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A study was conducted to investijate
the use of limestone contactors for miti-
gating corrosion in small water supply
systems that use dilute acidic (corrosive)
water. As water is transported through a
packed bed of crushed limestone, calcium
carbonate dissolves and the pH, calcium
concentration, and alkalinity increase.

A mathematical model was derived for
use in contactor design. The model is
based on the interfacial transport of
calcium ion and relates the depth of lime-
stone required in the contactor to the
desired effluent water chemistry, influent
water chemistry, limestone particle size
and shape, limestone bed porosity, water
temperature, and superficial velocity. The
model was calibrated and tested using
laboratory column experiments.

In a field contactor monitored for 2.5
years, the water quality following treat-
ment (except for the initial few months)
was essentially constant. No gradual,
long-term degradation in performance was
noted. After several months of operation,
however, the rate of CaCO; dissolution
was not as high as that observed in the
laboratory using fresh limestone. The rate
of dissolution was possibly reduced by an
alumino-silicate residue that remained
after the CaCO; was dissolved from the
limestone matrix. A microbiological film
may also have been a limiting factor.

Field studies indicated that limestone
contactors can effectively reduce the
tendency of water to take up corrosion
byproducts (copper, lead, and zinc) from
surfaces in piping systems. First-flush
samples of cottage tap water receiving
untreated spring water showed copper and
lead concentrations that were significantly

higher than those in contactor-treated cot-
tage tap water {1.9 + 0.31 mg Cu/L and
0.046 = 0.004 mg Pb/L as opposed to
0.030 + 0.037 mg Cu/L and 0.0084 +
0.0084 mg Pb/L, respectively).

This Project Summary was developed
by EPA’s Water Engineering Research Lab-
oratory, Cincinnati, OH, to announce key
findings of the research project that is fully
documented in a separate report of the
same title (see Project Report ordering in-
formation at back).

Introduction

In many areas of the United States,
homeowners and small public and private
water supply systems use water that is
potentially corrosive to metallic materials
used in the distribution system. Corrosion
is a concern to the owners and users of
small water supply systems because of
the potential health problems associated
with the ingestion of corrosion byprod-
ucts, the degradation of the aesthetic
quality of the water, and the significant
economic consequences of piping system
deterioration.

Corrosion and contamination of the
water by corrosion byproducts may be
caused by the use of dilute (low-ionic- -
strength) acidic waters that generally have
low pH, alkalinity, and concentrations of
dissolved solids. Dilute acidic ground-
waters and surface waters are found in a
number of regions of the country, particu-
larly in regions underlain by siliceous bed-
rock. The waters naturally have low buffer-
ing capacity and are corrosive. They are
also prone to acidification by atmospheric
deposition of strong acids (acid precipita-
tion) or other factors such as changes in



land use. In some areas {for example, the
Adirondack region of New York State), itis
possible that the corrosivity of water has
been increased by acid precipitation. In
any event, until recent concern developed
about acid precipitation and the resulting
deterioration of water quality, residents
and visitors tolerated or ignored the prob-
lems caused by corrosive water. Now this
indifference has changed to a significant
concern, and many hame and resort own-
ers as well as those responsible for village
water supplies have begun to adopt tech-
niques designed to mitigate drinking water
corrosivity.

Low cost is a very important criterion in
establishing the feasibility of any corrosion
mitigation technique for a small water sup-
ply system. Also, the maintenance re-
quired should be minimal, and the tech-
nique should present a low potential for
public health hazard resulting from im-
proper construction, installation, or
maintenance. Limestone contactors are
water treatment devices that generally
meet these requirements.

In a limestone contactor, water is closed
to the atmosphere and flows through and
dissolves a packed bed of crushed lime-
stone. The chemistry of the water is
altered as the limestone dissolves. Sources
of CaCO; other than high-calcium
limestone (eg., seashells) are sometimes
used. Limestone contactors are simple but
effective devices with low capital cost and
minimum maintenance requirements. They
have been used to neutralize acid mine
drainage, acidic industrial wastes, and
dilute acidic surface waters.

