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DISCLAIMER 
 
“This report was prepared as an account of work sponsored by an agency of the United 
States Government.  Neither the United States Government nor any agency thereof, nor 
any of their employees, makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or otherwise does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof.  The views and opinions of authors 
expressed herein do not necessarily state or reflect those of the United States Government 
or any agency thereof.” 
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ABSTRACT 
 
This is the eighth quarter progress report of Phase II of a three phase project to develop 
and evaluate the efficacy of developing multiple environmental market trading credits on 
a partially reclaimed strip mined site near Valley Point, Preston County, WV. The work 
this quarter was limited to performance monitoring of the acid mine drainage (AMD) 
passive treatment system. 
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EXECUTIVE SUMMARY 
 
This is the eighth quarter progress report of work accomplished to develop and evaluate 
the efficacy of developing multiple environmental trading credits on mined land to 
encourage enhanced reclamation, more quickly and at less public cost. Project objectives 
are to develop hypothetical carbon sequestration and water quality trading credits by 
reforesting a 10-hectare area with five species of commercial hardwood tree seedlings 
and designing and constructing a passive AMD treatment system to improve water 
quality. The project site is located on a partially reclaimed surface mine near Valley 
Point, Preston County, WV.  
 
A revised scope of work was developed and submitted to DOE. The scope contemplates 
the development of a computer-based screening level spreadsheet model that will assist 
landowners and investors to develop approximate costs of developing environmental 
market credits on surface mined land (Appendix A).  
 
The performance of the passive AMD treatment system was monitored and is reported 
herein. 
 
EXPERIMENTAL 
 
Passive AMD treatment system performance monitoring was conducted at the treatment 
system discharge using sampling and analytical methodologies described in the first 
quarter report.  
 
RESULTS AND DISCUSSION 
 
Passive AMD treatment system performance monitoring results are shown in Table 1. 
 

Table 1 Passive Treatment System Monitoring Results. 
 P
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roject Site
ample ID Pre Const. System Out System Out System Out System Out Post Const. % Amount Red.

date Units Ave. Baseline 10/27/2005 11/11/2005 12/12/2005 12/30/2005 Average Reduction kg/yr
Flow GPM 6.07 1.97 1.54 12.66 12.66 7.21
Flow L/Min 22.97 7.46 5.83 47.92 47.92 27.28
F pH 3.06 5.50 3.32 4.50 4.44

Lab pH 3.18 5.30 4.94 4.13 4.43 4.70
acidity mg/L 206.88 0.00 98.06 173.53 80.28 87.97

est acidity mg/L 250.11 16.72 20.51 89.23 28.75 38.20 84.73
alkalinity mg/L 0.00 104.00 3.03 0.00 0.00 26.76
acid-alk mg/L 250.11 -87.28 17.48 89.23 28.75 11.44

Mg mg/L 43.39 25.00 8.62 22.65 6.56 15.71
Ca mg/L 51.18 108.00 27.28 41.62 15.78 48.17
Fe mg/L 19.03 0.79 0.96 2.87 3.64 2.07 89.15
Al mg/L 21.25 0.42 2.35 12.17 2.41 4.34 79.59
Mn mg/L 13.53 6.60 2.36 5.58 2.04 4.15 69.36

SO4 mg/L 507.38 400.00 102.00 247.00 64.20 203.30
cond µS/cm 1147.13 713.00 279.00 1468.00 600.00 765.00

acid load kg/yr 3031.29 65.76 63.06 2255.06 726.49 549.66 81.87 2481.63
Fe Load kg/yr 230.65 3.11 2.95 72.53 91.99 29.71 87.12 200.94
Al Load kg/yr 257.54 1.65 7.22 307.57 60.91 62.41 75.77 195.13
Mn Load kg/y 164.01 51.91 14.51 282.05 103.11 59.64 63.64 104.37

Connor Run

r
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All performance monitoring data represented in Table 1 were collected from the 
treatment system discharge. The performance evaluation is based on a comparison 
between an average of discharge concentrations and loadings (four samples) to the 
average baseline (pre-construction) quality (seven samples).  
 
Treatment system performance declined slightly this quarter. The treatment system 
pollutant removal removal efficiency was 84.7 % for acidity, 89.1% for iron, 79.6% for 
aluminum and 69.4% for manganese. Pollutant loading reductions were 81.9, 87.1, 75.8, 
and 63.6 percent for acidity, iron, aluminum and manganese respectfully. The decline in 
system treatment performance as compared to the previous quarter is likely related to 
higher flow volumes and the decreased residence time within the system.  Performance 
may also have been affected by lower ambient temperatures slowing microbial activity. 
 
CONCLUSION 
 
The performance of the passive AMD treatment system continues to be consistent with 
systems of similar size and design.  
 
