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Background:  

The Coal Industry has successfully addressed a number of water quality issues in the past, most notably, suspended solids, acidity and soluble metals associated with mine drainage.  However, as the industry moves into the deepest portions of the Pittsburgh Basin, it faces a new water quality challenge:  total dissolved solids (TDS).  These include ions such as sodium, chloride and sulfate.  They do not precipitate until the concentrations become extremely high.  For example, sodium sulfate and sodium chloride solutions only saturate at concentrations of 11% and 35% respectively (110,000 and 350,000 mg/L).  On the other hand, discharges from most surface mines and shallower deep mines are generally dominated by calcium and sulfate.  Their solubility is controlled by gypsum, a much less soluble salt.  Its solubility is only about 0.21% or 2,100 mg/L.   It is important to note that none of the major ions that comprise TDS either bio-accumulate or are toxic at reasonable concentrations.

The fall 2008 high TDS event in the Monongahela River in Pennsylvania and the recent fish kill in Dunkard Creek have focused attention on managing TDS from AMD treatment plants in the upper Monongahela River basin.  Typically, TDS concentrations in the Monongahela River have exceeded 500 mg/L only when flow dropped below 2,000 cfs.  The likelihood of TDS exceeding 500 mg/L increases as flows decrease to extremely low levels, e.g. 300 cfs.  While TDS has trended upward in the River over the past five years coincident with increased gas development in the region, the extent to which the coal vs. gas industries contribute to TDS loadings is uncertain.  It is likely, however, that since coal’s AMD treatment plants are regulated under the CWA that they will receive the greatest regulatory attention.    One of the few ways to segregate the relative contribution of the two energy industries is by characterizing the TDS loads that are produced by mine drainage treatment plants under a range of operating conditions.  Preliminary estimates indicate that if all of the plants along the upper Monongahela River were running at full capacity with the maximum [TDS], then they would generate TDS at a rate of about 500,000 tpy.  At normal operating conditions, TDS production appears to be less than half that amount.  By comparison, the TDS loading in the Monongahela River at Masontown PA has ranged from 300,000 to 1,400,000 tpy since July 2009.  

Preliminary studies have shown that when flow in the Monongahela River exceeds 5,000 cfs, it has substantial capacity to assimilate TDS.  This represents a challenge and an opportunity.  The opportunity is to develop the management tools that will maintain safe water levels in mines while controlling TDS levels in the Monongahela River and streams like Dunkard Creek.   Unlike many water quality parameters, modeling TDS is simple.  For example, data collected in the WVU WRI’s current study indicate maximum TDS levels in lower Dunkard Creek of around 5,000 mg/L at low flow (< 30 cfs) and at a typical TDS production from the major AMD plants of about 150,000 tons per year.   If that loading rate was produced only when the flow in Dunkard Creek exceeded 120 cfs, and pumped mine discharges were the only source of TDS, then the TDS concentration in Dunkard Creek could not exceed 1,250 mg/L at Bobtown, PA.   Table 1 illustrates this and several other flow/loading scenarios: 

Table 1.  Relationship between flow, TDS load and concentration in lower Dunkard Creek at Bobtown, PA.

	Q (cfs)
	30
	120
	300

	TDS load (tons/yr)
	148,170
	148,170
	296,340

	[TDS] (mg/L)
	5,000
	1,250
	1,000


This approach could also indicate whether and to what extent non-mine discharges were contributing to TDS loadings in the creek.  Combined with our continuing TDS monitoring in the Monongahela River, we could identify the unaccounted TDS by subtraction.       

Proposed Solutions:  

Off the shelf desalinization technologies such as reverse osmosis and evaporation/crystallization are extremely capital and operating cost intensive.  Reverse osmosis has severe operating problems with water that contains divalent/trivalent ions or exceeds 35,000 mg/L TDS.  In addition, reverse osmosis generates high volumes of concentrated brine reject.  Estimates range from 10 to 35% of feed water would constitute reject with commensurate increases in salinity.  For example if raw water TDS was 10,000 mg/L and an RO unit rejected 20%, then the water’s [TDS] would increase to 50,000 mg/L.  This reject water would most likely require offsite disposal.  The volumes of water at AMD treatment plants are commonly in excess of 2,000 gpm making truck transportation and deep well injection impractical.  For example, a 3,000 gpm AMD treatment plant that relied on reverse osmosis to reduce TDS from 5,000 to 500 mg/L and rejected 20% of feed water would generate about 778,000 gpd of concentrated brine requiring 86 x 9,000 gallon tanker loads per day or about 3.5 truck loads per hour.  

Evaporation/crystallization, on the other hand, because it relies on thermal input, operates most efficiently at extremely high salinity.  At low [TDS] in the range of 5,000 to 10,000 mg/L, this method is extremely inefficient.  Clearly, reverse osmosis and evaporation/crystallization are not efficient approaches for addressing TDS.  Nevertheless, they are the only off the shelf technologies for treating TDS at the point of discharge.  The chemistry of treated AMD is such that the salts resulting from any TDS treatment system would be a mixture of sodium sulfate, gypsum and sodium chloride in declining order.  Finding a market for this mixture would be problematic.

There appear to be three options for managing TDS:  

1.  Manage discharges to maintain target TDS levels in the receiving creek and the Monongahela River.  This will require:

· Accurate and current assessments of TDS loads generated by each AMD treatment plant

· Accurate and current assessments of TDS loadings in the receiving creeks and the Monongahela River

· Assimilative capacities of the upper Monongahela River and its major tributaries

· Alternatives evaluation

· Development of target TDS levels for rivers and streams

· Transparency and accountability

2. NPDES-based end of pipe treatment standards

3. TMDLs for TDS (optimistically this could be the outcome of an industry led process and be the  outcome of option 1; if driven by conventional regulatory thinking it would likely morph into option 2).  

The Upper Monongahela River Water Quality Study:

The objective of the proposed TDS working group would be to thoroughly explore option 1 above, to develop an efficient strategy for protecting the region’s streams and rivers while sustaining the economic viability of the industry.  This may ultimately take the form of an industry led TMDL.

The presentation will discuss results of monitoring efforts to date, and provide some insight into the soluble salt loading rates in the river, its tributaries and how a managed discharge program might be implemented.