The overall objective of this project was
to investigate the use of limestone contac-
tors for mitigating corrosion in small water
supply systems that use dilute acidic
water. The research plan included the
development and testing of a rational
method for contactor design and the eval-
uation of the field operation of a contactor
with respect to corrosion control and oper-
ation and maintenance problems. The
study had the following specific
objectives:

(1)’?0 derive and test a mathematical
model for limestone contactor de-
sign, using laboratory, column-type
reactors,
to develop design objectives by ex-
perimentally determining the rela-
tionship between contactor-treated
water quality and metal release from
pipes, and
(3) to evaluate the practical application
of the design equations and objec-
tives by monitoring the field per-
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formance of full-scale contactors
and to determine the feasibility of
long-term operation and the type
and frequency of maintenance
required.

Results

As dilute acidic water is transported
through a packed bed of crushed lime-
stone, calcium carbonate in the limestone
dissolves, the pH, calcium ion concentra-
tion, and alkalinity increase, and these
characteristics generally tend to mitigate
the dissolution of corrosion byproducts
from surfaces in piping systems.

A laboratory study was conducted using
packed-column contactors {Figures 1 and
2). Results were used to develop and test
a numerical mode! for contactor design.

The design equations are based on the
interfacial transport of calcium ion. Limited
axial dispersion was also considered. Ac-
cording to the model, the depth of lime-
stone, L, required to achieve a given level
of treatment is given by

1n[(Ceq — CoM(Ceq — Cooll
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where a is the interfacial area of limestone
per unit volume of interstitial water, ¢ is the
bed porosity, Us is the superficial velocity,
d is the effective diameter of the limestone
particles, and K, is the overall CaCO,
dissolution rate constant. Cy, is the in-
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Figure 1.

Laboratory columns with water supply and flow control system. Insert is a drawing

of a typical through-the-wall sampling tube.




fluent calcium concentration. The quantity
a is calculated using d and the particle
sphericity.

The results of this study indicate that
K, can be estimated using a correlation of
dimensionless mass transfer parameters.
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For low values of a modified Reynolds
number (1< MRe < 30)

Ko = 5.70 (MRe) 78 (U,) (v/D) 967

where MRe = dUg/[v {1—-¢)], v is the kine-
matic viscosity, and D is the diffusivity of
calcium ion (1.2 x 10~% cm?/s at 20°C).
For 30<MRe< 10,000

Ko = 1.77 (MRe) ~044(U)(v/D) ~0€7

is appropriate.

The equilibrium and effluent calcium
concentrations, Cgq and Cy,;, can be de-
termined using a chemical equilibrium
model. The magnitudes of these concen-
trations are a function of the character-
istics of the influent solution, particularly
the temperature, pH, and calcium and
dissolved inorganic carbon (DIC} concen-
trations. A conditional CaCOj5 solubility
product of 10-871 (20°C) was determin-
ed by batch experiments and used to
model the dissolution of the calcite from
the limestone matrix.

As the influent calcium or DIC concen-
tration increases, the maximum pH (pH,g)
that can be attained in a contactor
decreases, and the depth of limestone
required to reach a given effluent pH
{< pHegq) increases. The depth of lime-
stone required to achieve a given level of
treatment also increases with decreasing
influent pH, increasing superficial velocity,
and increasing limestone particle size.

An evaluation of a limestone contactor
in the field suggests that except for the
initial few months, water quality follow-
ing treatment was constant throughout
the 2.5-year study period. There was no
evidence of a gradual, long-term reduction
in performance. However, after 3 or 4
months of continuous operation, the rate
of CaCO; dissolution was not as high as
that predicted by the laboratory results ob-
tained with fresh limestone. Analysis of
the limestone surfaces by x-ray energy
spectrometry indicated that prolonged
operation altered the surface of the lime-
stone; the relative abundance of calcium
on the surface decreased, and aluminum
and silicon increased. Apparently, alumino-
silicate impurities in the limestone re-
mained as a thin residue after the CaCO;
was leached from the limestone surface
matrix. This residue may have slowed the
dissolution rate. It is also possible that the
dissolution process was adversely af-
fected by a microbiological film on the
limestone.