The proposed computer-based screening tool will provide land owners and developers an 
effective guide for evaluating the efficacy of developing various environmental market 
credits on surface mined land.  
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Appendix A 
 

Proposed Revised Scope 
 
 
 

 
STATEMENT OF WORK 

 
West Virginia University, Office of Sponsored Programs 

“Development of a Screening Process for Evaluating the Efficacy of Developing Multiple 
Environmental Market Credits on Surface Mined Lands” 

 

1. Introduction & Background 

 
This is the final phase of a three phase research project to develop a screening 

process for evaluating the efficacy of developing multiple environmental market 
credits on mined lands as an economic incentive to encourage landowners and/or 
third parties to invest in more and enhanced mined land reclamation.  Environmental 
commodity trading markets such as CO2 sequestration, conservation banking, wetland 
banking and water quality credit trading are emerging at the international, national 
and state levels as market-based mechanisms to address climate change, protect 
threatened and endangered species, prevent wetland loss and encourage watershed 
restoration more quickly and at less cost.  This project is the outcome of a 2000 
Memorandum of Understanding between the Department of Interior, Office of 
Surface Mining and the Department of Energy that encourages the development and 
use of multiple environmental credit markets to incentivize private investment in 
AML restoration.  This approach has the potential to promote innovative restoration 
approaches, new technology and more ecologically holistic restoration. 

The primary goal during the past 25 years of mined land reclamation was to reclaim 
for grassland use.  Returning these grasslands to productive forests and improving 
quality of acid mine drainage-impaired waters is environmentally and economically 
desirable to the general public.  Unfortunately, financial incentives for individual 
landowners to invest in this restoration are insufficient based on traditional timber 
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markets alone, and no financial incentives exist for landowners to invest in water 
quality or habitat improvements.  Restoration of the land through direct public 
financing would cost the government billions of dollars.  Alternatively, market-based 
incentives for abandoned mine land (AML) reclamation have the potential to result in 
greater net ecosystem improvements more quickly and at less cost to the public.  
Potential sources of market incentives for landowner-funded restoration include the 
development of carbon credits, water quality credits, wetland mitigation credits, and 
species conservation credits. 

The concern over the increasing level of atmospheric CO2 and its effect on climate 
has resulted in the development of carbon sequestration commodity markets both in 
the United States and abroad.  The market in the U.S. remains voluntary, but in 
anticipation of a federal greenhouse gas regulatory control program, many proactive 
corporations are investing in carbon sequestration projects to reduce their potential 
financial exposure when and if a carbon cap and trade program is promulgated.  
Conservation banking, although still in its infancy, is growing, allowing private 
landowners to sell species credits in exchange for developing or protecting key 
species’ habitats.  In contrast, wetland mitigation banking is relatively well developed 
with over 400 banks selling credits for anywhere from $5,000 to $ 250,000 depending 
on the local or watershed market demand.  

With respect to water quality trading, the EPA released a policy in January 2003 
that encourages states to develop trading programs that will help restore impaired 
waters at less cost.  A number of state and watershed-based water quality trading 
programs are operating across the country with many more under consideration and 
development.  Although most of the existing trading programs have thus far been 
limited to nutrients there is a clear need for development and implementation of 
programs to address pollutants associated with abandoned mine land drainage 
(AMD).  The framework for such an AMD trading program has been developed in 
the Cheat River watershed by a diverse group of stakeholders and awaits support 
from West Virginia Department of Environmental Protection (WVDEP) for 
implementation. 

 

2. Objectives 

2.1. The objective of this project is to promote the restoration of abandoned mine 
lands through the development of marketable environmental credits to pay for the 
restoration.   

3. Scope of Work/Task Descriptions 

The scope of this contract/amendment includes the following tasks; (1) Quarterly 
Reports, (2) Monitor the Passive Treatment System Performance (3) Literature 
Search to Establish the Status of Environmental Credit Markets, (4) Develop Decision 
Trees, (5) Develop Spreadsheet Model, and (6) Prepare Final Technical Report.  
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The objective of phase III work scope is to develop a simple to follow guide for use 
by landowners and third party investors for evaluating the economic benefits of 
developing multiple environmental market credits on surface mined lands.  The guide 
will provide users with basic background understanding of the potential for the four 
environmental credit markets discussed above, current status of the markets, general 
trading rules and performance requirements, current and anticipated credit prices, 
potential transaction costs, and state, national and private market contact information. 

The guide will include a two-step process for evaluating potential market credits on 
a specific mined land reclamation site.  First, we will develop individual screening 
level process decision trees for evaluating the general feasibility of developing CO2 
and water quality trading credits as well as conservation and/or wetland banks.  
Factors to be included in the decision diagrams include site size, topography, land 
use, location, soil characteristics, drainage quality and volume, available or potential 
markets (buyers, sellers and a mechanism), regulatory impediments among others.  
The decision trees will be useful for determining whether more detailed economic 
analysis, proposed below, is warranted for a particular site.  

Second, we will develop a user-friendly, interactive model for evaluating costs and 
potential financial gains from developing water quality and carbon sequestration 
trading credits through reclamation (reforestation and application of passive AMD 
treatment technology) on mined lands.  The model will be based on data and 
information resulting from work accomplished under project phases I and II as well 
as that developed by the National Mine Land Reclamation Center (NMLRC) over the 
past twenty years.  The model will be constructed to provide for a recommended 
range of variable cost inputs such as length of access road, amount of required 
clearing and grubbing, volume of grading, species and size of seedlings, required soil 
amendment, permitting, type and size of required treatment system based on water 
quality and flow, market transaction costs, etc.  

