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Background:
Congress reauthorized the Abandoned Mine Land (AML) Program in December 2006 amending and extending the Surface Mining Control and Reclamation Act Amendments for fifteen years.  The reauthorized AML program substantially increases not only the total allocation to West Virginia but increases the set aside program to 30% of the annual grant.  The West Virginia program will grow from roughly $23 M/year to a range of $60 to $90 M/year.  While the bulk of the AML fund would be targeted toward reclamation of surface hazards, set aside moneys can be used for both capital and operating/maintenance costs for treatment of mine drainage.  These changes carry important implications for West Virginia.  Most significantly, increases in the set aside program allow West Virginia to develop and implement a comprehensive plan to restore a large portion of stream miles that have been impaired by pre-law coal mining. 
The West Virginia Water Research Institute (WVWRI) is working with the West Virginia Department of Environmental Protection (WVDEP) to develop a strategic watershed-based approach to efficiently and effectively determine acid mine drainage (AMD) restoration needs, develop and implement restoration measures and assess the outcome of this effort. The WVWRI through its National Mine Land Reclamation Center (NMLRC) is an internationally recognized leader in the development and implementation of AMD treatment technologies. Moreover the WVWRI has integrated advances in the fields of landscape ecology, GIS technology, and environmental engineering to develop innovative, watershed-based approaches for restoring and managing aquatic resources.   This approach expands environmental decision-making from the site/project scale to the broader watershed scale.  The larger scale allows stakeholders to view a broader range of alternative actions for achieving restoration of the maximum number of stream miles within any given watershed.  
Project Objective:  
The State’s goal is to restore sustainable fisheries in the majority of stream miles lost to historic, pre-law coal mining in West Virginia.  

Approach:
WVDEP and a number of stakeholders including watershed and conservation organizations, other state agencies and the Legislature expect the highest environmental return per dollar invested in watershed remediation.  This expectation, combined with the scale of the program dictate that the restoration process be technically sound, understandable and transparent. To meet this need WVWRI proposes to provide technical assistance to WVDEP by integrating our data management and planning capabilities into a GIS-based AMD watershed restoration process that will produce and document the maximum possible quantifiable ecological benefits. At the heart of this process is a GIS-based decision support system that will iterate and visually illustrate restoration alternative outcomes. This system when developed and integrated into the overall process will make the most efficient use of the available dollars while documenting both costs and environmental benefits.  
In order to effect two way communications with key stakeholders, a steering committee was formed to guide and manage the AML planning and implementation process. The committee consists of representatives of the DEP Abandoned Mines and Water Resources programs, WVDNR,  watershed organizations, OSM and Trout Unlimited. The responsibility of the committee will be to facilitate information exchange, monitor and assess program progress and adapt the program as necessary to ensure that the objective is met.

The initiative began with a set of watersheds where there was significant existing stream monitoring data and restoration momentum.   These projects could be implemented with minimal delay.  Abram Creek, Paint Creek, Three Fork Creek were among the first watersheds to get restoration plans.     While these projects are being implemented the WRI technical team will undertake the strategic tasks of collecting, compiling, evaluating and entering data into a statewide spatial database, developing a decision support system, developing watershed restoration plans and implementing and monitoring restoration projects. 
Technical Strategy:  

WRI is assisting stakeholders by:   
· Collecting, compiling and evaluating existing data and information with an emphasis on in-stream data
· Identifying and filling data gaps when and where necessary 
· Constructing a GIS-based mass balance model to iteratively evaluate stream loadings and restoration alternatives in terms of cost and restored eco units 
· Identifying priority streams based on parameters such as cost per recoverable miles, miles recovered

· Developing 1 year, 5 year and long term watershed restoration plans

· Assisting DEP to design and implement AMD treatment in accordance with the plan
· Developing a monitoring plan to document program’s environmental outcome
· Periodically evaluating and reassessing the program’s effectiveness

· Providing technical assistance with stakeholder meetings, presentations and reports to the Legislature

The technical process is detailed in the following tasks.

Task 1. Collect, evaluate and compile water quality data

Objective:

Existing AMD data will be collected from all sources (State and Federal agencies and selected watershed organizations) and compiled into a spatially relational database which will be the basis for AMD restoration activities.
Approach:

A comprehensive list of AMD impaired water bodies will be identified from WVDEP 303(d) lists, 305(b) reports and TMDLs. All available stream and AMD source data will be identified, acquired, compiled, evaluated and incorporated into a Microsoft Access database.

