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EXECUTIVE SUMMARY

Many communities in the coalfield counties of southwest Virginia lack adequate and safe
water supplies. The ability to develop affordable local water sources by using small water
treatment plants is an attractive option to a small community and the local government.
Under the right circumstances, water stored in mine cavities and discharged freely
through the portals can be a potential water source for a small community where other
sources of water are scarce or not of acceptable quality. Contrary to the general
perception, not all mines produce acid drainage and many mines discharge water of
acceptable quality that can be developed for drinking water supplies by using appropriate
treatment techniques.
The goal of this project was to study the potential for developing mine cavity water as a
potential source of drinking water in the coalfield counties of southwest Virginia. The
project components included developing hydrologic techniques to determine long-term
sustainability of available water that could meet community needs, institutional and water
quality issues, and water treatment options. This report addresses institutional issues,
water quality, and water treatment options. Hydrologic studies are documented in a
separate report.
Objectives of this study were achieved by: 1) reviewing technical and institutional
documents; 2) interviewing local, state, and federal agency personnel; 3) interviewing
technical and legal experts from the coal mining ind ustry; 4) collecting census data, field
measurements, sampling and laboratory analyses of water quality parameters for a
selected study site; and 5) reviewing material from package-water treatment plant
manufacturers.
General introduction and project objectives are presented in Sections 1 and 2 of the
report. A discussion on natural properties of mine cavity water and institutional issues are
presented in Section 3 of this report. Institutional issues discussed in this report include
the ownership of the source water and the ownership of developed water system;
liabilities in terms of compliance to the Safe Drinking Water Act and zoning ordinances;
the Virginia Department of Health permit requirements; and financing small water
systems. Section 3 also includes a discussion on available water treatment technologies
for small water systems and their potential application to mine cavity water.
Section 4 of this report is dedicated to a case study for developing mine cavity water for a
small community in Dickenson County, Virginia. The report provides site characteristics,
water testing results, and proposed water treatment options including approximate costs.
It was found that the mine portal discharge is adequate to meet the needs of a nearby
community and the discharge water quality is appropriate for development as a small
water system.

The final section of this report contains two sets of recommendations for future activities.
The first set is general recommendations to facilitate the potential development of mine
cavity water in coalfield counties of southwest Virginia. The second set of
recommendations build on the results of this study and provide guidelines for the
development of the mine cavity water for water supplies at the case study site in
Dickenson County. The information compiled in this document is intended for Public
Service Authorities and other groups involved with planning of water supplies in
coalfield counties of southwest Virginia.

Keywords: mine cavity water, small water systems, water treatment, Dickenson County

1. Introduction
Many communities in the coalfield counties of southwest Virginia (Buchanan,
Dickenson, Wise, Russell, Scott, Lee, and Tazewell) lack adequate water supplies (Ross
et al. 1996). In some areas, using groundwater is not desirable for water supplies due to
the natural aquifer conditions and past mining activities. In coalfield counties, there are
limitations with developing surface water systems as well. Most of the surface water in
remote areas consists of small streams and headwaters. In some cases, these streams are
contaminated by raw sewage, lack of properly functioning septic systems, and nonpoint
sources of pollution. Mountainous terrain and scattered small communities make it
difficult and costly to supply water through public water lines to these areas. Miles- long
water distribution pipelines are needed to reach remote communities, and costly booster
tanks or pump stations are needed to lift the water to high elevatio ns. In some areas,
shallow soils and steep grades add significant cost to route a pipeline. In addition, limited
financial means and low tax base of affected communities make affordability of public
potable water in coalfield households more difficult.
The ability to use available local water sources with small water treatment plants can be
an attractive possibility to a small community and local government. If the geological,
chemical, and physical conditions are right, in certain areas the water stored in mine
cavities can be a potential source of water for a small community where other sources are
scarce or not of acceptable quality.
In southwest Virginia, mine cavity water is currently used at Coeburn (Wise County) and
Norton, as a back up water source for their surface water treatment plant. In Trammel,
Dickenson County, the mine cavity water is the sole source for the community and must
be treated to reduce concentrations of iron and manganese below Secondary Maximum
Contaminant Levels. Development and use of mine cavity water has been successful in
West Virginia for several decades. As far back as 1981, 72 public water systems in West
Virginia pumped more than 7 million gallons of water per day from abandoned mined
areas to supply potable water to 81,600 people and various industrial and commercial
establishments (Lessing and Hobba 1981). In Kentucky, large-scale use of mine cavity
water is being planned. Thus far, 16 mines have been identified as a potential source for
public water supplies and the process is underway to characterize the mines in terms of
ownership and water storage (Cumbie 1998). Recently, Kentucky legislators addressed
water and mineral rights issues in the Commonwealth of Kentucky. According to the
legislative record of the Commonwealth of Kentucky, “Water occurring in any stream,
lake, groundwater, subterranean water or other body of water in the Commonwealth
which may be applied to any useful and beneficial purpose is hereby declared to be a
natural resource and public water of the Commonwealth” (Kentucky Revised Statue
Chapter 151.120).
The goal of this project was to study the potential for developing mine cavity water as a
drinking water source in the coalfield counties of southwest Virginia and to document the
preliminary information needed to develop coal- mine cavity water as a source of potable

water. The information could be useful to Public Service Authorities and others that may
develop the mine cavity water for water supplies.
2. Objectives
The overall goal of this project was to study the potential for developing mine cavity
water as a potential source of drinking water. The project’s components include
hydrologic studies to determine sustainability of available water to meet community
needs; legal and institutional issues related to developing mine cavity water; and water
quality and water treatment options. Hydrologic studies for this project are documented
in a separate report (Anderson 1999). Institutional issues, water quality and water
treatment options are discussed in this report. Specific objectives of this study were to:
1. develop guidelines for developing mine cavity water as a drinking water source;
2. determine water quality and water treatment options for a case study site.

The following procedures were used to achieve study objectives:
1.
2.
3.
4.
5.

Review of technical and institutional documents pertaining to this study.
Interviews with local, state, and federal agency personnel.
Interviews with technical and legal experts from the coal mining industry.
Review of information from package-water-treatment plant manufacturers.
Collection of census data; field measurements, sampling and laboratory analyses
of water quality parameters pertinent to the design of drinking water systems.

To test various scenarios proposed for this project, based on discussions with individuals
familiar with the area, a case study site was selected where individual households have
hauled and used mine cavity water for many years. Hydrologic, geologic, water quality
and census data were collected for the case study site. Guidelines developed for the case
study site are expected to be applicable to other areas where there is a potential to
develop mine cavity water for water supplies.

3. Guidelines for Developing Mine Cavity Water
Several steps are involved in developing a potential water source. These include
identifying a potential source near a community where water is needed; addressing
institutional issues such as ownership, liability, permits, and financing; performing water
quality analysis to determine if the water source could be developed cost effectively; and
determining economically affordable water treatment options.
3.1. Identifying a Potential Water Source
Abandoned mines are scattered across the landscape of southwest Virginia’s coalfield
counties. At present, there is no document that shows the existence of mined sites in
coalfield counties where suitable water could be available. However, general information
regarding the existence of potential sites can be obtained from the coal companies, the
Virginia Department of Mines, Minerals and Energy (DMME), or local citizens. The
selection of a water source is based on water need and demand for a particular
community where alternative water sources are not available or the existing water source
is degraded.
Contrary to the popular perception, not all mines produce acidic mine drainage. Acidic
mine drainage occurs when the coal is exposed to oxygen and its sulfur content is
oxidized to produce sulfuric acid [H2 SO4 ] and ferrous iron [Fe2+] in water. The highly
acidic water then mobilizes other metals from the coal and associated spoil materials,
often creating a highly toxic mixture of metals and low pH. Iron sulfides (pyrite), which
are common in coal-bearing deposits, are the major cause of acidic mine drainage. There
are complex biological and chemical interactions that occur to convert pyrite [FeS2 ] into
ferrous iron, sulfate and acidity (Cravotta 1994). Initially, the pyrite is oxidized by
oxygen to form ferrous iron [Fe2+], sulfate ions [SO4 2-], and acidity [H+]. The bacteria
Thiobacillus Ferrooxidans converts the ferrous iron into ferric iron [Fe3+], which reacts
with water to form ferrihydrite [Fe(OH)3 ] (Suzuki 1994). The ferrihydrite is insoluble
and precipitates at pH above 3. As the oxygen continues to oxidize the pyrite, the pH
drops, which allows the ferric iron to remain in solution. Ferric iron will also oxidize
pyrite, and does so at a faster rate and produces more acidity than oxygen oxidation
(Madigan 1995). At this point, a cycle is produced. The ferric iron oxidizes pyrite
creating acidity and ferrous iron, then the bacteria T. Ferrooxidans converts the ferrous
iron back into ferric iron, where it is available to oxidize more pyrite. Once this cycle of
acid production has been established, it can be very difficult, if not impossible to stop.
Limited research indicates that in many Virginia mines the internal geochemistry
processes prevent the occurrence of acidic mine drainage (Powell and Larson 1985). In a
mine that is not producing acidic mine drainage, the pyrite is still being oxidized to form
acidity, but the rocks above and below the coal seam have neutralizing properties that
remove the acidity. According to the USGS, minerals that neutralize acidity are
plagioclase feldspar, chlorite, and carbonate-bearing sandstone, all of which are found in
southwest Virginia geology. The dominant reactions are silicate hydrolysis and
carbonate dissolution (Powell and Larson 1985). Once the pH increases, many metals

dissolved within the water will react with sulfides, sulfates, carbonates, and hydroxides to
form insoluble materials that will precipitate. Metals such as arsenic, mercury, copper,
iron, silver, lead, and other heavy metals are precipitated by this mechanism and removed
from the system (Cheremisinoff 1995). The combination of acid consuming reactions
and precipitation will leave behind an abundance of dissolved ions such as calcium,
magnesium, sodium, and sulfate (Powell and Larson 1985). Compared to the toxic acidic
mine drainage, neutral mine drainage with high hardness, sulfate, and sodium is much
easier to improve to potable standards.
A primary consideration in developing mine cavity water is whether the source is at a
chemical steady state or if the water chemistry will change over time. A number of
factors will cause the water to remain at a chemical steady state. Because there are large
amounts of alkaline producing rocks in the coal producing counties of southwest
Virginia, and much of the coal contains low sulfur content, it can be expected that, in
many areas, there is sufficient alkalinity in the rocks to neutralize any acidity produced
from pyrite oxidation. Additionally, if the coal remains submerged and the exposure of
pyrite is limited, then no additional acidity will be produced from the pyrite (Powell and
Larson 1985). In addition, it has been reported that the level of contamination is most
severe four to eight years after the mining operation has begun (McCurry 1986; Rauch
and Dipretoro 1986). The peak in most old mines has been reached already and it can be
assumed that the level of contamination will continue to decrease over time and reach a
steady state.
The Department of Mines, Minerals and Energy (DMME) is in the process of developing
a complete listing of acidic mine drainage sites in Virginia. However, the DMME list of
acid mine drainage sites is oriented toward environmental contamination, not water
supplies. Some deep mines harboring large quantities of water may be far enough below
the ground that they do not give rise to surface seeps, and they may be at stratigraphic
levels other than the level sampled by the DMME, and therefore the DMME sampling
results may have no relationship to water quality in a mine in the same location.