The model will be tested and verified against the cost of several reclamation 
scenarios at the thirty acre Valley Point, WV project site.  We will use historical costs 
developed by the NMLRC on hundreds of reclamation projects within the region.   

Estimated costs per acre and per benefit will be calculated (e.g. cost per carbon, 
conservation, wetland, or water quality unit created).  Landowners would then be able 
to evaluate the market price per credit necessary to warrant their investment in 
restoration.  A range of current market prices for benefit credits will be provided to 
support landowners’ ability to speculate on future prices.  All costs will be equated in 
terms of net present value based on 2005 dollars.  

A final report will be developed that discusses the rationale for developing multiple 
environmental market credits on mined lands and describing the process for 
landowners and private investors to use in evaluating its efficacy.  

Work Tasks  
Task 1- Quarterly Reports: 
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Complete outstanding quarterly reports (2004 and 2005) in accordance with DOE 
Guidelines, and the DOE project manager’s comments by February 12, 2006.  
Continue to produce quarterly reports for the life of the contract. 

Task 2- Continue Monitoring Passive Treatment System Performance: 

We will monitor passive treatment system performance on a biweekly basis through 
October 31, 2006. Based on this data annual load reductions will be calculated for 
acidity, iron, aluminum and manganese. 

Task 3- Literature Search to Establish the Status of Environmental Credit Markets:  

We will evaluate the scientific, grey and trade press literature to establish the status of 
both international and national carbon trading markets and national water quality 
trading, conservation banking and wetland mitigation banking markets.  The search 
will focus on identifying and synopsizing the viability and location of existing 
markets, respective credit prices, available transaction costs, institutional 
arrangements and contacts for additional information.  We will also identify and 
describe, to the extent it exists, ongoing environmental credit development on mined 
lands by either public or private entities. 

Task 4- Develop Decision Trees 
This task will develop general screening level decision process diagrams that will 
allow the user to determine the preliminary feasibility of developing environmental 
market credits on a particular mined land site. Because of varying site conditions and 
market requirements a separate decision diagram will be developed for carbon 
trading, water quality trading, conservation banking and wetland mitigation banking.  
We will identify and incorporate the major factors that must to be considered for 
advancing a project.  For example, development of all environmental credits requires 
an existing market with willing buyers and sellers and appropriate institutional 
arrangements as well as landowner cooperation.  However, for development of 
carbon sequestration credits by reforestation of a mined site the most important 
factors would include size, soil composition, topography, site accessibility, need for 
and availability of soil amendment, and existing vegetation.  Whereas, for 
development of water quality trading credits primary factors to consider would 
include the volume and quality of drainage, accessibility, adequate area, and 
topography.  

Task 5- Develop Spreadsheet Model  
We will use Visual Basic software for development of a user-friendly spread sheet 
model that can be used by developers in an interactive fashion to evaluate the costs of 
developing carbon and water quality trading credits on mined lands.  Separate 
spreadsheets will be constructed for evaluating the costs and benefits of developing 
carbon and water quality trading credits.  The sheets will be linked to produce total 
net costs and potential benefits without double counting costs such as access road and 
site preparation that could be common for development of both types of credits. 

The model will provide for input of default values from a range of variable costs 
associated with the specified factor such as seedling species and age class and 
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treatment system type and size.  All cost inputs will be derived from costs incurred in 
previous project phases, from NMLRC historical records and from AMD TREAT, 
developed by the Office of Surface mining to estimate costs of constructing AMD 
treatment systems.  

Example Model Inputs for calculating costs: 

• Project area;  
• Project location; 
• Soil composition;  
• Soil amendment type; 
• Soil preparation;  
• Seedling species and age class; 
• Access road length; 
• Clearing and grubbing; 
• Drainage quality and flow; 
• Required grading; and 
• Type and size of Passive treatment system.  

 
Task 6- Prepare Final Report: 

Prepare final report describing all aspects of the projects three phases including 
objectives, approach, material and methods and resulting environmental and 
economic benefits of applying a market-based approach for AML restoration.  More 
specifically, but not limited to, the final report will discuss and evaluate site selection 
criteria, including the access agreement and its development with the land owner; all 
data collected (raw data to be included in appendices); all aspects of the effort to 
prepare the site for tree planting and the reasons for not completing this phase of the 
project; the data used to design the passive treatment system, and treatment goals; the 
model used to develop the design of the passive treatment system and its data 
requirements; the performance of the passive treatment system against the treatment 
goals.  The final report will also include the results of tasks 2-5, as described above. 

4. Deliverables 

Quarterly report (pass due and current) and the final technical report.  These reports 
will be reviewed by the EPRI Project Manager, and any comments will be addressed. 

5. Schedule 

The period of performance for this amendment is from 12/31/05 to 10/31/06. 
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