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Design for Remediation of Acid Deposition Impacts: Headwaters of Buffalo Creek, Union County, PA 

Buffalo Creek originates in the Bald Eagle State Forest and flows east from Buffalo Mountain through Mifflinburg, PA.  Historically, water quality in the upper reaches of Buffalo Creek supported a wild brook trout fishery.  However, over time trout numbers diminished until the present condition, which is the complete absence of trout in the upper 7 to 8 miles of stream length.  This fishery loss was a result of the gradual depletion of alkalinity, which eventually resulted in a decrease in pH and increase in aluminum to levels that are toxic to aquatic life. 

The Pennsylvania Department of Environmental Protection has identified “Acidic Deposition” as the source of the impairment.
Acidic precipitation is a global human-caused environmental and cumulative degradation that received substantial attention in the United States (U.S.) during the mid- and late 1980's. Combustion of fossil fuels, high sulfur content and byproducts, at stationary (power plants) and mobile (automobiles) sources in the mid-western and eastern regions of the U.S. have and continue to release acid causing pollutants (SOx & NOx) to the atmosphere.  Atmospheric deposition (dry and wet) of these pollutants occurs downwind and over large geographic areas, some of which are acid-sensitive watersheds; areas due to geology that have limited ability to neutralize the acid inputs and/or have been depleted from long term accumulation of acid pollutants. 

Because of Pennsylvania’s location to the east and downwind from the heavily-industrialized Ohio River Valley, the state receives some of the most acidic precipitation of any state east of the Mississippi River. The Buffalo Creek headwaters are located in Buffalo Mountain of the Ridge & Valley province of Pennsylvania.  The mountain and headwaters are underlain by the Tuscarora Sandstone formation, a siliceous formation containing little if any calcareous minerals.  Soils and shallow groundwater to contain limited buffering, which in all likelihood has been substantially depleted from historic and current loading of acidic atmospheric deposition.

The combined effect of long-term acid loading and low acid neutralizing capacity within acid-sensitive watersheds has resulted in changes to surface water quality (i.e., decrease in pH below 6) that impacts indigenous aquatic life. 

Impacts of Acidification to Aquatic Life

Acidification impacts can result in elimination of trout fisheries from watersheds and entire regions resulting in decreases in local and regional biodiversity.  A statewide biological survey in Maryland found no wild trout present (as well as most other indigenous fish species) and substantially less diverse aquatic insect community in acidified streams with a summer baseflow pH less than 5.5.  This supports information of Buffalo Creek that brook trout (Salvelinus fontinalis), a recreational important species, elimination from the upper watershed and declining in numbers in downstream areas is a recent occurrence, probably since the early 1970s.

Acidification in the Buffalo Creek Watershed

Surveys indicate that Buffalo Creek headwaters are chronically acidified and do not comply with the Pennsylvania Water Quality Standards (Chapter 93) at baseflow as well as high flow conditions.  This is approximately 7 to 8 miles of Buffalo Creek stream length.  In addition, our data and the TMDL data indicate at least 4 miles of additional stream length may have episodic pH below the Water Quality Standards.  Also, measured dissolved aluminum concentrations exceed levels known to be toxic to aquatic life during baseflow throughout much of the same stream length.  The results clearly indicate Buffalo Creek is impaired, does not meet its designated uses, and requires remediation measures to restore water quality.

IV. WATERSHED ACIDIFICATION RESTORATION APPROACHES
A consultant working for BCWA has identified an alkaline addition approach using passive wetland treatment systems to remediate the impaired reaches of  Buffalo Creek from accessible locations near Buffalo Flat Road. The passive treatment system conceptual approach employs two passive treatment technologies in a combined system.  The two technologies are Aerobic Limestone Basin (AeLB) and Anaerobic Vertical Flow Wetland (AVFW).  Both of the technologies have been successfully employed individually elsewhere to treat impacted waters. The two technologies are briefly discussed below.

Aerobic Limestone Basins (AeLB)

Aerobic Limestone Basins (AeLB), also know as Rock Filters or Pyrolusite systems, have been shown to produce highly alkaline waters in treating acid mine drainage. A cross-section of an AeLB is depicted below.
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The AeLB standard design will contain a 48-inch layer of limestone. An underdrain system containing slotted PVC pipe will be installed in the AeLB to direct and collect water passing through the limestone where the alkalinity will be generated. The AeLB will be sized to produce alkalinities between 20 and 35 mg/L as CaCO3. AeLB detention times to produce the above alkalinities are 5 and 20 hours, respectively. 

