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Over-riding objective:

Develop science-based, spatially-explicit data management and analysis tools that can be used to support decision making (permitting, mitigation, restoration) in mined Appalachian watersheds.

Science-based: field validated empirical models that can predict instream response to past, current, and future land use activities.

· Defendable Thresholds

· Measures of uncertainty

· Interactive effects among stressors

Spatially-explicit: GIS based, networked, multi-scaled watershed models

· Landscape and stream data management

· Statistical models and analysis based on results from watershed research

· Scalable from segment scale to 12- to 10- to 8- digit HUCs

Decision-Support:  Responsive, visual, interactive modeling system

· Maps of current condition landscape (terrestrial and aquatic)

· Identification of dominant stressors, protection priorities, and restoration priorities

· Projections of expected future conditions under alternative management scenarios

· Science-based Alternative Futures Analysis

I. The Science
a. Aquatic habitat functions on reclaimed surface mines

b. Monongahela River Studies

i. Linking landscape attributes to instream attributes

ii. Quantifying watershed scale consequences of mining on fish assemblages

c. Pigeon Creek Studies

i. Extension of northern coalfield technology to MTR/VF region

ii. Identify mining threshold

iii. Quantify interactions between mining and residential development

II. The GIS modeling system
a. Data management

b. Stream network analysis

c. Scalability

d. Incorporating predictive models (from Petty studies)

e. Visualizing current conditions

f. Projecting future conditions

g. Decision Support features

III. Decision Support Applications
a. Maximizing cost-effectiveness of AMD remediation at a watershed scale

b. Predicting Future Conditions in Pigeon Creek Under Alternative Management Scenarios
IV. Moving Forward

a. Interactive effects of mining intensity, coal geology, mine geography, and residential development in watersheds of the MTR/VF region.

b. Extension of the GIS modeling and decision support system to the MTR/VF region.

c. Alternative Futures Analysis

d. Development of watershed specific management plans for the MTR/VF region.

Summary of “Threshold” Studies
Monongahela River Basin studies

1.  There is a strong correlation between measures of mining intensity and instream habitat, water quality, and ecological condition metrics in the northern WV coalfields.

2. Mining interacts with coal geology and mine geography to influence instream response.
3. We identified % mining thresholds that produce localized impairment in streams draining catchments dominated by Freeport coal. 

a. 5% mining – a shift from high quality conditions to fair conditions (loss of coldwater fisheries)

b. 20% mining – a shift from unimpaired to impaired conditions (loss of warmwater fisheries)

4. Fish assemblages “deflate” at the 10- and 12- digit HUC scales as localized impacts accumulate in a watershed 

Deflation is defined as measurable losses of biological condition within stream networks that cannot be explained by local stressors.  In other words, deflation occurs when neighborhood conditions deteriorate and produce reduced biological integrity in streams where local conditions are otherwise good.

5. This finding suggests a need to identify a 10- or 12- digit HUC watershed scale deflation threshold of mining that may be different (probably lower) than the thresholds of localized impairment listed above.  Our research suggests that this threshold varies from species to species and probably ranges between 5 and 15% mining for warm-water fisheries.
6. Taken together, this means:

a. A mining threshold of 20% is needed to avoid localized impairment for all streams in a watershed.

b. At the outflow of all 10-digt HUCs, a mining threshold of 5-15% is needed to avoid fish meta-community deflation.

Pigeon Creek Studies

1. Mining in Pigeon Creek interacts with residential development to influence instream response.

2. We identified % mining and development thresholds that produce localized impairment in Pigeon Creek stream segments.

a. 5% mining – a shift from high quality conditions to fair conditions

b. 25% mining – a shift from unimpaired to impaired conditions

c. 5 parcels / km2 – a shift from high quality conditions to fair conditions

d. 15 parcels / km2 – a shift from unimpaired to impaired conditions

3. The absolute key finding from this research is that mining and development have an additive effect on instream response.  The thresholds listed above apply only to streams that do not have both stressors present.  When both stressors are present, the % mining threshold declines from 25% to 0% as parcel density increases from zero parcels to 15 parcels / km2.
Remaining Needs

1. Quantify mining thresholds across all coal geologies and across a range of residential development conditions throughout the MTR/VF mining region.

2. Determine if fish meta-community deflation occurs across a wide range of mined watersheds.
3. Alternative Futures Analyses to assess potential for combined management of mining related impacts with restoration of development related impacts in Appalachian watersheds.
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