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Extended Abstract

Short-term closed-container (cubitainer) tests can be used to indicate limestone
dissolution rates and the corresponding alkalinity of effluent as a function of detention
time in a limestone bed for passive neutralization of acidic mine drainage (AMD).
Various test configurations can simulate conditions closed to the atmosphere
(underground system) or open to the atmosphere (above-ground system) and the effects
of limestone purity, secondary coatings, and particle size on dissolution rate. Coupled
with data on the flow rate and acidity concentration of the tested AMD, the cubitainer rate
data can be used to estimate the long-term performance and minimum effective size of a
limestone bed in an anoxic limestone drain (ALD) or comparable system.

Construction characteristics and data on influent and effluent composition were collected
for 5 to 11 years at five limestone drains in Pennsylvania. Influent at the Morrison and
Howe Bridge discharges in the Bituminous Coalfield had average pH of 5.3 and 5.8 and
net acidity (= computed acidity — alkalinity) of 434 and 495 mg/L as CaCO;3,
respectively. Influents at the Orchard, Buck Mtn., and Hegins discharges in the Southern
Anthracite Coalfield were characterized by lower pH and acidity, with average pH of
3.5, 4.6, and 3.5 and net acidity of 30, 28, and 47 mg/L as CaCOs, respectively. Effluent
from each drain had higher pH, alkalinity, and Ca, and lower acidity, Fe, and Al
concentrations than the influent. Although estimated detention time averaged 56 hours at
Morrison, 22 hours at Howe Bridge, and less than 5 hours at the Orchard, Buck Mtn., and
Hegins ALDs, net-alkaline effluent was produced from only the Orchard and Buck Mtn.
ALDs. The long-term average flow multiplied by the difference between average
concentrations of Ca for influent and effluent indicated average annual limestone
dissolution rates of 1.0, 9.0, 1.5, 22.9, and 5.0 tonne/yr at the Morrison, Howe Bridge,
Orchard, Buck Mtn., and Hegins drains, respectively. These annual dissolution rates have
progressively declined with age of the systems as the limestone has been consumed.

For the five limestone drains in Pennsylvania, cubitainer tests with AMD influent from
each of the sites indicated limestone dissolution rates were larger for high-purity
limestone than for dolomite and for conditions closed to the atmosphere than open
conditions, but the rates for fresh, uncoated versus environmentally exposed, metal-
hydroxide-coated limestone were comparable for a given condition. The dissolution rates
as measured by cubitainer tests, after corrections for surface area and fluid volume, were
in agreement with field data for alkalinity and dissolved Ca production rate. Models
developed on the basis of the cubitainer tests accurately revealed decadal-scale declines
in limestone mass and corresponding alkalinity concentrations with increased age of a
limestone treatment bed. Thus, cubitainer tests can be a useful tool for designing ALDs or
similar systems and predicting their performance. Because a limestone bed could become
plugged long before the limestone substrate has been consumed, engineering designs that
are larger than the minimum size indicated by cubitainer tests and/or that incorporate
provisions for flushing or replacement of the limestone bed could be warranted.



Suggested References

Cravotta, C. A., III, 2002, New method to estimate longevity of anoxic limestone drains
(poster), in Proceedings of the 19th Annual Meeting of American Society of Mining
& Reclamation, Lexington, Kentucky, June 9-13, 2002: American Society of Mining
& Reclamation, p. 1062-1064.

Cravotta, C. A., III, 2003, Size and performance of anoxic limestone drains to neutralize
acidic mine drainage: Journal of Environmental Quality, vol. 32, p. 1277-1289.

Cravotta, C. A, III, and Trahan, M. K., 1999, Limestone drains to increase pH and
remove dissolved metals from acidic mine drainage: Applied Geochemistry, vol. 14,
p. 581-606.

Cravotta, C. A., III, and Watzlaf, G. R., 2002, Design and performance of limestone
drains to increase pH and remove metals from acidic mine drainage, In Naftz, D. L.,
Morrison, S. J., Fuller, C. C., and Davis, J. A. (eds.), Handbook of groundwater
remediation using permeable reactive barriers--Application to radionuclides, trace
metals, and nutrients: San Diego, Ca., Academic Press, p. 19-66.

Cravotta, C. A., III, Ward, S. J., Koury, D. J., and Koch, R. D., 2004, Optimization of
limestone drains for long-term treatment of acidic mine drainage, Swatara Creek
Basin, Schuylkill County, PA in 2004 National Meeting of the American Society of
Mining and Reclamation and the 25th West Virginia Surface Mine Drainage Task
Force, April 18-24, 2004: American Society of Mine Reclamation, p. 366-411.

Hedin, R. S., and Watzlaf, G. R., 1994, The effects of anoxic limestone drains on mine
water chemistry: U.S. Bureau of Mines Special Publication SP 06A, p. 185-194.

Hedin, R. S., Nairn, R. W., and Kleinmann, R. L. P., 1994, Passive treatment of coal mine
drainage: U.S. Bureau of Mines Information Circular IC 9389, 35 p.

Pennsylvania Department of Environmental Protection, 2000, Erosion and sediment
pollution control program manual: Harrisburg, Pennsylvania Department of
Environmental Protection Bureau of Watershed Management, Document No. 363-
2134-008, 180 p.

Plummer, L. N., Parkhurst, D. L. and Wigley, M. L., 1979, Critical review of the kinetics
of calcite dissolution and precipitation. In Chemical modeling in aqueous systems--
Speciation, sorption, solubility, and kinetics, In E. A. Jenne (ed.), American Chemical
Society Symposium Series 93, p. 537-573.

Watzlaf, G. R., and Hedin, R. S., 1993, A method for predicting the alkalinity generated
by anoxic limestone drains, In Proceedings 14th Annual Meeting West Virginia
Surface Mine Drainage Task Force: West Virginia University, Morgantown, West
Virginia, 12 p.



