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1. U.S. Geological Survey scientist seals a glass ampule containing a well-water
sample to be used for determining ground-water age.

2. U.S. Geological Survey scientists assemble chambers designed to minimize the
likelihood of contamination of ground water during sample collection and preservation
at the well site.









FOREWORD

The U.S. Geological Survey (USGS) is committed to providing the Nation with credible scientific information that helps
to enhance and protect the overall quality of life and that facilitates effective management of water, biological, energy,
and mineral resources (http://www.usgs.gov/). Information on the Nation’s water resources is critical to ensuring long-
term availability of water that is safe for drinking and recreation and is suitable for industry, irrigation, and fish and
wildlife. Population growth and increasing demands for water make the availability of that water, now measured in
terms of quantity and quality, even more essential to the long-term sustainability of our communities and ecosystems.

The USGS implemented the National Water-Quality Assessment (NAWQA) Program in 1991 to support national,
regional, State, and local information needs and decisions related to water-quality management and policy
(http://water.usgs.gov/nawaa). The NAWQA Program is designed to answer: What is the condition of our Nation’s
streams and ground water? How are conditions changing over time? How do natural features and human activities
affect the quality of streams and ground water, and where are those effects most pronounced? By combining
information on water chemistry, physical characteristics, stream habitat, and aquatic life, the NAWQA Program aims to
provide science-based insights for current and emerging water issues and priorities. From 1991-2001, the NAWQA
Program completed interdisciplinary assessments and established a baseline understanding of water-quality conditions
in 51 of the Nation’s river basins and aquifers, referred to as Study Units

(http://water.usgs.gov/nawga/studyu.html).

In the second decade of the Program (2001-2012), a major focus is on regional assessments of water-quality conditions
and trends. These regional assessments are based on major river basins and principal aquifers, which encompass larger
regions of the country than the Study Units. Regional assessments extend the findings in the Study Units by filling
critical gaps in characterizing the quality of surface water and ground water, and by determining status and trends at
sites that have been consistently monitored for more than a decade. In addition, the regional assessments continue to
build an understanding of how natural features and human activities affect water quality. Many of the regional
assessments employ modeling and other scientific tools, developed on the basis of data collected at individual sites, to
help extend knowledge of water quality to unmonitored, yet comparable areas within the regions. The models thereby
enhance the value of our existing data and our understanding of the hydrologic system. In addition, the models are
useful in evaluating various resource-management scenarios and in predicting how our actions, such as reducing or
managing nonpoint and point sources of contamination, land conversion, and altering flow and (or) pumping regimes,
are likely to affect water conditions within a region.

Other activities planned during the second decade include continuing national syntheses of information on pesticides,
volatile organic compounds (VOCs), nutrients, selected trace elements, and aquatic ecology; and continuing national
topical studies on the fate of agricultural chemicals, effects of urbanization on stream ecosystems, bioaccumulation of
mercury in stream ecosystems, effects of nutrient enrichment on stream ecosystems, and transport of contaminants to
public-supply wells.

The USGS aims to disseminate credible, timely, and relevant science information to address practical and effective
water-resource management and strategies that protect and restore water quality. We hope this NAWQA publication
will provide you with insights and information to meet your needs, and will foster increased citizen awareness and
involvement in the protection and restoration of our Nation’s waters.

The USGS recognizes that a national assessment by a single program cannot address all water-resource issues of
interest. External coordination at all levels is critical for cost-effective management, regulation, and conservation of our
Nation’s water resources, The NAWQA Program, therefore, depends on advice and information from other
agencies—Federal, State, regional, interstate, Tribal, and local—as well as nongovernmental organizations, industry,
academia, and other stakeholder groups. Your assistance and suggestions are greatly appreciated.