3.2 Institutional Issues
Several legal issues such as ownership, liability, permitting, and project financing need to
be addressed before developing a proposed water system. The goal of this section is to
document the institutional issues that must be addressed before developing any mine
cavity water into a source for water supplies.
3.2.1 Ownership
Because of the liability, two issues need to be resolved regarding the ownership. The first
issue is who owns the water source, and the second issue is who assumes the ownership
of the proposed waterworks.
For many years, the mine cavity discharge flowing to the ground surface has been hauled
and used by private citizens in coalfield countie s of southwest Virginia. According to
interviews, mining companies’ personnel believe that once the mine discharge flows in
the public domain, they have no objection if the water is hauled away and used by private
citizens. They are agreeable, in principal, to developing the portal discharge for small
public water systems, but they have two concerns that need to be resolved. The first
concern relates to the mineral rights, i.e., the developed water source may limit future
mining. The second concern relates to source water loss or contamination that may occur
due to future mining that would make the mining companies liable for potential damages
and other source water contamination not related to mining activities (such as wildlife).
The next issue to be resolved is who assumes the ownership of the proposed waterworks.
This is a critical question, because the waterworks owner will enter into negotiations with
the mining companies, the Virginia Department of Health and the local governments.
Public water-supply systems or waterworks are those systems that serve at least 15
connections or 25 individuals for at least 60 days of the year. The term public is not to be
confused with the ownership of a waterworks. A waterworks owner can be an individual
or group of investors, or a local and state government entity such as public service
authorities.
At the project outset, the potential waterworks owner should be identified and the owner
should immediately enter into negotiation with the mining company that owns the
watershed and the underlying aquifer. The mining company may have an interest either in
present or future use of the area for mining or other purposes. It is important that a formal
agreement be signed between the mining company and the future waterworks owner to
clarify intentions of both parties. It is important to clearly state in the agreement the
damages that may occur to the mine, the nearby areas, and future water quality problems.
The formal agreement should consider issues such as a VDH permit, local zoning
ordinances, and compliance with federal, state, and local regulatory regulations.

3.2.2 Liability

One of the major issues that will arise in terms of liability is compliance with the Safe
Drinking Water Act (SDWA). All public water systems in the U.S. are subject to federal
law and regulations. The SDWA mandates the safety of drinking water at the tap as well
as the protection of the source water. Quality of tap water is the responsibility of the
water system owner and source water protection, in this case, falls within the domain of
the coal company unless clearly identified in the memorandum of agreement between the
two parties. The VDH serves as the primacy agency to enforce the provisions of the
SDWA in Virginia. Therefore, the memorandum of agreement between the two parties
should be developed in full consultation with the VDH.
The construction phase of the water system development will impact the surrounding
environments in various ways. Some of the potential impacts may be in conflict with the
local zoning ordinances. Usually the local governments, through their elected officials,
planning commission and staff, determine the overall pattern of land use and anticipated
changes that will be allowed in their jurisdiction. While local governing bodies, in
general, are willing to approve any requested changes in zoning when there is strong
justification, they are less inclined to do so if the affected area needs to be protected for
natural, historic, or other reasons which in the long run will result in liability to water
system developers and/or the coal mining company. Therefore, before any memorandum
of agreement is signed, the water system plan should be shared with the local government
and be subjected to a public hearing.
3.2.3

The VDH Permit Requirements

The Virginia Department of Health (VDH) must be contacted to obtain a permit for
developing a water source for drinking water. Several VDH requirements must be
satisfied before any permits can be issued.
Several factors should be considered before the permitting process is started. First, the
potential water system’s owner should conduct a survey to determine the affected
community’s interest in a public water system. Practically speaking, at least 90% of the
households of the affected community must agree with the implementation of the
proposed water project for the project to go ahead. Second, a professional engineer must
prepare a Preliminary Engineering Review (PER) to determine if developing the
proposed water source is the most economically feasible method compared to other
available water sources or extending an existing public water line. If the PER is
acceptable, the project may continue.
Major components of a required VDH report are: water testing requirements, a
preliminary water quality analysis, sanitary survey, geological survey, and hydrological
analysis. The water quality analyses should be performed at a certified laboratory. The
sanitary, geological, and hydrological analyses need to be performed by licensed
professionals (geologists, hydrologists, civil engineers, and others). Many aspects of the
analyses will overlap one another. It would be most economical to have all analyses
performed at one time by a single consulting firm. Based on these investigations, site

improvement may be required before developing the water source. The VDH
requirements pertinent to developing mine cavity water are described below.
3.2.3.1 Water testing requirements
When selecting a water source to be developed for drinking water supplies, certain water
quality tests should be performed to satisfy the VDH requirements. Preliminary tests
described in the next section should be used as a screening procedure to show the
potential for water development. The VDH should be provided with the initial water
quality analysis and be informed on the progress of the study.
The VDH requirements for water testing that should occur over a period of 6 to 12
months are as follows (Dishman 1998):
1) Daily monitoring of turbidity, total dissolved solids, water temperature, flow, and pH
to detect any change or sudden spikes in the parameter levels.
2) Weekly (at minimum) water sampling for coliform analysis, as well as sampling the
day of and the day after rainfall and snowmelts (the data will determine the
contribution of surface water infiltration, as well as measuring any trends in coliform
levels).
3) Quarterly sampling for inorganic chemicals listed in Table 2.2 of the State
Waterworks Regulations, volatile and synthetic organic chemicals listed in Table 2.3
of the State Waterworks Regulations, and radiological constituents listed in Table 2.5
of the State Waterworks Regulations (Commonwealth of Virginia 1995).
The frequent number of measurements and samples that need to be taken can be done
several ways. Many companies manufacture automated testing equipment that can
analyze water for pH, temperature, turbidity, conductivity, and flow rate. The units store
the data, which can be downloaded and saved in a computer. Biological samples,
however, must be analyzed in the laboratory.
Since automated instrumentation may be a costly investment for a one-time project,
manual sampling by a local community member could be ideal. A person nearby could
collect daily and weekly samples and mail them to state labs for analysis. The person
would need to be trained in the proper collection and handling techniques of the samples
to ensure accurate results. If the person is from the community slated to receive the water
after it is developed, he or she will have a personal stake in the study and may take the
time to help the community for free or with minimal reimbursement.
In addition to water sampling, a rain gauge should be set up at the site to continuously
record the amount of rainfall over the study period. Automated rain gauges that collect
data electronically and save it for downloading are on the market as well.
In order to make the results of the long-term portion of the water testing accurate and
reliable, a sanitary portal (discussed later) must be constructed before water sampling is
initiated.

3.2.3.2

Water Quality Analyses

When a potential water source has been discovered the water must be tested to determine
if it would be feasible to pursue it as a drinking water source, before investing many
resources. Water should be analyzed for its physical, chemical, and biological properties
to determine the level of treatment required for developing the water for potable water
supplies. Detailed information on the Natio nal Drinking Water Standards is documented
in a 1996 Water Center publication (Poff 1996).
The VDH requires that any source water under consideration for development as a public
water supply be registered with the VDH and be issued a Public Water Source
Identification Number. In southwest Virginia, a Water Source Identification Number can
be obtained from the Office of Water Programs, VDH Field Office in Abingdon.
a. Physical Analyses
Physical analyses include analysis for pH, turbidity, dissolved oxygen, smell, and taste.
It is highly recommended that instrumentation be installed to measure water quality
parameters such as, pH, conductivity, turbidity, and water temperature on a continuous
basis.
Turbidity and pH are good indicators of water quality and can determine the level of
water treatment needed. For example, high turbidity indicates surface water influence, a
higher possibility of biological contamination, and an increased need for filtration.
Extremely high pH values can hinder the ability of chlorine to disinfect the water, and
extremely low pH could be indicative of acidic mine drainage. Conductivity is an
indicator of the level of dissolved ions in the water. The VDH requires frequent
measurements of the total dissolved solids (TDS) as well. Since, unlike conductivity,
direct measurement of TDS is not possible, adequate samples should be taken and
analyzed for both TDS and conductivity to develop a correlation between the two
parameters.
Taste and odor problems are usually caused by decaying organic material and are very
difficult to remove. Low dissolved oxygen is an indicator of a high organic content in
water and shows possible influence of surface water and a greater potential for higher
incidence of biological contamination. Some taste and odor problems may be caused by
inorganic contaminants, such as sulfur and iron. A distinct odor and brownish color
could be indicative of a foul taste as well. Unless there are no other options for the
community, water sources with severe taste and odor problems may be too expensive to
develop as a potable water source.
If the preliminary physical analyses show that the mine cavity water is suitable for
development, then the full range of chemical and biological analyses should be done to
discover exactly what constituents are in the water.

b. Chemical Analyses
The complete list of allowable maximum contaminants in drinking water regulated by the
EPA can be found at the Web site http://www.epa.gov/OGWDW/wot/appa.html, Table
2.2, 2.3 and 2.5 of the State Water Regulations (Commonwealth of Virginia 1995) and
Table 2 of this report (page 45). A list of certified laboratories in Virginia can be found at
Water Center’s web site (http://www.vwrrc.vt.edu). In addition to private labs, the
Consolidated Laboratories of the Virginia Department of General Services performs
water analyses free of charge for sources being developed as public water supplies.
c. Biological Analyses
The EPA and the National Sanitation Foundation (NSF) have established standards for
biological water quality to prevent disease-causing organisms from being transmitted by
the public water supply. Traditionally, total and fecal coliforms were the main tests
performed to measure biological quality of a water source. The coliform species are
bacteria that typically live in the intestines of mammals. If coliforms are detected in
water, then it is assumed the water has been contaminated by fecal material and could
possibly harbor pathogens. The fecal coliform test specifically tests for fecal coliform
organisms from warm-blooded mammals, whereas the total coliform test will detect
bacteria from cold-blooded animals, non-enteric sources as well as from warm-blooded
mammals.
Giardia and Cryptosporidium are disease-causing microorganisms that are extremely
resistant to chlorine disinfection, because they can form cysts that are not harmed by
normal chlorine contact times. Viruses cause a number of diseases from the common
cold to hepatitis, and may also not be removed through conventional treatment.
Currently, Giardia, Cryptosporidium and viral analyses are conducted along with a
coliform analysis for tap water. However, it is advisable to know what is in the source
water so proper filtration and disinfection processes can be designed. At present, only a
few laboratories in the U.S. are equipped to perform Giardia and Cryptospordium
analysis.
3.2.3.3 Sanitary Survey
A sanitary survey is an inspection of the area around the water source to determine any
possible sources of contamination that may influence the water supply. A thorough
sanitary survey can locate any existing contamination source and reveal possible sources
of future contamination. Remedial action taken to remove any existing or possible
sources of contamination can greatly reduce the need for treatment, reducing the overall
cost of the treatment operation.
County maps and visual inspection of the area can be used to find specific sources of
possible contamination such as housing settlements, commercial areas, ind ustry, and
farms. All homes in close proximity to the mine should be inspected for proper
wastewater treatment to prevent nitrates, organic matter, and biological pathogens from

entering the water supply. Waste from industrial sites can contribute heavy metals and
other toxic materials that could be a major health concern. Industrial plants within the
area should be inspected to ensure industrial waste is not transported via surface or
groundwater into the mine. Agricultural practices in the watershed can be a source of
fecal pathogens from animal manure or a source of chemicals from fertilizer and
pesticide in surface runoff. Landfills and underground storage tanks can be major sources
of toxic chemicals entering the groundwater and flowing into the mine.
Another very important aspect of the sanitary survey is the inspection for bats and other
animals entering or living in the mine. In Virginia, abandoned mines are home for
hundreds of bats. Before developing the water source, the mine should be surveyed to
determine if it is suitable for bat habitat. A license is not required to survey for bats, but
someone with experience and training should perform the survey. There are a number of
agencies and organizations that have experience detecting bats in mines such as the
DMME, Virginia Department of Game and Inland Fisheries, and the Nature
Conservancy. In most cases bats do not live in flooded mines. The area should be
monitored over a one- year period in order to evaluate the impact of migratory bats on the
water source.
Occasionally, endangered bats or other endangered wildlife form habitats in abandoned
mines. In some cases, altering the mine or the portal area may destroy the endangered
animal’s habitat. The local U.S. Fish and Wildlife Service or the local Division of Game
and Inland Fisheries should be contacted to address the issue of endangered species and
reporting requirements. If a mutual agreement cannot be reached to satisfy concerned
agencies, the particular mine may have to be dropped as a possible source for water
supplies. An example bat habitat suitability survey sheet for mine portal investigation is
attached as Appendix 2 of this report.
3.2.3.4 Geological investigation
The purpose of a geological investigation is to determine the extent of the mine, any
surface openings, and the geological composition of the surface and subsurface of the
mine. Most mines have cracks at the surface and numerous openings that allow surface
water and associated contaminants to flow underground to the point where the water is
withdrawn. In addition, the geological make- up of the subsurface and surface of the mine
can affect the quality of the mine cavity water as the water travels through the rock.
Therefore, a thorough geological analysis must be done to find the extent of the mine and
direct openings to the mine itself, along with the composition of the rock layers above
and below the mine.
Mine maps and coal company records can be used to determine the extent of the mine
and its connections with other mines; this will probably be the primary method for
determining the extent, since drilling samples can be very expensive. To the degree
possible, the surface of the mine should be visually inspected to determine any previously
unmarked cracks or fractures that could possibly allow water to enter the mine unfiltered.
This is not possible with some mines, because they can stretch for hundreds of square