Methodology

Known sources of AMD (chemical and flow data) include the Stream Restoration Group and the Special Reclamation Group of the Department of Environmental Protection.  These data are available across the State’s coal fields, mostly as time-series data.  In-stream data (chemical, biological and flow) are available from the OWR Watershed Assessment Program. Additional data will be requested from watershed groups and individual researchers. These data will be reformatted and entered into a Microsoft Access database.  Quality assessments will be made to the extent possible using such techniques as outlier analysis, charge balance and other known relationships for chemical data for such samples which have sufficient parameters.  Location data for full acceptance into the database will require precision to 0.0001 degree (latitude and longitude).  Data from samples collected more than 5 years before the start of the project will not be used because of the expected changes in water quality over that time period. And data from samples collected by unqualified or unknown individuals will not be included.  Titrated total acidity data will be excluded from the database when there is sufficient data to calculate the total acidity.  

Deliverables

The principal deliverable for this task will be a Microsoft Access database containing tables of the AMD source and in-stream data with a user interface that will allow the querying of data.  The search criteria with this interface will include, but may not be limited to: location, data range and available parameters.  Mine outline data will be presented as a catalog-type listing in a Microsoft Excel file and an ESRI-format shapefile or geodatabase.
Task 2.  Identify and Fill Data Deficiencies
Objective:

The objective of this task is to identify and fill data deficiencies in the database compiled in Task 1.  
Approach:

We will evaluate water quality data compiled in Task 1 at a watershed level to determine if adequate data exists to develop restoration plans (Task 5). We will either collect the additional data or coordinate with WVDEPs Watershed Assessment Program (WAP), Abandoned Mine Lands (AML) or Special Reclamation Programs to ensure that the necessary additional data is collected. 

Methodology: 
We will evaluate the data on the basis of age, number of data and their spatial distribution. At a minimum, where less than eight seasonally distributed chemical samples (including mean and low flows) or two  macroinvertebrate samples collected over the past five years are not available additional data will be required. Furthermore, if the data are not adequately spatially distributed (e.g. limited to watershed nodes that do not definitively delineate AMD impaired stream miles) additional sampling at specified locations will be necessary to estimate and document stream mile recovery.  
Watersheds without sufficient data will be identified, and new sample collection sites selected using USEPA’s random stratified procedure as documented by USEPA’s Environmental Monitoring and Assessment Program (EMAP).

Field data will include flow, pH, specific conductivity, dissolved oxygen concentration, water temperature, and precise site location.  Flow measurements will be made using flow meters, flumes, and weirs.  If none of these devices can be employed, data from local USGS stream gages will be obtained from the USGS records or calculated using USGS alogrithms.  
Two water quality samples will be collected from the site during each site visit.  The first sample will be an unfiltered and un-acidified sample for general chemical purposes, and the second sample will be a filtered and acidified sample for metals analysis.  The chemical constituents measured in the first sample will include, but not necessarily limited to, total alkalinity and total sulfate concentrations.  The metals measured in the second sample will include, but not necessarily limited to: iron, aluminum, manganese, calcium, and magnesium.

A minimum of two visits (high and low flow) will be made to each of the collection sites.  The water quality observed in these samples will determine if remediation is required.  If remediation is required, then additional site visits will be made to collect the data required for the design and installation of a treatment system.

WVWRI will identify data needs and coordinate sampling activities. The actual sampling will be conducted by WVWRI, WVDEP, or competent trained volunteers from local stakeholder groups.  WVWRI can conduct proper sample collection training of watershed organization personnel. groups.

Deliverables:

The deliverables for this task will consist of the data collected from the new sampling locations.  This new data will be incorporated into the database compiled by Task 1.

Task 3.  Pre-Assessment of Recoverable Stream Miles (Eco Units) and Setting Priorities for Fisheries Restoration
Objective:

The objective of this task is to integrate data on stream habitat, chemistry, and biological conditions to identify cold-water (e.g., trout) and warm-water (e.g., smallmouth bass) fishery restoration priorities.  

General Approach:

Existing data from the WVDEP Watershed Assessment Program will be integrated into a “reachshed” based GIS watershed modeling framework developed at WVU.  The original model was developed with support from the USEPA STAR program for the Cheat and Tygart Valley River watersheds and will be extended for use in watersheds throughout the state of WV.  The modeling program is used to quantify the ecological value of all stream segments in a watershed in terms of an EcoUnit (EU).  EUs are a measure of the functional value of a given stream segment as a cold or warm water fishery and are presented in units of linear meters or as a surface area (m2).  General equations describing EU calculations are as follows:

Coldwater EU = fn (drainage area, elevation, canopy cover, habitat quality, water quality)

Warmwater EU = fn (drainage area, gradient, water quality)

Priorities for restoration are then calculated on the basis of the distribution of “restorable” coldwater and warmwater EUs.  Restorability for each is a function of drainage area (larger streams are more easily restored), current water quality characteristics (certain chemical signatures are very difficult to fully restore to a fishery), and the occurrence of other constraints (e.g, untreated sewage and other non-mining related pollutants). 

