

58817 

8.192 
0.086 
8.026 
0.102 
e.eee 
e.411 
3.322 

gin An&lysi s - S&■ple Hu■ber 29 

El•• 
Sy■• 

W&ve
length 

NH 257.61 
Off P•&k 
Off P•&k 

FE 259.94 
NG 279.553 
CA 317.933 
AL 396.152 
NA 588.995 
K 766.491 

Ne&n Pe&k Ne&n Pe&k 
Position Intensity 

Int. • 
Int. • 

No Pe&k ! 
Mo P•&k! 
No P•&k! 
Ho Pe&k! 
No Pe.&k! 

8.1817 
No Pe&k! 

924 
918 

964 
1542 
466 

1495 
3938 

56829 
1395 

lcul&ting Concentr&tions for S&■ple Muaber 29 

< 

8.892 
8.886 
8.826 
0.0se < 
1.000 
9.411 
3.322 

H•t Pe&k 
lnt•nsity 

47 
1542 
466 

1495 
3938 

56129 
1315 

Net Pe&k C&lcul&t•d Int•rference N•t 

396.152 
317.933 
259.94 
279.553 
257.61 

Intensity Concentr&tion Correction Concent.,...tion 

3938 
1495 
1542 

466 
47 

8.893 
9.869 
8.121 

-9.881 
-1.882 

< 
< 

8.193 
8.969 
8.821 
8.859 < 
1.088 < 

Dilution 
Correction 

1.192 
0.0&6 
1.126 
0 . 0se 
1.000 
0.411 
3.322 

Dilution 
Correction 

0.093 
8.169 
8.121 
a.151 
0.111 



, . ~lyze S•11pl•• 
' 
i 

i 
l 
< 
1 
t . . 

766.491 
588.995 

1305 
56829 

e.J12 
3.871 

12-04-1992 I 93107109 -- 24 

e.372 
3.17-1 

0.372 
3.971 
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APPENDIX C 

12.3 Adirondack Environmental Laboratory Report 



1. 

28 Springdale Road 
Cherry Hill, New Jersey 08003 
(609) 751-1122 • (215) 923-2068 
Fax: (609) 751-0824 

Client I< tClf ScJ:J- {. 1:ue I.J 

SAMPLE DESIGNATION DATE 

I 

''IJ.Jf Cd 9._2 

E;J 1'bJh1 
t:'I "IJ.3/1:) 

F _1 If /.i3Jc11 

Field Measurements: 

Data Sheets: Y N 

Filtered: Y Not Required 

Relinquished By: 

AnalytJH.EM An American NuKEM Company 

Chain-of-Custody 
' 
I 

Projed: ::>ALT (<IL l I No /Ufl t;; 

454 South Anderson Road BTC 532 
Rock Hill, South Carolina 29730 
(803) 329-9690 
Fax: (803) 329-9689 

I: t; rt ■Iii Contact D' CI< Fle.,,,...tJ1< LL rv 

MATRIX I¼ 1-1-v,-i-1.-7.-1/ l (t ii ii it it Zr ii I I PARAMtTERS 

$OLIO X PoWOEiA.. 

50Llt> 

'X PowOf-i:t.. 

50L1 D 
X GR~vL41t.. 

":,OL I O 
)( Powoe/(_ 

ED .s /h,,H. y SI s Fd A. CClMPtWND .s 
Pelt -,.T71t<itftJ SIIEFT ( Cq[03 4hH,'..,;,, .. '") t=.P 5 ,4A.:4-ll/ ,, s ,:014... Co-i fl"~NO, 

P~ Ai TA<~O '311EE-r r (',:t COt <t.S ll. k,;;,~ 
.... -... .,, 

eo s AAl.tL151s- Pf:-1?. 1trrA<1t£D 5ffffr 

J::DS lc-Nitt. y5tC.. ~ll. P..TTIKI~ 5trff7 r 

II. Field Conditions/Comments: czel~ ~ ~ AIJ:?~~ v:1,AA ~'ft, 
~ 1r~~ bL ~ d / Cl lf O C.. • 

Ill. Special Instructions: 2h:3i •. 441 ~•/4 JUA ~~ C'~~ ~4,~ 
(Detection Limits, Data Package, etc.) ~ J 

~~ C; ~A~~~ CJ# E..J, a,..'7-:,.it C~C0.3 aa.. :tk.,w➔ce-p~ 

Time/Date: Received By: Time/Date: 

~-~ //;OQ tff.;1 7¥u-, ~31 11'/'2-

~ 
I 

'· 



/ 

/ 

TO: Die k. Emnl<lli-__ _ 

JJo cl,---~---------
_g'--<-tL Sck.lcutct._4 __ 

DnTE: Qc y - :2 OJ / q q .),. 
II PnCC!~: / 

IF THIS Fnx I!~ RCcr:rvcn IHCDl'IPLcn: , PLCnsc r111 L __ )lLCH ____ _ 
nr aA:I1 :-1~1"•-5310. 

~ ~<.~ - C&i Cr)3 

~~ # - YhttO 
~~~/4- IJ!nO~ 
al~ df~de. - et-I :i. CJ 3 

.d~ (.nI) °p~ Fe .1 o 3 

c.cdcu~ ./.Ut--12/~ - G:. 503 • //j li:i_ [) 

cdu~"'. ~ - Ca So'-f 
~~- M0 ~5i03 
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t}l!f: 
iJ~~ powder specir.iens designated C-2, E-2. F-1 and r+i ~,/~te 
stl.bci.itted for analysis using x-ray diffraction (IRD) tec~rf:(::q11~·s. 
Tf)e ·· purpose o.f the analysi s was to ( 1) determine c!'i~rnJ'ial 
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iris: Energy dispersive x-ray spectroscopy (EDS) anali~£i~'1s 
pe.rformed prior to x-ray diffraction (IRD) to ex'.l•e·<H.-te 
di.f.f r&-ctonra:n inter pre ta ti on . The EDS clei:ien tal pro £i1,~:s <'-¥'re 
p/ eeented vith the diifrnctor,re1u l'lithin this report. AJ.1 ·t:oµr 
p_owder specimens produced EDS data ,..h'ich indicates calc'iue1 .~ and 
~liicon concentr~tions with traces of nagnesiui, aluninurn, ~~l{~r, 
~tassiun, ti taniura, manganese and iron. . . :-::-·::.:-<:::' :.: . ·.-;;_ r~ ~-:_· .. ::::;:: 
X~_D: Calciur.1 carbonate and quartz concentrations were pos1-t1~_ily 
id-cntified . for all £oar povd<?r speci111ens; ~uant.:(:ta·i;·ije 
d·eterminations are provided in Figure One within this 't-·ep.i>rt. 
Ideitification and/or qu~ntification for the other 10 comp~und~~f 
i !)terest could not be obtained using standard IRD procedures··.fd.11ce 
t:~ese concentrations are less than the li~it of d~tectio,i: : {~7..·/oy 
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