miles. The USGS maps and mining records can reveal general subsurface composition,
however, core samples drilled into the ground will give the most accurate analysis.
The VDH requires specific information from the geological survey of the area. These
include: 1) coal bottom elevations, 2) drainage ways, 3) drainage direction, 4) areas
where the mine roof has collapsed, 5) drains, and 6) entry portals. The VDH also
requires a stratigraphic map that extends from the surface to the coal seam directly below
the layer from which water is to be withdrawn. Specific roof cracks, entries, portals,
subsidence, and any other anomaly that may allow direct inflow of surface water into the
mine must also be addressed, along with a soil analysis regarding the ability of the
surface soil to adequately filter the surface water. Depending on the age of the mine it
may not be possible to acquire all the needed information. However, these issues should
be addressed to the greatest extent possible and the VDH should be consulted about any
information that cannot be obtained.
3.2.3.5 Hydrological Analysis
Determining discharge (flow rate) from a mine is imperative because it is important to
know if the source is reliable enough to continuously supply and meet the community
demand for which the water source development is intended. General information on
water availability (for example, general mine discharge information during severe
droughts and the general reliability of the source) can be obtained by talking to local
citizens and the coal company. Some coal companies maintain flow discharge data from
the mine portals. In the absence of such data, a flow measurement technique should be
used to monitor the discharge on a continuous basis for at least one year.
The groundwater and surface water conditions, rainfall amounts, and the mine flow
patterns should be studied to understand how and to what extent the mine is recharged
through surface infiltration or groundwater flow. The analysis of groundwater hydrology
can be very expensive and is not specifically required by the VDH. However, there may
be existing information available from the USGS geological maps or coal companies
pertaining to groundwater flow and aquifer properties. The Virginia Division of Mineral
Resources has prepared detailed geologic maps of the entire Virginia Coalfield area in the
1980s. The available information could be very useful for determining the direction of
groundwater flow and potential contamination sources.
A topographical map of the area can be used to delineate the watershed area surface
runoff characteristics. An aerial photo can be helpful for finding any recent changes in
the topography that may have been caused by mining activities. The land surface above
the mine should be checked for the existence of any stream that may flow across the
mine. These streams probably contribute to surface water infiltration.
The internal characteristics of the mine are the most difficult to study. It is very important
to determine flow paths through the mine, internal storage volume, and internal water
level fluctuations. The flow path within the mine can reveal information on internal
geochemistry and water quality. The water volume and water level fluctuations along

with rainfall data can reveal the amount of surface water influence in the mine. For
example, a long time lag between a rainfall event and the subsequent mine portal
discharge or change in groundwater elevation indicate greater opportunity for water
infiltration (filtration through soil) and natural water treatment through the soil. In
general, when developing groundwater for water supplies, the VDH requires the
correlation data between a rainfall event and groundwater level. Also, for water well
development, the VDH recommends using 30- year low groundwater level data to
determine maximum available water for withdrawal. In most cases this data will not be
readily available in mining areas. Available data (or data to be collected over a one-year
period) and statistical analysis must be used to determine the amount of flow that can be
safely withdrawn without draining the mine.
3.2.3.6 Site Improvement
Based on geological and hydrological investigations as well as the sanitary survey,
certain steps may need to be taken to improve the site and to prevent source water
contamination. The ideal situation is to minimize unfiltered mine cavity recharge and
protect the mine aquifer from all inflow except percolation through the soil and rock
strata above the cavity. By minimizing potential contamination source the raw water will
be less contaminated and less treatment will be needed. This section discusses two
improvements that will most likely be required on any mine cavity water source. There
could always be other necessary improvements depending on the site analysis results.
a. Sanitary portal improvement
The purpose of the sanitary portal is to guarantee that the water being tested is indicative
of actual water quality in the mine and not surface- influenced water. This can be done a
number of ways depending on the particular layout of the mine. One technique is to drill
a well from above the cavity and pump out the water. A second method used for free
flowing discharges entails inserting a pipe into a side-wall and sealing the area around the
opening. Specific information on the construction of a sanitary portal can be obtained
from the VDH.
The portal from which the water is discharged from the mine or from which water is
pumped is extremely important. The portal opening can be a possible route for
contamination to enter the mine. Therefore, it is imperative that the portal be grouted and
sealed in such a way to prevent surface water from entering the mine. It is also very
important to have a sanitary portal for collecting water samples for the VDH permits.
The VDH requires that the opening where the water samples are taken be constructed to
prevent surface water contamination of the samples. In addition, the water samples must
be indicative of the water within the mine, which will eventually be treated for potable
use. However, before any pipes are inserted into the mine, the geology of the mine must
be known in order to place the pipe properly and not to inflect damage to the mine
structure. The hydrology within the mine must also be known in order to prevent the
portal from going dry due to fluctuations in the water level.

b. Sealing the mine
The VDH requires the mine entrances be sealed to protect the water supply and public
safety. Cracks and subsidence on the surface must be sealed as well to prevent runoff
intrusion and biological contamination that may be caused by animals such as bats.
Sealing mine entrances is a relatively routine task for many contractors in southwest
Virginia. For additional information, contact the Abandoned Mine Land program at the
DMME.

3.2.4 Financing the Small Water System
While some funding sources such as the Coalfield Water Development Fund (Stanley
1998) are specifically targeted for coalfield counties, many other governmental and nongovernmental sources are available for small water systems. Nguyen (1996) documented
some potentia l sources of funding for small water systems in Virginia. An updated and
detailed list of potential sources is given below. The Internet based information given
below can be accessed through the Virginia Small Water Systems Web site
(www.vwrrc.vt.edu/sws).
United States Government
Appalachian Regional Commission (ARC)
Catalog of Federal Domestic Assistance (CFDA)
United States Department of Agriculture (USDA)
Rural Utilities Service (RUS )
United States Department of Commerce (USDC)
United States Department of Housing and Urban Development (HUD)
Community Development Block Grant (CDBG)
United States Environmental Protection Agency (EPA)
Drinking Water State Revolving Fund (DWSRF)
United States Small Bus iness Administration (SBA)

Virginia Government
Virginia Department of Business Assistance (DBA)
Virginia Department of Health (administers federal aid from DWSRF)
Virginia Department of Housing and Community Development (administers
federal aid from ARC and CDBG)
Virginia Resources Authority (administers federal aid from DWSRF)
Virginia State Corporation Commission (SCC)

Non-Government Organizations
America’s Business Funding
National Drinking Water Clearinghouse
Small Business Taxes & Management
Southeast Rural Community Assistance Project (SER-CAP)
Virginia Rural Water Association (VRWA)

United States Government

Appalachian Regional Commission (ARC) (http://www.arc.gov ) advocates for and
partners with the people of Appalachia to create opportunities for self-sustaining
economic development and improved quality of life. Grants are given for supporting
water services for industrial and commercial needs. The Virginia Department of Housing
and Community Development administers the funds in Virginia. For a brief description,
go to (http://sacam.oren.ortn.edu/~arctli/arc.html).
ARC Headquarters’ Office: 1666 Connecticut Avenue, NW, Washington, DC 20235. Phone:
(202) 884-7799. ARC Public Affairs Office: (202) 884-7771.

Catalog of Federal Domestic Assistance (CFDA) (http://aspe.os.dhhs.gov/cfda/ifun.htm)
lists eligibility requirements, application and award processes, information contacts,
assistance considerations, post assistance requirements, and more. Information listed by
subject (Community Water Supply Services (http://aspe.os.dhhs.gov/cfda/ifunqm.htm);
Water Conservation and Research (http://aspe.os.dhhs.gov/cfda/ifunql.htm)) or by
beneficiary indices.
Examples:
Appalachian Supplements to Federal Grant-in-Aid
(http://aspe.os.dhhs.gov/cfda/P23002.htm)
Business and Industry Loans
(http://aspe.os.dhhs.gov/cfda/P10768.htm)
Community Facilities Loans and Grants
(http://aspe.os.dhhs.gov/cfda/P10766.htm)
Community Services Block Grant: Discretionary Awards
(http://aspe.os.dhhs.gov/cfda/P93570.htm)
Indian Community Development Block Grant Program
(http://aspe.os.dhhs.gov/cfda/P14862.htm)
Rural Development Grants
(http://aspe.os.dhhs.gov/cfda/P10769.htm)
Water and Waste Disposal Systems for Rural Communities
(http://aspe.os.dhhs.gov/cfda/P10760.htm)

United States Department of Agriculture (USDA) offers programs to develop and
improve water in rural areas. Provides loans to construct or improve essential service
facilities in rural areas. The USDA Rural Development (formerly FmHA) offers financial
assistance to small water systems through the Rural Utilities Service (RUS).
(www.usda.gov/rus/water/states/va.htm). Address: Culpeper Building, Suite 238, 1606
Santa Rosa Road, Richmond, VA 23229-5014. Phone: (804) 287-1550.

Offices:
Virginia Local Office Information (www.rurdev.usda.gov/va/co- list.htm)
Virginia Area Office Information (www.rurdev.usda.gov/va/do- list.htm)
Virginia State Office Information (Rural Utility-Community Facility Programs)
(www.rurdev.usda.gov/va/so- list.htm)
The Water and Waste Loan and Grant Programs
(http://www.usda.gov/rus/water/programs.htm#TOP) site describes water loans
and grants, technical assistance and training grants, emergency community water
assistance grants and more.
Virginia Rural Development Home Page
(http://www.rurdev.usda.gov/va/index.html)
•

Virginia Water and Waste Programs
(http://www.rurdev.usda.gov/va/wtrwaste.htm) offers loans with terms
up to 40 years and interest rates based on community income levels are
available. Grants are made to help the most financially needy
communities to reduce their rates.

•

Virginia Technical Assistance and Training Grants
(http://www.rurdev.usda.gov/va/othrprog.htm) help identify and
evaluate solutions to water problems and to improve operation and
maintenance of existing water facilities in rural areas.

•

Water 2000 Initiative -- Wythe County's Graham Forge Water Line
Extension (http://www.rurdev.usda.gov/va/specinit.htm).

United States Department of Commerce (USDC) houses the Economic Development
Administration (EDA) (http://www.doc.gov/eda/). The EDA generates new jobs, helps
retain existing jobs, and stimulates industrial and commercial growth in economically
distressed areas. Address: U.S. Department of Commerce, 14th & Constitution Avenue,
Room 7800B, Washington, DC 20230. Phone: (202) 482-5081.
Public Works and Development Facilities Program
(http://www.doc.gov/eda/html/pwprog.htm) provides grants for water facilities
primarily serving industry and commerce. Projects must be located within an
EDA-designated Redevelopment Area.