The highest priorities for restoration are linked sequences of Restorable EcoUnits (REUs).  An efficient mine land reclamation program is one that maximizes the recovery of cold- and warm-water EUs with the smallest number (or cheapest combination) of reclamation projects (e.g., combination of at-source, instream, and in-situ designs).

The end products of this task are watershed maps that highlight stream segments and linked sequences that, if restored, would maximize fishery potential within the watershed.  Maps are coupled with data tables that identify the location of high priority stream segments and indicate the amount of recoverable cold or warm-water EUs are associated with those segments.  Recovery of these high priority EUs becomes the over-reaching objective of the watershed recovery plan.  

Specific Methodology:

Step 1:  Integrate WVDEP data into GIS-based watershed model.

Step 2:  Construct maps of current conditions and reach specific EUs (current EUs and potential cold- and warm-water fishery EUs).

Step 3:  Field validation of current condition maps.

Step 4:  Calculation of cold- and warm-water EU restorability.

Step 5:  Watershed report with maps and data tables identifying cold- and warm-water EU priorities.

Step 6:  Presentation of fishery restoration priorities to WVDEP, WVDNR, and public.

Step 7:  Monitoring plan development and implementation to document cold- and warm-water fishery recovery

Deliverables:

The deliverables from this task will be maps and data tables that identify the highest priorities for restoration of cold- and warm-water fisheries in each of the targeted watersheds.  A report for each watershed will stipulate the ideal sequence of restoration so as to maximize cold- and warm-water fishery recovery at the watershed scale and the number of fishery EUs (in units of river miles or surface area) that can be recovered through full implementation of a restoration plan.  Watershed reports will also stipulate a monitoring and assessment plan designed to effectively document fishery improvements resulting directly from restoration activities.

Task 4.  Develop GIS-Based Decision Support System
Objective:

The objective of this task is to integrate various chemical and ecological modeling components that the WVWRI has developed over the years into a GIS-based decision support system to visually illustrate remediation alternative outcomes.  

Approach:

Building upon the existing 1:24,000 segment level or “reachshed” delineation of watersheds for all of WV and a network model to examine pass through issues, this task will further extend the current modeling capabilities with ecological and chemical models.  We will use the reachsheds and network model to estimate downstream water quality in a mass balance approach.  A popular GIS based software such as ArcView or ArcGIS will be chosen to access the spatial data layers and run the mass balance model.  The advantage of this approach is the ability to visually iterate and illustrate outcomes downstream of various treatment/restoration scenarios.

Methodology:
Step 1.  Design an interface for performing common mass balance and water quality scenarios.  

Step 2.  Use appropriate programming software to integrate existing ecological and chemical models in the GIS.

Step 3.  Program in a mass balance water quality model which can be used to easily input various water quality information and either measured or modeled stream flow

Step 4.  Create the necessary visualization of downstream impacts or changes that occur from various upstream treatment/restoration scenarios.

Step 5.  Link cost spreadsheets for treatment to predicted mass balance output.

Deliverables:
The deliverables from this task will be a user-friendly ESRI ArcGIS 9.2 or ArcView 3.3 GIS extension that can be loaded on any computer running the software with the Spatial Analyst.  We will also provide a users manual and afternoon training seminar on using the software extension.

Task 5.  Develop Watershed Restoration Plans
Objective:

Develop draft and finalize watershed restoration plans based on WVDEP and other stakeholder input. 

Approach:

Based on the results of the above tasks draft watershed restoration plans will be developed and submitted to WVDEP for review and approval. The plans will contain relevant AMD information from the Watershed Based Plan (if available), the most current water quality data (in concentrations and loadings), evaluation of costs and expected ecological benefits of various restoration alternatives and a recommended restoration approach. Stream segments will be prioritized for restoration based on costs and number of stream miles (eco units) recoverable.  

Methodology:

WVDEP recognizes that there are four proven approaches for treating AMD:

1. On-site chemical treatment

2. On-site passive treatment

3. In-stream lime dosing

4. In-situ underground mine treatment

This program is of a scale that only permits use of currently proven treatment technology.  In addition, logistical considerations argue to limit the number of individual treatment units by employing the maximum use of in-stream dosing. Therefore, the preferred restoration alternative must make the most efficient use of the available dollars while documenting both costs and environmental benefits.  