Robert M. Hirsch
Associate Director for Water



Ground-Water Quality in Unmined Areas and Near Reclaimed
Surface Coal Mines in the Northern and Central Appalachian
Coal Regions, Pennsylvania and West Virginia

by Steven D. McAuley and Mark D. Kozar

Abstract

Findings are presented from investigations during 1996-
1998 by the U.S. Geological Survey National Water-Quality
Assessment Program. Ground-water quality in 58 wells down-
gradient of reclaimed surface coal minesis compared to
ground-water quality from 25 wells in unmined areas (back-
ground concentrations) in the bituminous coal fields of the
northern Appalachian coal region (high-sulfur coal region) in
Pennsylvania, Maryland, and West Virginia and the central
Appalachian coal region (low-sulfur coal region) in West Vir-
ginia. Ground water in the mined high-sulfur coal region has
significantly greater median concentrationsof sulfate, hardness,
calcium, and specific conductance compared to the unmined
high-sulfur coal region and to both mined and unmined areasin
the low-sulfur coal region. Ground water in mined areas had
median values of mine-drainage constituents (sulfate, iron,
manganese, aluminum, hardness, calcium, magnesium, turbid-
ity, and specific conductance) that were significantly greater
than medians for wellsin unmined areas. Mine-drainage con-
stituents include cations such as calcium and magnesium that
become elevated compared to levelsin unmined areas because
of exposure of acidic mine drainage to calcareous materials.
The transport of pyrite-oxidation products from the mined site
and subsequent neutralization reactions by calcareous materials
at the mine site or along the flow path are likely processes that
result in greater concentrations of mine-drainage constituentsin
mined areas compared to unmined areas. Mine-drainage con-
stituents generally exceeded unmined-area background concen-
trations within about 500 feet of mined sites but were at or
below background levelsin wells more than 1,000 feet down-
gradient of mined sites. Concentrations of sulfate, hardness, and
total dissolved solids were greatest at well depths of 50 to
150 feet but generally were less than background concentra-
tionsin wells deeper than 150 feet. Concentrations of iron, man-
ganese, and aluminum exceeded background concentrationsin
many wells less than 150 feet deep.

In mined areas, median ground-water ages are nearly as
oldin hill locations asin valley locations. Older ground-water
age correlates with increased distance from mined areas. The
lack of significant correlation among mine-drainage-constitu-

ent concentrations, ground-water age, distance from mined
areas, and topographic locations may be the result of factors
such as (1) mixing of ground-water ages in wells open to frac-
tures with variable depths, lengths, and interconnections;

(2) disturbance of rock from blasting; and (3) variationsin slope
and terrain relief in the study area.

Introduction

The overall goal of the U.S. Geological Survey (USGS)
National Water-Quality Assessment (NAWQA) Program isto
describe the status and trendsin the quality of the ground-water
and surface-water resources of the United States and to link
these trends to an understanding of the natural and human fac-
tors that affect the quality of these resources (Gilliom and oth-
ers, 1995). The NAWQA Program integrates water-quality
information on both a national and alocal scale. Major compo-
nents of the ground-water portion of the program are to
1) assess the quality of ground water in major ground-water
regions throughout the United States and 2) determine the fac-
tors that affect the quality of water in these aquifer systems.
Thisgoal isachieved primarily by conducting surveysto assess
the occurrence and distribution of water-quality constituents
within an aquifer and to link datacollected as part of the surveys
to the natural and human factorsthat affect the quality of water
withintheaquifer. A study of ground-water quality near surface
coal mines provides data on the effects of mines on ground-
water quality.

Sulfur, iron, and manganese are sometimes present in high
levelsin coal, coal overburden, and rock that underliesthe coal
(Brady, 1998). Coal-mine drainage can be acidic or alkaline.
Oxidation of iron-disulfide minerals, such as pyrite (FeS),
occurs when the coal and overburden are exposed to oxygen
and moisture, resulting inincreased levels of sulfuric acid, iron,
manganese, and aluminum in ground water. Pyrite oxidation is
the principal mechanism for the formation of acidic minedrain-
age (AMD), in which acidity exceeds alkalinity. Neutral or
alkaline mine drainage has alkalinity that equals or exceeds
acidity but can till have elevated concentrations of sulfate,
iron, and manganese. Because sulfateis conservative in chemi-