United States Department of Housing and Urban Development (HUD) strives to
provide a decent, safe, and sanitary home and suitable living environment for every
American. Address: 451 7th Street SW, Washington DC 20410.

Virginia State Office (http://www.hud.gov/local/ric/): The 3600 Centre, 3600 West Broad
Street, Richmond, VA 23230-4920. Phone: (804) 278-4500 or 1-800-842-2610. TTY:
(804) 278-4501. Fax: (804) 278-4603. (http://www.hud.gov/local/ric/ricdrect.html).
The Community Development Block Grant (CDBG)
(http://www.hud.gov/progdesc/cdbg-st.html) awards funds for smaller
communities and rural areas to improve community facilities and services. States
receive CDBG funds as an annual block grant and distribute funds to eligible
local governments. The Virginia Department of Housing and Community
Development administers the funds in Virginia.
The Loan Guarantee Program (http://www.hud.gov/progdesc/cdbg108.html) enables state and local governments participating in the CDBG
program to obtain federally guaranteed loans that can help fuel large
economic development projects and other revitalization activities.

United States Environmental Protection Agency (EPA) protects human health and
safeguards the natural environment — air, water, and land — upon which life depends.
•

Capacity Development (www.epa.gov/OGWDW/capdev.htm) is a State effort
to help drinking water systems improve their finances, management,
infrastructure, and operations.

•

Drinking Water State Revolving Fund (DWSRF)
(http://www.epa.gov/ogwdw/dwsrf.html) makes funds available to drinking
water systems to finance infrastructure improvements and for set aside
monies.
Contacts:
US EPA Region III: Cathy McCaffrey/VirginiaThompson, Office of
Municipal Assistance (3WP22), USEPA Region III, 1650 Arch Street,
Philadelphia, PA 19103-2029. Phone: (215) 814-5783/ 814-5755. Fax:
(215) 814-2318. Email: mccaffrey.catherine@epamail.epa.gov,
thompson.virginia@epamail.epa.gov
Virginia—Lead Agency—Program: Thomas Gray, P. E. Virginia
Department of Health, Division of Water Supply Engineering, 1500 East
Main Street, Room 109, Richmond, VA 23219. Phone: (804) 786-1087.
Fax: (804) 786-5567. Your Email inquiries may be addressed to Theresa
Hewlett at: thewlett@vdh.state.va.us
Virginia – Financial: Charles Massie, Virginia Resources Authority, PO
Box 1417, Richmond, VA 23218. Phone: (804) 644-3106. Fax: (804)
644-3109. Email: massie@aol.com

•

EPA Grants Page
(http://epainotes1.rtpnc.epa.gov:7777/DC/OSECWeb.nsf/1bccaabd42331e0b8
5256491006c308c?OpenView)
Examples of Information:

Environme nt/Energy: Competitive Grants
(http://www.epa.gov/regional/federal/compgrants.htm)
Environmental Financing Program Publications
(www.epa.gov/efinpage/efppub.htm)
EPA Grant Writing Tutorial
(http://www.epa.gov/seahome/grants/src/grant.htm)
EPA Grants Information Page
(http://www.epa.gov/ogd/grants.htm)
Guidebook of Financial Tools
(http://www.epa.gov/efinpage/guidbk98/index.htm)

United States Small Business Administration (SBA) (http://www.sba.gov/) is an
independent agency that provides financial, technical, and management assistance to help
small businesses start, grow, and prosper.
Richmond Office (http://www.sba.gov/regions/states/va/): Delivers SBA programs and
services to 92 counties in Virginia. Address: Federal Building, Suite 1150, 400 North 8th
Street, P. O. Box 10126, Richmond, VA 23240-0126. Phone: (804) 771-2400. Fax:
(804) 771-2764. TDD: (804) 771-8078.
Virginia Staff Directory (http://www.sba.gov/regions/states/va/staffdir.html).
Loan Programs (http://www.sba.gov/financing/synopses.html)
Virginia Certified (CLP), Preferred (PLP) and SBA Express Lenders
(http://www.sba.gov/regions/states/va/vaplpclp.html)
Virginia Intermediary Lenders & Technical Assistance Providers
(http://www.sba.gov/regions/states/va/vamicro.html)
Virginia Government
Virginia Department of Business Assistance (DBA) (http://www.dba.state.va.us/) devotes
itself to the growth and success of existing business and industry. Street Address: 707 E.
Main Street, Suite 300, Richmond, VA 23219. Mail Address: PO Box 446, Richmond,
VA 23218-0446. Phone: (804) 371-8200. Fax: (804) 371-8111. For personnel
knowledgeable about water issues, go to
(http://www.dba.state.va.us/EIDmore.htm#personnel) and browse “Expertise.”

The DBA has four major divisions : (http://www.dba.state.va.us/Divisions.htm)
• Existing Industry and Business Services (Expansion and Retention)
• Workforce Services (Training and Retraining)
• Financial Services (Loans and Financial Assistance)
• Small Business Services (Counseling and Guidance)
Click here (http://www.dba.state.va.us/FSDMore.htm) to learn about Industrial
Development Bonds (IDBs) and the Umbrella IDB Program, Loan Guarantee
Program (and participating banks), and Virginia Capital Access Program (and
participating banks).

Virginia Department of Health (VDH) protects the health of consumers of drinking
water provided by public drinking water systems.
•

The VDH serves as the lead agency in administering federal funds from the
EPA’s Drinking Water State Revolving Fund (DWSRF) Program. VDH
allocates dollars annually for either set-aside (non-construction) purposes or
for construction. Public participation is solicited in the spring of the year to
assist in determining how the allocation may be made. Most money is for
construction, but up to 31% of that year’s federal funds may be set aside for
various uses, such as, Source Water Protection, Operator Certification,
Capacity Development, State Programs, Administrative Programs, and Small
Water Systems. Publicly and privately own Community type water systems
are eligible for these funds (excluding federal water systems). For-profit,
Non-Community type water systems cannot receive funding fo r construction
but can participate in the VDH’s free training programs that are sponsored by
the set-aside monies.
To learn more about the DWSRF Program, contact your VDH Field Office
(http://www.vdh.state.va.us/owp/offices.htm); to find the Field Office that
serves your city or county, go to(www.vdh.state.va.us/owp/counties.htm).
Statewide Contact: Thomas Gray, P. E., Virginia Departme nt of Health,
Division of Water Supply Engineering, 1500 East Main Street, Room 109,
Richmond, VA 23219. Phone: (804) 786-1087. Fax: (804) 786-5567. Your
Email inquires may be addressed to Theresa Hewlett at:
thewlett@vdh.state.va.us

Virginia Department of Housing and Community Development
(http://www.state.va.us/dhcd/) provides technical and financial assistance and regulatory
oversight to improve the quality of communities in Virginia. Helps develop and
construct water systems in communities without such infrastructures. Address: 501 North
Second Street, Richmond, VA 23219. Phone: (804) 371-7075. Fax: (804) 371-7093.

•

Virginia Appalachian Regional Commission (ARC)
(http://www.state.va.us/dhcd/arc.html) uses federal funds to provide assistance
to 21 counties and five independent cities in southwest Virginia. Local
participation in the ARC program is delegated through the local Planning
District Commission. Can download forms and applicable instructions for
ARC Construction and Non-construction Grant Proposals. Program contact:
Greg Brittingham. Phone: (804) 371-7030. Email:
gbrittingham@dhcd.state.va.us

•

Virginia Community Development Block Grant (CDBG)
(http://www.state.va.us/dhcd/cdbg.html) administers federal funds for new or
improved water systems in rural areas (towns < 50,000, counties < 200,000).
Can download forms and application instructions for Planning Grant and
Community Improvement Grant Proposals. Program Contact: Todd
Christensen. Phone: (804) 371-7186. Email: tchristensen@dhcd.state.va.us
Self- Help Virginia (http://www.state.va.us/dhcd/Selfhelp.html) operates
within Virginia’s Community Development Block Grant Program.
Provides up to $350,000 in CDBG assistance. The goal is to tap
neighborhood talent, labor, and creativity to reduce costs. Local
volunteers can act as project managers, lay water lines, operate leased
excavation equipment, and other activities. Program Contact: Winfred
Brown. Phone: (804) 371-7076. Email: wbrown@dhcd.state.va.us

•

Virginia Resource Access System (http://www.cns.state.va.us/dhcd/vras.html)
displays a searchable catalog of State of Virginia Financial and Technical
Assistance programs and services.
Examples:
Self- Help Virginia
(http://165.176.32.11/Dhcd/VRASDetail.CFM?VRAS1__INDEX=589)
Virginia Appalachian Regional Commission Program
(http://165.176.32.11/Dhcd/VRASDetail.CFM?VRAS1__INDEX=9)
Virginia Resources Authority Bond Program
(http://165.176.32.11/Dhcd/VRASDetail.CFM?VRAS1__INDEX=179)
Virginia Water Supply Revolving Fund
(http://165.176.32.11/Dhcd/VRASDetail.CFM?VRAS1__INDEX=388)

Virginia Resources Authority (VRA) (website under construction) promotes economic
growth and a healthy environment by providing local governments with financial

alternatives for their environmental infrastructure projects. Address: PO Box 1300,
Richmond VA 23218. Phone: (804) 644-3100.
•

VRA Bond Programs are available for localities requiring financing for water
projects. They are backed by the moral obligation of the Commonwealth of
Virginia. They have flexible terms to suit the borrower, including application
and closing dates, maturities, and the ability to combine water and sewer
projects in one financing.

•

VRA Revolving Loan Funds include financing for drinking water projects.
The money is administered jointly by the VRA and VDH. Contact: Charles
Massie, Director of Revolving Loan Funds, Virginia Resources Authority,
Suite 707, 909 E. Main Street, P.O. Box 1417, Richmond, VA 23218, Phone:
(804) 644-3106. Fax: (804) 644-3109. Email: massie@aol.com

Virginia State Corporation Commission (SCC) (http://dit1.state.va.us/scc/index.htm)
is a branch of government with legislative, administrative, and judicial powers. Its
authority ranges from setting rates charged by large investor-owned utilities to serving as
the central filing agency for corporations in Virginia.
The Division of Energy Regulation
(http://dit1.state.va.us/scc/division/pue/index.htm) regulates Virginia’s investorowed water utilities. Its goal is to ensure that Virginia consumers receive high
quality utility services at the lowest possible cost. It reviews rate applications
filed by investor-owned utilities and member-owned cooperatives and prepares
testimony for rate cases before the Commission. Address: Tyler Building (4th
Floor), 1300 E. Main Street, PO Box 1197, Richmond, VA 23218. Phone: 1-800552-7945 or (804) 371-9611. TDD (telecommunications device for the deaf and
hard of hearing): (804) 371-9206.
Energy Laws (http://leg1.state.va.us/000/cod/code116.htm#100887) and
Regulations (http://leg1.state.va.us/000/reg/TOC20005.HTM)

Non-Government Organizations
America’s Business Funding Directory
(http://www.businessfinance.com/csintro.asp) provides up to date information on
obtaining capital, gaining support, finding government programs, getting expert help, and
more. A search engine matches businesses in search of capital with funding sources that
have capital to place. See Small Business Friendly lending banks and Preferred and
Certified Lenders in Virginia under “Get Loan Help.”

National Drinking Water Clearinghouse
(http://www.estd.wvu.edu/ndwc/NDWC_newsletters.html) publishes Water Sense, which
is aimed at helping small communities learn about different ways to finance their
drinking water projects. This quarterly newsletter offers information about funding
sources and funding criteria, financing resources, regulations, cost-saving strategies, and
innovative financing mechanisms. (Requires Adobe Acrobat Reader to access the PDF
version.) For more information, contact P.O. Box 6064, West Virginia University,
Morgantown, WV 26506-6064. Phone: (304) 293-4191or 1-800 624-8301. Fax: (304)
293-3161.