The model derived for contactor design
assumes that the water fiows through the
limestone under a condition that is closed
to gaseous carbon dioxide. Equitibration of
the column effluent with atmospheric car-
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bon dioxide can have a significant effect
on the pH of the solution and hence on the
tendency of the water to dissolve corro-
sion byproducts. When the influent DIC is
high {eg., greater than 10 mg C/L),
equilibration of the effluent with the at-
mosphere causes the pH to increase.
When the influent DIC concentration is
less than several mg C/L, the pH tends to
decrease.

Results of the study suggest that dilute
acidic waters facilitate the release of
elevated concentrations of trace metals
from metal piping systems. Passivation
films of most significance include
Cu,{OH}),C0O; and Cu(OH), for copper;
PbCOS, Pba(OH)z(CO;g)z, or Pb(OH)z for
lead; and Zng{OH)g(CO4), for zinc. Be-
cause the solubility of these minerals de-
pends on pH and inorganic carbon, metal
corrosion can generally be mitigated by in-
creases in pH and DIC concentrations.
However, elevated inorganic carbon con-
centrations coupled with high pH values
can facilitate the solubilization of trace
metals through the formation of soluble
metal carbonate complexes. This problem
is most significant for lead, as copper and
zinc do not form strong agueous com-
plexes with carbonate.

Laboratory pipe-section experiments
using copper pipe with lead-tin solder in-
dicate that limestone contactor treatment
reduces copper and (to a smaller extent)
lead leaching. Theoretical thermodynamic
calculations were consistent with meas-
ured copper concentrations in the neutral
pH range (pH 6.5 to 7.5). However, cop-
per concentrations in acidic waters
{pH < 6.0) were substantially undersatur-
ated with respect to theoretical metal
solubility. Lead derived from lead-tin solder
in pipe section experiments was highly
undersaturated with respect to the solu-
bility of lead passivation films.

Field and laboratory observations of
trace metal concentrations were generally
consistent. Spring and lake waters with
and without fimestone contactor treat-
ment were corrosive. Elevated metal con-
centrations were observed in first-flush tap
water ffom both treated and untreated
cottages. Running the tap water for 3
minutes significantly reduced copper, lead,
and zinc concentrations. Although treated
waters were generally corrosive, trace
metal concentrations were significantly
reduced in both treated spring and lake
water relative to untreated water. For
example first-flush copper and lead con-
centrations in cottage tap water receiving
untreated spring water were considerably
higher than in those receiving treated
water, as follows:
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Cu in untreated water, 1.9+0.31

Cu in treated water ..0.030+0.037
Pb in untreated water .0.0046+0.004
Pb in treated water. . .0.0084 +0.0084

The probability of tap water copper con-
centrations exceeding the secondary MCL
of 1.0 mg Cu/L was reduced from greater
than 75% to less than 15% by limestone
treatment. The probability of consuming
elevated lead concentrations in first-flush
tap water was also reduced by CaCO;
treatment.

Measured trace metal concentrations
from first-flush tap water were compared
with theoretical calculations from the
chemical equilibrium model. Untreated
lake water was generally highly acidic
{ph 4.6), and measured copper concentra-
tions were highly undersaturated with

respect to the theoretical solubility of,

Cu,(OH),CO,. Following treatment, how-
ever, measured copper values agreed

C o4

closely with thermodynamic predictions.
Concentrations of lead largely derived
from lead-tin solder were highly under-
saturated with respect to the solubility of
lead passivation films.

Conclusions

Limestone contactors can effectively
mitigate the dissolution of corrosion by-
products from surfaces in piping systems.
A numerical model was derived to predict
the effect of contactor design and opera-
tional parameters on the chemistry of the
contactor effluent. Chemical equilibrium
models may be useful in predicting the
concentration of metal ions released from
solution as a function of the level of con-
tactor treatment.

The full report was submitted in ful-
fillment of Cooperative Agreement No.
809979 by Syracuse University under the
sponsorship of the U.S. Environmental
Protection Agency.
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