AeLB treatment area sizes (and flow) will be a function of stream flow, acidity and target instream alkalinity.  Based on the instream minimum alkalinity criterion of between 0.1 and 0.5 mg/L, 1 gpm of treated flow will have the capacity to treat between 0.01 to 0.1 cfs of chronically acidified streamflow, depending on the stream acidity.  In terms of treatment area, 10,000 ft2 of total AeLB area can treat between 3 and 30 cfs of chronically acidified stream flow in Buffalo Creek. 

Anaerobic Vertical Flow Wetland (AVFW)

A cross-section schematic of an AVFW is provided in the adjacent figure.  AVFW contain several substrates that include [image: image2..pict] an organic layer (e.g., spent mushroom compost) and a limestone layer. Water flows vertically through the substrate, a result of an underdrain system.  Alkalinity is added to the water from the limestone, which is aided by anaerobic decomposition in the organic layer. AVFW will produce alkalinity between 100 and 150 mg/L; an amount two to three times the alkalinity that can be generated with limestone only.

The AVFW design will contain a 24-inch layer of “spent” mushroom compost (a product of the mushroom growing industry) spread over a 24-inch layer of limestone. An underdrain system, containing slotted PVC pipe, will be installed in the AVFW to collect water passing through the substrate layers. The AVFW will produce alkalinities between 100 and 150 mg/L as CaCO3 at hydraulic loading rates of 150 gpm/acre (a detention time of approximately 60 hours).  Greater loading rates significantly decrease performance and reliability of the AVFW.  

In terms of treatment area, 10,000 ft2 of AVFW area can treat between 2 to 10 cfs of chronically acidified stream flow, depending on the stream acidity.

Combined AeLB & AVFW System

The treatment of acidification will require design approaches that will provide adequate alkalinities to treat acid loads at both baseflow and storm flow event loads in Buffalo Creek. To accomplish this, the passive treatment design will include an AeLB in combination with an AVFW.  The AeLB generates low alkalinity at short detention time and the AVFW generates high alkalinity at long detention times.  The combination system will use the fast alkalinity of the AeLB to treat high storm flows and high alkalinity of the AVFW to treat low flows.  Stream flow up to 1 or 2 cfs will be diverted into the AeLB at high flow conditions where alkalinity of between 15 and 30 mg/L will be generated.  Most of the flow will be directed back to the stream with treatment only from the AeLB; a small amount of treated AeLB water will be directed through the AVFW.  At low flow only 30 to 40 gpm of water will be directed into the AeLB, which will then flow into the AVFW.  Here the water will be treated to high alkalinity concentrations that will be needed to maintain downstream alkalinity at baseflow.

[image: image3..pict]A conceptual drawing of the combination passive treatment system at a preliminary location is shown in the adjacent figure.  The preliminary location is to the north of Buffalo Creek at a location in upstream and in proximity to Buffalo Flat Road.  The approach requires installation of an intake & structure upstream of the combination treatment to collect and direct low pH stream water to the combination system; this location will be 150 to 200 feet upstream, based on the stream gradient.  The diverted flow, 30 to 40 gpm at low flow and 1 to 2 cfs at high flow, will be directed into the AeLB.  The acidic water will be neutralized and alkalinity added, which will range between 15 and 30 mg/L.  Water from the AeLB underdrain will enter the AVFW.  Up to 40 gpm will pass through the underdrain of the AVFW with the remainder of the flow overflowing the AVFW by the spillway.    The combination of treated flows from the AeLB and AVFW will produce adequate alkalinity to remediate Buffalo Creek for baseflows as well as high flows.  Remediation of Buffalo Creek using this combination passive treatment approach will result in:

1) Anticipated baseflow alkalinity and pH will be greater than 5 mg/L and 6.5, respectively; and

2) Anticipated high flow (up to 95th percentile) alkalinity and pH will be greater than 0.5 mg/L and 5.8, respectively.

This water quality is likely similar to conditions found in Buffalo Creek prior to alkalinity depletion from soils and shallow groundwater in the upper Buffalo Creek watershed.  The water quality is also adequate to provide suitable conditions for return of a wild brook trout fishery in the areas downstream of the treatment system.
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