Small Business Taxes & Management
(http://www.smbiz.com/) offers guidance for small and medium sized businesses. The
site is updated daily. Examples of past news articles:
• Before You Destroy Those Records
• Disaster Losses
• Hiring Employees
• News on the Tax Front
• Payroll Bank Accounts
• Tips When Negotiating a Loan
Southeast Rural Community Assistance Project
(SER-CAP) (http://www.sercap.org/ ) offers loans and grants and helps with business
plans for small water systems. Provides required forms and assistance in completing
applications. Address: 145 Campbell Avenue, SW, Suite 800, PO Box 2868, Roanoke,
VA 24001-2868. Phone: (540) 345-1184. Fax: (540) 342-2932.
Contact:
Beth Pusha, Loans (bpusha@sercap.org)
Linda Sims, Business Plans (lsims@sercap.org)
Elaine Stinson, Grants (mstinson@sercap.org)

Virginia Rural Water Association
(VRWA) (http://www.nrwa.org/vrwa/) provides managerial assistance primarily to
publicly owned rural and small water systems in the Commonwealth of Virginia.
Address: 2138 Sycamore Avenue, Buena Vista, VA 24416. Phone: (540) 261-7178.
Fax: (540) 261-2465.

3.3 Water Treatment Technologies
The water quality analysis, coupled with the site survey will direct the designer toward
selecting possible water treatment options. Components of a traditional water treatment
plant include coagulation/flocculation and sedimentation, sand filtration, and disinfection
processes. The coagulation/flocculation and sedimentation processes use chemical
additives to settle the colloidal particles and remove turbidity. The filtration process
further removes suspended particles, along with removing microorganisms. The
disinfection kills biological pathogens. A small water treatment plant usually cannot
justify coagulation/flocculation and sedimentation because of the cost involved.
Disinfection and filtration are used in most cases, however the filtration process in a
small water system is usually different than that of traditional water treatment plants.
The Water Supply and Water Resources Division (WSWRD) of the EPA National Risk
Management Research Laboratory has been actively demonstrating and evaluating
alternative and innovative drinking water treatment technologies for small systems. The
WSWRD has focused on the smallest of these systems in the 25 to 500 population range.
Of particular concern has been the minimal use of chemicals, low residual waste
production, ease of operation, reliability, and operational cost. Research is being
conducted both in the field and in-house at the EPA Test & Evaluation Facility located in
Cincinnati, Ohio. Technologies that have been investigated include (Cotruv et al. 1999):
Membranes, bag filtration, catridge filtration, slow sand filtration, ozone/ultraviolet light
disinfection, mixed oxidant disinfection, and electrotechnolgy disinfection.
A detailed discussion of technologies for small water systems applicable to this project is
documented in a National Research Council Report (NRC 1996). The report discusses
affordable water treatment technologies for small systems, and financing and
management of small water systems to ensure their sustainability. For the purposes of this
project some of the applicable water treatment processes and technologies are described
below.
3.3.1

Filtration

Filtration is needed for many reasons. It can remove turbidity and microorganisms, and
possibly dissolved ions. The filter is one of the main lines of defense in preserving the
public health because it removes possibly pathoge nic microbes such as Giardia and
Cryptosporidium cysts that may not be killed by chlorine disinfection. In most cases,
mine cavity discharge will be surface water influenced and therefore filtration is a
necessity. There are many types of filters that are considered suitable for removing
contaminants found in mine cavity water.
Traditional water treatment plants use rapid sand filters, which are ideal for high volume
treatment. However, to remove all the suspended particles and to prevent clogging,
coagulation/flocculation and sedimentation should be accomplished before using a rapid
sand filter. For low volume systems, membrane filtration is a very attractive option.
Membrane filtration uses tightly meshed synthetic fibers that have pore openings as sma ll

as 0.1 microns to 0.00001 microns. These filters can remove suspended particles,
bacteria, viruses, cysts, and even dissolved ions depending on how much treatment is
needed and what the municipality is willing to spend. The smaller the pore size, the
higher the operating cost for the system. There are numerous companies that produce
relatively inexpensive package plants that can be readily installed. Figure 1 shows
information on several membrane filters and the typical standards for contaminant
removal at different levels of filtration.
Using a slow sand filter is another option that is effective on water with high organic
matter content. The slow sand filter develops a biological layer on its surface that
removes organic matter, bacteria, cysts, viruses, and suspended material but there should
to be enough organic material in the water to grow a biofilm layer on the filter. It is one
of the most efficient filters at removing taste and odor problems. The benefits are
efficient removal of organics using very little energy, but the low volume filters require
maintenance and more land than a membrane system.

Figure 1. Membrane Filtration Spectrum (Gach et al. 1999)
Activated carbon filters consist of small granules of carbon that have been specially
heated to form a medium that absorbs many different contaminants. Activated carbon
can best absorb organic compounds, either natural or synthetic. Natural organic
compounds can present taste and odor problems, whereas synthetic organics can be toxic.
Activated carbon has a limit to its adsorptive capacity, but it can be regenerated and
reused. If the organic content of the water is too high, then a slow sand filter may be the
best option. In most cases, an activated carbon filter is used in conjunction with some
other form of filtration, because it does not remove turbidity or biological contamination.
The water quality analysis will determine what sort of system is most appropriate. If there
is turbidity fluctuation in the raw water, a membrane filter will clog easily and a prefilter

will be required to remove excess turbidity. The magnitude of the organic content in the
water will dictate the use of a slow sand filter or specialized membrane filters. In most
cases, however, the
filtration will be performed by a membrane filter. Membrane filtration has become the
standard for small water systems. There are many types of membrane filters:
microfilters, ultrafilters, nanofilters, and reverse osmosis, depending on the size of the
pore in the filter. Various membrane technologies are compared in Table 1.
Table 1. Comparison of Membrane Technologies (Cartwright 1999)
Feature
Suspended
Solids Removal
Dissolved
Organics
Removal
Dissolved
Inorganic
Removal
Micro-Organism
Removal

Osmotic Pressure
Effects
Concentration
Capabilities

Microfiltration
Yes

Yes

Yes

Reverse
Osmosis
Yes

None

Yes

Yes

Yes

None

None

20-85%
rejection

Protozoan
cysts
algae, bacteria

Ultrafiltration

Protozoan cysts,
algae, bacteria
Viruses?

Nanofiltration

95-99%
rejection

All*

All*

None

Slight

Moderate

High

High

High

Moderate

Moderate

Permeate Purity

High

High

Energy Usage

Low

Low

ModerateHigh
Low-Moderate

Moderate

Moderate

Moderate

Membrane
High
High
Stability
Operating Cost
0.50-1.00
0.50-1.00
($/1000 gallons)
* Under certain conditions, bacteria will grow.

0.75-1.00

High

1.00

3.3.2 Ion Removal
A major problem with mine cavity water is the build up of dissolved solids in the water
due to various chemical reactions within the mine. Many membrane filters will remove
some of the ions, but depending on the concentration of ions, it may be too costly to
remove all of the ions with filtration. Therefore, it may be useful to have an additional
ion removal system to complement the filtration. There are several types of ion removal

systems; some remove specific ions, some remove divalent ions, and others remove all
ions. The two most popular systems are ion exchange, and greensand filters.
The greensand filter specifically removes iron and manganese from water. It is called a
filter, but it is essentially a reaction chamber. The vessel is filled with crushed greensand,
a naturally occurring mineral that catalyzes the precipitation of iron and manganese. As
water passes over the greensand, the iron and manganese ions convert to the insoluble
form and attach to the greensand particles. After some time the greensand is completely
covered with iron and manganese, in which case the reactor is merely emptied and filled
with fresh greensand. Many waters in the coalfield counties of Virginia have high iron
and manganese content due to the geology, which makes this type of filter attractive. In
addition, a greensand filter is a relatively inexpensive and proven technology, however, it
can only be used to remove iron and manganese. The greensand can be regenerated with
potassium permanganate.
Ion exchange is a method of removing unwanted ions and replacing them with harmless
ions. This system is much more versatile and can remove wide ranges of ions depending
on the medium used. Ion exchange works by having a synthetic medium that is saturated
with a certain ion, and as the water flows through the unit the ions in the water replace
the ions on the medium, removing them from the water. For example, if sodium ions
[Na+] are to be removed from solution, then an acid medium that is saturated with
hydrogen ions [H+] will be used. As the water passes through the filter medium, the
sodium ions attach to the medium, releasing the hydrogen ions into the water. There are
problems associated with this method. In the example given here, as hydrogen io n is
released into the water, it will increase the acidity of the water and lower the pH value. If
the pH is lowered too much, then there is a need for a second process to raise the pH to a
neutral level. Hydrogen ion is not always the ion present in the media, but whenever the
ion exchange process is used, it releases some hydrogen ion into the water that could
possibly create new problems.
3.3.3 Disinfection
Typically chlorine is used for disinfection. Recently, ultraviolet light and ozone
disinfection have become common as more information becomes available about the
growth of chlorine resistant pathogens and the formation of trihalomethane in water.
Microorganisms such as Giardia and Cryptosporidium have the ability to form cysts,
which are extremely resistant to chlorine disinfection. These cysts can be mostly removed
by filtration but there are reported incidences where they have passed through filtration
and infected large numbers of people. Chlorine and organic matter react in water to form
the undesirable trihalomethane, which is considered carcinogenic. Therefore, many water
treatment plant designers increasingly use ultraviolet light or ozone to disinfect water,
which are more capable of killing cysts should they pass through the filtration process. In
addition, non-chlorine disinfection is less likely to cause the production of trihalomethane
(Wallace 1988). Also, with a membrane filtration process, it is difficult for a cyst to pass
through the filter due to the uniform size of the membrane. In any case, since residual
chlorine is required in the tap water, unless water analysis determines that Giardia or

Cryptosporidium cysts are a problem or the water is extremely high in organics, chlorine
should be used as the disinfection method.

3.4 Telemetry for Small Water Systems
Using telemetry in conjunction with operating a small water system appears to be a
method that can assure adequate and safe water supply and significantly reduce operating
costs. Some basic telemetry concepts are described below.
Telemetry is a remote operation scheme that links several storage tanks and water
treatment systems to a central operation unit. Using telemetry, the operator would have
the ability to monitor several operating parameters in “real time” and thereby prioritize
and significantly reduce site visits. It will enable the operator to give immediate attention
to the components of the system that may need immediate attention and schedule the
maintenance in such a way that will increase operator efficiency. Telemetry may include
remote monitoring of the operation and/or automatic chemical control (Schlenger et al.,
1996).
By using a telemetry system, instruments at remote sites are continuously monitored by
Remote Transmitting Units (RTUs). Each RTU has normal operating and alarm condition
parameters that can be defined by the operator for each site or station. The RTU detects
when an assigned limit for a parameter is exceeded and sends a signal to the central
station through a selected communication link (telephone or radiometry). The message
then appears on the terminal screen and may be sent to a printer. By using the voice
modem option the system can generate calls to alert personnel at other locations. Because
the system is designed to alarm on exception (for example, when a parameter such as
water pressure varies from the assigned value) the operator can be available for other
activities. The operator can poll a site from his/her office for information, and has the
option to set up multiple polling schedules for data collection. The central station contacts
all RTU sites according to the operator’s schedule and transfers the RTU’s accumulated
data for reports and graphs and for future use.
Several levels of remote monitoring and control are possible (NRC 1996). A basic
monitoring system may include a simple auto-telephone dialer to alert the remote
operator of such problems as power outages, pressure drops, unauthorized building
intrusions, high pump levels (possible flooding), or any other process that can be
monitored by a simple on/off alarm. If an alarm goes on, the operator is required to visit
the affected site and determine the exact cause and nature of the alarm. A higher level
monitoring system would include an integrated approach that ties together the operation
of the system and the alarms. In this system, the operator can access the status of
operation in a remote location by a computer modem when the alarm goes on. The
highest level, referred to as Supervisory Control and Automatic Data Acquisition
(SCADA), involves one (or more) master locations in constant communication with a
number of remote unattended locations. The master operator can constantly monitor each
remote system, adjusting operations at the master supervisory control console, or
dispatching personnel to the remote location as needed.