Deliverables: 

We propose to develop 10 restoration plans for priority subwatersheds in the Potomac, Cheat and Tygart watersheds in the first year of the and 20 in year two of the  project. These watersheds were the focus of a recent EPA research project that formed the basis for the GIS model that will be developed in Task 3. Moreover, Friends of the Cheat has recently compiled significant stream and AMD source data that will facilitate plan development. Subsequent plans will be developed in coordination with the Watershed Assessment Program as current water quality data becomes available.
Budget: 
The cost of developing watershed restoration plans will depend on watershed size, spatial distribution, volume and acidity of AMD and number and complexity of required treatment units.

Duration:

Watershed restoration plan development will progress throughout the project until all AMD impaired watersheds have been addressed. 
Task 6. Assist WVDEP with restoration project design and implementation
Objective:

Support WVDEP in designing and implementing restoration projects.
Approach:

WVWRI will be available on an as needed basis to assist the WVDEP with the site selection, final design and implementation of projects recommended by the restoration plan. 
Methodology:

Due to the scale and logistics of the program as well as costs, in-stream lime dosing will be the preferred alternative where appropriate. However, situations are likely to exist where it will be less costly and more beneficial to install passive treatment or to treat mine drainage in-situ. 
Deliverables:

The deliverables for the remediation projects included in this task will be negotiated by the WVWRI and the WVDEP on a project-by-project basis.

Task 7. Monitor and Assess Environmental Outcomes
Objective: 
This task will document both the reach and watershed scale environmental improvements resulting form restoration activities. It is critically important at least in the early stage of the project that physical, chemical and biological data be collected at least on a biannual basis (spring and fall) to document the number of stream miles (eco units) restored under various stream conditions and restoration approaches. This assessment will be used as feedback to inform and adapt the restoration planning and implementation process and to further refine the ability to use water quality parameters to predict ecological condition.  Determinations of stream condition and restoration performance will initially be based on pH, metal and acidity concentrations, flow and WV Stream Condition Index. Ultimately the goal is to predict stream condition based on acid load. 
Approach:
WVWRI will coordinate monitoring in restored stream segments in order to evaluate chemical and biological changes following treatment system implementation. Coordinating the monitoring activities will be the responsibility of the WVWRI.  The actual monitoring work can be completed by the WVWRI, WVDEP, or local stakeholder groups, where available and competent, can be trained to accomplish this work.

Methodology:

The success of restoration projects will be evaluated through monitoring of water quality and ecological condition in restored streams segments.  Water quality monitoring will include the measurement of field parameters such as pH, conductivity, dissolved oxygen (DO), temperature, and flow.  Flow will be measured using flow meters, flumes, temporary weirs, or USGS stream gauging stations when available. 
Two water quality samples will be collected during each site visit.  The first sample will be an unfiltered and un-acidified sample for general chemical purposes, and the second sample will be a filtered and acidified sample for metals analysis.  The chemical constituents measured in the first sample will include, but not necessarily limited to, total alkalinity and total sulfate concentrations.  The metals measured in the second sample will include, but not necessarily limited to: iron, aluminum, manganese, calcium, and magnesium.

A minimum of two visits per year (early spring and early autumn) will be made to each of the sample collection sites.  Water samples collected in the spring will be timed to capture relatively high base flow conditions, and samples collected in the autumn will be conducted during low base flow conditions.
In early spring, we will collect benthic macroinvertebrates from each stream segment.  A 0.25 m2 section of riffle habitat will be scoured in front of a 500µm-mesh kick net until sediment and rocks are completely disturbed.  All samples will be preserved in 95% ethanol and transported to the laboratory where individual macroinvertebrates will be identified and counted.  We will use the West Virginia Stream Condition Index (WVSCI), a family-level index of biotic integrity (IBI) to quantify ecological condition of the restored stream segments.  

Deliverables:

Annual report of restoration project effectiveness in terms of stream miles recovered versus cost.
Task 8. Provide Technical Support of WVDEP Stakeholder Process

Objective:
The objective of this task is to provide technical assistance with stakeholder meetings, presentations and reports to the Legislature so that the technical approach is understood and embraced by the public at large.
Approach:

WVWRI will actively participate in meetings with stakeholder organizations and with the Legislature as determined by the WVDEP.

Methodology:

A general Power Point presentation (ppt) will be prepared describing the technical aspects of the AMD stream restoration process. The ppt will be modified with watershed specific information to address various stakeholder audiences.  

Deliverables:

The deliverables for this task will consist of:

1. WVWRI’s participation in meetings with stakeholder organizations and the legislature.

2. The Microsoft PowerPoint presentations prepared for those meetings.
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