4. Case Study – Dickenson County
4.1 Location of the Study Site
The study site is located in Dickenson County, near the borders of Russell and Buchanan
counties about two miles from Duty, a small community that lacks a public water supply
(Figure 2). The mine cavity water source is a large underground mine (Moss # 3) that
lays underneath about 12 square miles area of the three counties. On top of the
underground mine is a surface mine called the Screaming Eagle Mine. Figure 2 also
shows the location of a site where the USGS conducted a detailed study of geochemistry
of a nearby aquifer (Powell and Larson 1985).
The discharge portal (an 18 inch corrugated steel pipe) is located in the Tiller Fork
watershed and drains into Indian Creek (Russell Fork watershed). The portal drains only
a small part of the mine called the D section. The portal can be seen along a finger ridge
about 15 feet above the mining access road that intersects State Route 601 (Figure 3). The
watershed is a property of Clinchfield Coal Company, a subsidiary of the Pittston Coal
Company. According to mining personnel and local citizens, water has been flowing
from the mine portal close to thirty years and many local citizens have used the water for
a variety of purposes, particularly during droughts.

Figure 2. The Location of Mine Cavity Water Study Area

Figure 3. Water discharge from the portal and adjacent cracks

4.2 Census Study and Water Demand
In late 1998, the research team conducted a housing census of the nearby community.
The census found that there are 120 houses, two churches and one school in the area that
could benefit from mine cavity water. Based on an assumed number of 3.5 people per
household the estimated population to be served are about 500 people. This is a
conservative estimate that takes into consideration possible future growth since the
existing average number of people per household in the area is 2.71. Based on the
Virginia Department of Health requirement of 100 gallons per day per person per
household, the total water demand for the community was estimated as 50,000 gallons
per day.
4.3 Hydrogeology of the Study Site
The research team conducted a study of the geology and hydrology of the area. The
objective of the geology/hydrology study was to determine if the mine could produce
sustainable water to meet the long-term demands of the community. Details of the
findings are documented in a graduate thesis (Anderson 1999). A summary of the
findings is given below.
4.3.1 Geology of Study Site
Mining maps indicate that more than 50% of coal reserves in the Tiller seam were
removed using the “room and pillar method” resulting in a cavity in the coal seam where
water is being stored. The coal seam from which water is discharged is approximately 12
feet thick. Most of the roof is probably caved in, creating a tumbled, high porosity zone
instead of a smooth floored underground passage. The seam is set at a steady 5%
downward slope, which is well documented by mining maps. It was estimated that the
slope has created a free surface saturated zone with approximately 11,000- m3 storage
volume around the portal. This underground storage basin is the primary source of the
water discharged from the portal. The recharge area of the portal is approximately 230
acres. The layers above the aquifer include several auger mined coal seams, as well as
several surface mines over the recharge area of the coal seam. The rest of the strata
above the coal seam consist of sandstone and shale with relatively low hydraulic
conductivity. Because of the massive surface mining activities, much of the slopes and
elevations of the recharge area are not known. The native soils have all been replaced
with mine spoil adequate for vegetation with an estimated average infiltration capacity of
0.072 ft/day. All of the layers present at the site have an excess of neutralization capacity
and thus tend to increase the pH of the rainwater that is exposed to it.
4.3.2 Hydrology of Study Site
The spring recession analysis, which utilized methods commonly performed upon
aquifers displaying karst features, revealed that flow within the aquifer is dominated by
flow from diffuse fissures within the strata (Anderson 1999). While this water makes up
approximately 95% of the flow from the portal, approximately 5% of the water flow

comes directly from conduits within the aquifer and can be assumed to be surface
influenced. A definite lag time of 9 days was established between significant rainfall
events and influence upon flow.
The recession analysis predicted a large storage of water in pores and fissures of the
strata above the mined seam, as well as a conduit volume in excess of 50,000 m3 . The
estimate of the portion of the flow considered diffuse (or baseflow) was used to estimate
discharge after long periods of little rainfall and a sustainable value of 6 L/s was
calculated. Also supplied by the recession analysis was an estimate of the discharge
supplied by one inch of rainfall upon the recharge area. This information was used along
with historic rainfall data to estimate a sustainable flow of 2.85 L/s, which equates to
65,000 gallons per day. This baseflow estimate exceeds the water demand requirement of
50,000 gallons per day discussed earlier.

4.4 Water Testing of Moss # 3 Discharge
The objectives of water testing were to answer the following questions:
1. Is the water suitable as a potential water source that could be developed
economically?
2. What are treatment needs and options if the source is going to be developed for
drinking water supplies?
Several approaches were taken to obtain answers to the above questions. These included
field measurements for primary water quality indicators (pH, conductivity, dissolved
oxygen and water temperature); water sampling and analyses for all EPA regulated
contaminants (drinking water standards); water sampling and analyses for viruses and
pathogenic protozoa; and additional water sampling and analyses for Calcium (Ca),
Magnesium (Mg), Sodium (Na), Iron (Fe), pH, conductivity and total dissolved solids
(TDS).
4.4.1

Water Sampling and Analyses

The research team contracted the Spectrum Laboratories (Coeburn, Virginia) to conduct
field measurement for primary water quality indicators (pH, conductivity, dissolved
oxygen and water temperature). These measurements were conducted on a monthly basis
for a period of 10 months (August 8, 1997 – October 1, 1998). These data are
documented in Appendix 1A of this report.
The research team conducted the first water sampling for the EPA regulated contaminants
on December 8, 1997. Based on an observation of analysis a second sampling was
conducted on March 26, 1998. The research team contracted with the Olver Laboratories,
Inc. (Blacksburg, Virginia) to perform the analyses. These data are documented in
Appendix 1B of this report.
The research team sampled the water for viruses and pathogenic protozoa
(Cryptosporidium and Giardia) on December 7, 1998. Analyses for viruses and
pathoge nic protozoa were performed by the Wisconsin State Laboratory of Hygiene
(Madison, Wisconsin). The lab report is documented in Appendix 1C of this report.
The research team conducted additional water sampling for analysis of Calcium (Ca),
Magnesium (Mg), Sodium (Na), Iron (Fe), pH, conductivity and total dissolved solids
(TDS) for a period of nine months (August 1, 1998 – April 17, 1999). A total of 47
samples were collected on a bi-weekly basis and after major rainfall events. These
samples were analyzed at the Virginia Tech Soil Testing Laboratory of the Crop and Soil
Environmental Sciences Department for Ca, Mg, Na, Fe and at the Water Quality
Laboratory of the Biological Systems Engineering Department at Virginia Tech for pH,
conductivity, and TDS. The se data are documented in Appendix 1D of this report.
4.4.2. Water Analyses Results

The complete data set for water quality tests are documented in Appendix 1A, 1B, 1C,
and 1D. The results for these analyses are described below.
4.4.2.1. Field Measure ments
Results for the primary field measurements (pH, conductivity, dissolved oxygen, and
water temperature are documented in Appendix 1A. The field measured pH range was
7.05 – 8.12 for the 10- month period. These values are consistent with the laboratory pH
measurements (Appendix 1D) and indicate the none-acid drainage characteristics of the
water source. The field measured conductivity range was 1000 – 1468 (µmhos/cm) for
the 10-month period. This is consistent with the laboratory conductivity measurements
(Appendix 1D). Based on Virginia Department of Health requirements for TDS analysis,
samples collected after October 1, 1998 (35 samples) were analyzed in the laboratory for
both TDS and conductivity and a correlation was established between the two
parameters. Results are plotted in Figure 4.
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4.4.2.2 Water Analyses for EPA Regulated Contaminants
Results for a comprehensive testing (EPA regulated contaminants and other constituents)
of mine cavity discharge are shown in Table 2. The testing results are compared to the
EPA’s Maximum Contaminants Levels (MCL) and Maximum Contaminant Level Goals
(MCLGs). Table 2 also gives Maximum Detection Level (MDL) for many parameters.
Analyses results reported in Table 2 indicate a relatively excellent water quality for the
Moss # 3 discharge. All parameters except for Sodium, Sulfate, TDS, and total coliform
were within the EPA’s drinking water standard requirements. These contaminants (except
for total coliform) do not pose a major health threat under normal conditions. High
sodium levels in potable water can be a concern for people with high blood pressure and
heart disease. Sulfate can act as a laxative for those not accustomed with drinking water
with high sulfate content. Total Dissolved Solids is a cumulative measure of all dissolved
ions in water and often a result of high Ca and Mg concentrations. High TDS content is a
nuisance that may cause scaling in pipes, staining bathroom fixtures, and reducing soap
lathering.

Table 2 – Results for Comprehensive testing of Mine Cavity Water (Moss # 3)
Parameter
METALS
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Selenium
Silver
Sodium
Thallium
Zinc
INORGANICS

MCL mg/L MCLG mg/L 12/8/97
[0.05-0.2]
0.006
0.05
2
0.004
0.005
-0.1
1.3
[0.3]
0.015

-0.006
-2
0.004
0.005
-0.1
1.3
-zero

[0.05]
0.002
being
remanded
0.05
[0.1]
20
0.002
[5.0]

-0.002
being
remanded
0.05
-0.0005

MDL 3/26/98

MDL

ND
ND

0.03
0.003

ND
139

0.006
1

ND

0.005

0.006
ND
0.026
0.001
ND
72.2
ND
ND
ND
0.001
44.2
0.003
ND
ND

0.003
0.003
0.002
0.0002
0.0001
0.08
0.001
0.009
0.007
0.001
0.24
0.003
0.0002
0.001

ND

0.002

ND

0.001

Alkalinity
Asbestos
Chloride
Residual Disinfectant
Color
Conductivity
Corrosivity
Cyanide
Fluoride
Foaming Agents
Nitrate (as N)
Nitrite (as N)
Nitrate/Nitrite (as N)
Odor
PH
o-Phosphate
Silica
Solids (TDS)
Sulfate
Temperature
MICROBIOLOGICAL
S
Turbidity
Coliform

E. Coli

Fecal Coliform

Giardia Lamblia
Heterotrophic
Bacteria or Residual
Disinfectant
Legionella
Viruses
VOLATILES
Trihalomethanes
(Total)

-7 MF/L>10
um
[250]
detectable
[15cu]
-[noncorrosive]
0.2
4.0[2.0]
[0.5]
10
1
10
[3 ton]
6.5 - 8.5
--[500]
deferred
[250]
--

Treatment
+/-5%
positivesam
ples/mo
no positive
repeat
sample
no positive
repeat
sample
Treatment
Treatment

Treatment
Treatment
0.1

-7 MF/L>10
um
--- not applicable
--varies

0.2
--10
1
10
-[6.5 8.5]
---deferred

ND
0.3
0.4
ND

259
ND
5

10
0.18
MF/L
1

ND

1

12.9

N/A

ND

0.05

ND

ND

790

2.5

0.005
0.1
0.2
0.01

419

100

-0.18
zero 300/100

0.05
2/100

--

80/100 2/100

zero

zero

zero
--

ND

2/100

ND

2/100

10

1

zero
zero
ND 5.00E-03

(Total)
Benzene
Carbon tetrachloride
Chlorobenzene
m-Dichlorobenzene
p-Dichlorobenzene

0.005
0.005
0.1

zero
zero
0.1

0.075
[0.005]
0.6

0.075

o-Dichlorobenzene
1,2-dichloroethane
1,2-Dichloroethylene
0.005
1,1-Dichloroethylene
0.007
c-1,20.07
Dichloroethylene
t-1,20.1
Dichloroethylene
Dichloromethane
0.005
1,2-Dichloropropane
0.005
Ethyl benzene
0.7
Monochlorobenzene
Styrene
0.1
Tetrachloroethylene
0.005
Toluene
1
1,2,40.07
Trichlorobenzene
1,1,1-Trichloroethane
0.2
1,1,2-Trichloroethane
0.005
Trichloroethylene
0.005
Vinyl chloride
0.002
Xylenes (Total)
10
PESTICIDES
Alachlor
0.002
Aldicarb
Postponed
Aldicarb Sulfoxide
Postponed
Aldicarb Sulfone
Postponed
Atrazine
0.003
Carbofuran
0.04
Chlordane
0.002
2,4-D
0.07
Dalapon
0.2
1,2 Dibromo 3 Chloropropane
Dinoseb
Diquat
Endothall

0.007
0.02
0.1

0.6
zero
0.007
0.07
0.1
zero
zero
0.7

ND 5.00E-04
ND 5.00E-04
ND 5.00E-04
ND 5.00E-04
ND 5.00E-04
ND 5.00E-04
ND 5.00E-04
ND 5.00E-04
ND 5.00E-04

0.1
zero
1
0.07

ND
ND
ND
ND
ND
ND
ND
ND

5.00E-04
5.00E-04
5.00E-04
5.00E-04
5.00E-04
5.00E-04
5.00E-04
5.00E-04

0.2
0.003
zero
zero
10

ND
ND
ND
ND
ND

5.00E-04
5.00E-04
5.00E-04
5.00E-04
5.00E-04

zero
Postponed
Postponed
Postponed
0.003
0.04
zero
0.07
0.2

ND 1.00E-03
ND 3.00E-03
ND 2.00E-03
ND 2.00E-03
ND 1.00E-03
ND 4.00E-03
ND 5.00E-04
ND 1.90E-03
ND 1.90E-03
ND 5.00E-04

0.007
0.02
0.1

ND 9.40E-04
ND 1.00E-02
ND 2.00E-02

Endrin
0.002
Ethylene Dibromide
Glyphosate
0.7
Heptachlor
0.0004
Heptachlor epoxide
0.0002
Lindane
0.0002
Methoxychlor
0.04
Oxamyl (vydate)
0.2
Pentachlorophenol
0.001
Picloram
0.5
Simazine
0.004
Toxaphene
0.003
2,4,5-TP (Silvex)
0.05
OTHER SECONDARYORGANIC
CONTAMINANTS(SOC)
Hexachlorobenzen
0.001
Hexachlorocyclopent
0.05
adiene
Benzo(a)pyrene
0.0002
PCBs (as
0.0005
decachlorobiphenyl)
2,3,7,8-TCDD
3 x 10-8
(Dioxin)
Acrylamide
Treatment
Epichlorohydrin
Treatment
Di(20.4
ethylhexyl)adipate
Di(20.006
ethylhexyl)phthalate
RADIONUCLIDES
Adjusted Gross
15 pCi/L
Alpha
Beta Particle Emitters 4 mrem ede
per year
Gross Beta Activity
Gross Alpha Activity
Radioactive Cesium
-Radioactive Iodine
-Radioactive
-Strontium
Tritium
-gamma and photon
-emitters
Radium-226
20pCi/L

0.002
0.7
zero
zero
0.0002
0.04
0.2
zero
0.5
0.004
zero
0.05

ND 6.00E-05
ND 5.00E-04
ND 5.00E-02
ND
ND
ND
ND

3.00E-05
3.00E-05
2.00E-05
2.00E-04
ND 4.00E-03
ND 1.90E-04
ND 4.70E-04

ND 1.00E-03
ND 3.00E-03
ND 4.70E-04

zero
0.05

ND 1.00E-03
ND 1.00E-03

zero
zero

ND 2.00E-04
ND 5.00E-04

zero

ND 3.70E-06

zero
zero
0.4

ND 5.00E-02
ND 5.00E-02
ND 2.00E-03

zero

ND 2.00E-03

zero
zero
4.62
1.03

3.16
1.59

---

ND

0.477

zero

0.438

0.753

----

Radium-228
Total Radium
Radon-222
Uranium

20pCi/L

zero

300 pCi/L
0.02

zero
zero

1.9
0.2
ND
1.25

4.4.2.3 Analyses for Viruses and Pathogenic Protozoa
A special pump and sampling kits (filters) provided by the Wisconsin State Laboratory of
Hygiene were used to sample the mine discharge water. Samples were shipped by
overnight mail to the Wisconsin Laboratory for analyses.
Analytical results for the culturable enteric viruses, pathogenic protozoa
(Cryptosporidium and Giardia), coliform bacteria, and male-specific coliphages
conducted by the Wisconsin State Laboratory of Hygiene (for details see Appendix 1C)
are as follows:
Culturable enteric viruses MPN per 100 liters:
Pathogenic protozoa
Cryptosporidium
Giardia

<0.15 MPN/100 liters
<0.21 oocysts per 100 liters
<0.21 cysts per 100 liters

Other
Coliform bacteria
Male-specific coliphages

13.2 CFU/100 ml
<1 PFU/1000 ml

For enteric viruses, data are expressed as a most probable number (MPN). In the case that
no inoculated flasks exhibit evidence of virus infection, data are expressed as a detection
limit, with the minimum detectable concentration expressed as an MPN value per unit
volume (generally 100 liters). Results expressed as detection limit, such as those for coalseam discharge listed above, are not absolute evidence that infectious viruses are absent
from the source water; rather they indicate that the level of contamination by culturable
viruses is lower than the indicated value per unit volume. It is important to emphasize
that many viruses of clinical significance may not be culturable under the in vitro
conditions under any circumstances.
The results for Cryptosporidium and Giardia are expressed as absolute levels of cysts or
oocysts per unit volume (generally 100 liters). Again, detection limits are expressed as
‘less than’ values and indicate that the level of parasites is lower than the indicated value
per unit volume, such as those for mine cavity water, but is not an absolute evidence that
infectious parasites are absent from the source water.
Coliform bacteria and male-specific coliphages are not pathogenic to humans, however,
their presence in water serves as an indirect reference for the potential presence of
pathogenic bacteria and viruses. The current standard for drinking water in U.S. for
coliform bacterium is <1 coliform bacterium per 100 ml. No standards exist for male-

1.07
0.5
57
0.095

specific coliphages, however, those water samples which exhibit measurable levels of
these bacterial viruses in 1000 ml quantities are considered suspect and warrant further
testing.
4.2.2.4 Other Water Quality Considerations
The Moss #3 mine discharge does not exhibit any characteristics of acidic mine drainage
as discussed in section 3.2.2. The pH and TDS values are high, but metal concentration
in the water is insignificant. Using the collected data on various parameters, statistical
analyses were performed to determine trends over time and any relationships between
various parameters. Trends over time were analyzed first, because these can indicate
potential water quality variations in the future. Iron, sulfate, calcium, magnesium,
sodium, dissolved oxygen, total dissolved solids, pH, and conductivity were plotted
versus time. In addition, certain parameters were plotted together to determine any
definite relationships. These results are summarized in Table 3. It is evident from the R2
values that sodium, calcium, magnesium, iron, and sulfate display no definite trends over
time. However, pH, TDS, and conductivity show high R2 values, which may mean that
further tests should be performed over a longer period of time to determine if any
accurate trends can be established. Conductivity and TDS vs. pH have does not show a
definite relationship. Regression analysis yielded a high R2 Value for Conductivity versus
TDS (Figure 4 and Table 3). The TDS-Conductivity relationship can be used to estimate
TDS values if measured field conductivity values are available.

Table 3. Results for Statistical Analysis
Test Description
Conductivity vs.
Time
TDS vs. Time
Sulfate vs. Time
Calcium vs. Time
Sodium vs. Time
Magnesium vs.
Time
pH vs. Time
Iron vs. Time
Dissolved Oxygen
vs. Time
Conductivity vs.
TDS
Conductivity vs.pH
TDS vs. pH

R2 Value
0.5958
0.4070
0.0035
0.2261
0.1988
0.0425
0.5650
0.2017
0.0755
0.8894
0.1122
0.1095

4.5 Water Treatment Options for Moss # 3 Discharge
Based on the water quality analysis, water treatment options can be developed to remove
most contaminants in the water. However, it will be a matter of cost and the consumer
demand as to what degree the water is remediated. For example, sodium is extremely
difficult to remove, and it can only be removed via a strong acid ion exchange process or
reverse osmosis. The strong acid ion exchange will add acidity to the water, requiring
neutralization. In addition the ion exchange media will need to be regenerated with large
volumes of strong acid, which will cause increases in operation and maintenance costs.
The reverse osmosis process will require significant amounts of energy to filter out the
salt, which will increase operational costs. The community can decide not to remove the
salt, which is not a primary pollutant, and tolerate elevated salt levels in the water supply.
The Moss #3 discharge will require prefiltration, filtration, and disinfection. The
prefiltration will act as a preventative measure for occasional turbidity spikes, which will
prevent membrane filter fouling. The membrane filter can be one of three options:
ultrafiltration, nanofiltration, or reverse osmosis. All three will fulfill the filtration
requirement for removal of bacteria, cysts and viruses, but the cost and community
preference of the level of dissolved solids removal will determine which process is
selected. Ultrafiltration has the largest pore size of the three options. It is designed to
remove suspended solids and macromolecules. Some particles smaller than the pore size
of the filter including small amounts of sodium, sulfate and dissolved solids will be
removed, however, the amount of removal will be less significant and variable over time.
Nanofiltration, with its smaller pore size, is more effective than ultrafiltration and will
remove between 50% and 95% of the larger sulfate molecules, up to 10% of the smaller
sodium molecules, and a great portion of other dissolved solids. Reverse osmosis has the
smallest pore size of the options and it will remove up to 95% of all dissolved
constituents in the water including sodium. The nanofiltration and reverse osmosis
processes are much more expensive to operate and maintain, due to increased energy
demands and frequent cleaning, but the treated water will be much higher in quality.
Chlorine disinfection is the least expensive as well as the most effective. Toxic
disinfection byproducts, such as trihalomethanes, will not form due to the low level of
organics in the source water. The membrane filtration will remove any chlorine resistant
pathogens, as well. Therefore, there is no reason to choose an alternative disinfectant.
4.6 Estimated Costs for Water Treatment Options
The mine cavity water quality data and design capacity of 50,000 gallons per day were
given to two packaged water treatment manufacturers that use different filtration
processes and requested to provide information on water treatment systems and costs.
Cost information for a third system was obtained from an existing water treatment plant.
Cost estimates for the three plants are compared in Table 4. Cost estimate for
Manufacturer No. 3 includes all applicable costs such as chemical, electrical, personnel,
and operation and Management (O & M) costs.

Table 4. Comparison of Membrane Systems for three Manufacturers
Initial
Manufacturer Cost

Monthly
O&M
Costs

Filtration
Process

Flow
(GPD)

Backwash
Method

Recovery
(%)

Hollow Fiber
Ultrafiltration
Reverse
Osmosis
Spiral Wound
Ultrafiltration

50,000

Hourly

99.9

50,000

Continuous 75

72,000

Continuous NA

1

$175,000

$150

2

$65,000

NA

3

$465,000 $2,750

The information provided by the manufacturers in response to the request for information
is described below. If a parameter for a treatment system is not listed or not discussed, it
means the manufacturer did not supply the information. The information provided here
can be used as a preliminary source to make a selection of a particular treatment plant
type. It should be mentioned that there are numerous manufacturers of treatment plants
that should be explored to get the best treatment available. Some characteristics of the
three systems described in this report are discussed below.
Manufacturer No. 1
The system uses a hollow fiber ultrafiltration system. The system is expensive, but has
numerous benefits for use with mine cavity water. Below are some of the system’s
properties:
1 - 100% removal of bacteria, including Giardia and Cryptosporidium
2 - Low pressure system reduces operating costs and wears on filter membrane
3 - Up to 60% reduction of total organic carbon
4 - Can handle turbidity spikes up to 400 NTU and sustained spikes up to 90 NTU
5 - Chlorine resistance up to 200 ppm
6 - tolerant of pH fluctuations between 1.5 and 13
7 - Can remove iron and manganese with addition of ozone unit
8 - 99.9% recovery of feed water
The system appears to be extremely resilient to environmental changes of source water
quality, both long- and short-term. This characteristic of the system is extremely
beneficial, because sudden changes may occur in mine cavity water quality. It is
important to have a high percent recovery, which is the amount of water that can be used
after filtration. For example, a system with a percent recovery of 95% will produce 9,500
gallons of potable water for every 10,000 gallons pumped through the system, whereas a
system with 70 percent recovery will only produce 7,000 gallons for every 10,000
gallons. A 95 % recovery will increase the number people that can be served from a
given water source. Especially with mine cavity water, the source water will be a limited
supply, so the water must be used as efficiently as possib le, and secondly the higher
efficiency will reduce costs for treatment of the wasted water. The operation and

management cost includes electricity, cleaning and module replacement costs. The Initial
Estimated Cost only includes the unit cost.
Manufacturer No. 2
The system uses the reverse osmosis filtration. Below are some of the properties of the
system:
1 - High pressure system for removing high TDS
2 - Chlorine resistance up to 0.1 ppm
3 - Maximum feedwater turbidity of 1.0 NTU
4 - Tolerant of pH fluctuations between 3 and 10
5 - 75% recovery of feed water
6 - Minimum salt rejection of 99.2%
Literature shows that reverse osmosis systems typically remove greater than 6 log of
bacteria, Giardia, and Cryptosporidium, and remove greater than 4 log of viruses, due to
the small pore size of the membrane (Cheremisinioff 1995). The main benefit of this
system is the high salt removal, which cannot be achieved with an ultrafiltration method.
The reverse osmosis membrane is far less resilient to water quality changes than the
hollow fiber membrane, however with proper pretreatment, water quality fluctuations can
be taken care of without fouling the membrane. The reverse osmosis system appears to
provide sufficient treatment at lower cost, but by sacrificing resistance of the membrane
to water quality changes.
Manufacturer No. 3
As stated earlier, information for the spiral wound ultrafiltration was obtained from an
existing operation. The cost information includes the actual construction of the ent ire
facility, including lab, building, additional distribution pipe, filter system, and other
construction costs. The operation and maintenance cost is the actual cost to run the
facility, which includes labor, cleaning, etc.
The water treatment plant receives its water from an underground spring, which it first
passes through a greensand filter to remove the iron, manganese, and turbidity. The
effluent from the greensand filter flows through the additional prefilters to remove
turbidity particles greater than five microns. After the prefilter, the water flows through
the ultrafiltration unit and is chlorinated after it leaves the membrane filter. It is a lowpressure system that is continuously backwashed to prevent clogging. The wasted
concentrate is discharged into a stream under a Department of Environmental Quality
Permit.
Because the water demand for the small community requires the system to run only for
six to eight hours a day, the system is shut on and off numerous times. It is during initial
startup and shutdown of the system that clogging of the filter or contamination of the
water can occur. Secondly, the filter is designed such that it should be cleaned in place

with a citric acid solution. However, at present, the use of the acid solution has not been
approved. Therefore, the filter is shipped to a cleaning facility approximately every six
months. In addition, the system can handle high turbidity spikes relatively well but not
for long periods of time. Overall, however, it appears that the system produces high
quality and inexpensive water.

5. Recommendations for Future Activities
The goal of this project was to develop guidelines for developing mine cavity water as a
drinking water supply. A case study site (Moss # 3 mine) in Dickenson County, Virginia
was selected in order to study the institutional issues and water treatment options.
To develop mine cavity water throughout the coalfield counties the following issues need
to be addressed:
1. Documentation and mapping of mine cavity water resources in coalfield counties.
2. Expanded water analysis for various sites to determine overall water quality and
cost-effectiveness of water treatment techniques.
3.

Forming a task force which include members from the mining industry, Virginia
Department of Health, potential water systems owner (for example, Public
Service Authority), Planning Districts, and the Virginia Department of Mining
and Minerals and Energy to address item 1 above, and develop guidelines for
water rights, liability and permit issues that could be approved by the Virginia
General Assembly.

For the case study site, hydrologic analysis indicated that the source water is sustainable
and adequate to meet the demand of the nearby community. Water analyses show that the
Moss#3 discharge is of good quality and suitable for development as a drinking water
source.
The following actions are recommended for the case study site in order to meet the
requirements of the Virginia Department of Health and to qualify for loans and grants to
develop the water source:
1. Continue the water source sampling and analysis as outlined in Section 3.2.3.2 of
this report.
2. Prior to additional samp ling, seal the discharge portal as outlined in Section
3.2.36 of this report.
3. Perform a cost-benefit analysis to compare developing the mine cavity water to
extending the existing public water line in the county.
4. Do further research on the availability and cost of water treatment packages that
would be suitable for treating the mine cavity water. Several manufacturers of
water treatment packages produce a portable pilot plant that can be used to test
removal efficiencies for the particular contaminants of interest. Arrangements
should be made with manufacturers to perform pilot studies on mine cavity water.

6.
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APPENDIX 1A

Field Measurements
Spectrum Laboratories

Appendix 1 A - Results for Field Measurements (Spectrum Laboratories)
Parameter
Date of
Test

DO
(mg/1)

Conductivi
ty

pH

(umhos/c
m)
10/1/98
8/27/98
7/22/98
6/19/98
5/21/981
4/13/98
3/6/98
2/3/98
11/27/97
8/8/97

9.45
9.30
9.21
9.55
9.28
9.17
9.74
8.60
10.10
NA

1403 8.12
1405 8.06
1239 7.63
1366 7.05
1468 7.87
1090 8.05
1157 7.80
1058 8.09
1239 7.83
10001 7.901

Water

Flow

Temperature
(C)

(gpm
)

14.4
16
14.7
14
14
13.7
13.4
12.1
13
NA

283
507
633
1065
1384
1550
1251
461
3001
NA

P.O. BOX 1578, COEBURN, VIRGINIA 24230-1578
CERTIFICATE OF ANALYSIS
For :

Virginia Water Resources Research Center
10 Sandy Hall (0444)
Blacksburg, Va 24061
Phone: (540)-231-5624

Invoice # : E-6181

Location : Moss #1 Mine Discharge
Sample ID : VWRRCMM1
Lab # : 43126

Parameter

Sample Date: 08/27/98
Sample Time: 13:40
Sampled By: REF

Analyst

Water Temperature (°C)

Concentration

Date Tested

Method

REF

16

REF

507'

pH (units)

REF

8.06

08/27/98

EPA 150.1

Conductivity ( pmhoslcm)

REF

1405

08/27/98

EPA 120.1

Dissolved Oxygen (mg/L)

REF

9.3

08/27/98

EPA 360.1

'Flow (gpm)

08/27/98
08/27/98

'Flow determined is an average of three pipe flow measurements. Please find attached the calculation spreadsheet
for these measurements. Additionally please find attached a confirmation analysis performed downstream in the
channel at 6" increments.
Flow meter:

Global Water
Model FP 101

R. Craig Lott
Environmental Laboratory Supervisor
Date: August 28, 1998

PHONE (540) 395-5189 • (540) 395-5958
FAX (540) 395-5339

P.O. BOX 1578, COEBURN, VIRGINIA 24230-1578

CERTIFICATE OF ANALYSIS
For : Virginia Water Resources Research Center
10 Sandy Hall (0444)
Blacksburg, Va 24061
Phone: (540)-231-5624
Location : Moss #1 Mine Discharge
Sample ID: VWRCCMM1
Lab # : 41581

Parameter

Invoice # : E-6141

Sample Date: 07122/98
Sample Time: 10:21
Sampled By: ESP

Analyst

Concentration

Date Tested

Method

Water Temperature (°C)

ESP

14.7

07/22/98

*Flow (gpm)

ESP

633*

07/22/98

pH (units )

ESP

7.63

07/22/98

EPA 150.1

Conductivity ( pmhos/cm)

ESP

1239

07/22/98

EPA 120.1

Dissolved Oxygen (mg/L)

ESP

9.21

07/22/98

EPA 360.1

*Flow determined is an average of three pipe flow measurements. Please find attached the calculation spreadsheet for
these measurements. Additionally please find attached a confirmation analysis performed downstream in the channel
at 6" increments.
Flow meter:

Global Water Model
FP 101

R. Craig Lott
Environmental Laboratory Supervisor
Date: July 22, 1998
PHONE (540) 395-5189 • (540) 395-5958
FAX (540) 395-6740

P.O. BOX 1578, COEBURN, VIRGINIA 24230-1578

CERTIFICATE OF ANALYSIS

For :

Virginia Water Resources Research Center
10 Sandy Hall (0444)
Blacksburg, Va 24061
Phone: (540)-231-5624
Location : Moss #1 Mine Discharge
Sample ID: VWRCC- MM
Lab # : 40300

Parameter

Invoice # : E-6097

Sample Date: 06/19/98
Sample Time: 09:05
Sampled By : GFA

Analyst

Concentration

Date Tested

Method

Water Temperature (°C)

GFA

14

06/19/98

*Flow (gpm)

GFA

1065*

06/19/98

pH (units )

GFA

7.05

06/19/98

EPA 150.1

Conductivity ( pmhos/cm)

GFA

1366

06/19/98

EPA 120.1

Dissolved Oxygen (mg/L)

GFA

9.55

06/19/98

EPA 360.1

'Flow determined is an average of three pipe flow measurements. Please find attached the calculation spreadsheet
for these measurements. Additionally please find attached a confirmation analysis performed downstream in the
channel at 6" increments.
Flow meter:

Global Water
Model FP 101

R. Craig Lott
Environmental Laboratory Supervisor
Date: June 19, 1998

PHONE (540) 395-5189 • (540) 395-5958
FAX (540) 395-6740

P.O. BOX 1578, COEBURN, VIRGINIA 24230-1578

CERTIFICATE OF ANALYSIS

For :
Phone:
Location :
Sample ID:
Lab # :

Virginia Water Resources Research Center
10 Sandy Hall (0444)
Blacksburg, Va 24061
(540)-231-5624
Moss #1 Mine Discharge
VWRCC-MM
38906

Parameter

Invoice # : E-6048

Sample Date: 05/21/98
Sample Time: 10:30
Sampled By: ESP

Analyst

Concentration

Date Tested

Method

Water Temperature (°C)

ESP

14

05/21/98

*Flow (gpm)

ESP

1384*

05/21/98

pH (units )

ESP

7.87

05/21/98

EPA 150.1

Conductivity ( pmhos/cm)

ESP

1468

05/21/98

EPA 120.1

Dissolved Oxygen (mg/L)

ESP

9.28

05/21/98

EPA 360.1

*Flow determined is an average of three pipe flow measurements. Please find attached the calculation
spreadsheet for these measurements. Additionally please find attached a confirmation analysis performed
downstream in the channel at 6" increments.
Flow meter:

Global Water
Model FP 101

R. Craig Lott
Environmental Laboratory Supervisor
Date: May 21, 1998

r

PHONE (540) 395-5189 • (540) 395-5958
FAX (540) 395-6740

P.O. BOX 1578, COEBURN, VIRGINIA 24230-1578

CERTIFICATE OF ANALYSIS
For :

Virginia Water Resources Research Center
10 Sandy Hall (0444)
Blacksburg, Va 24061
Phone: (540)-231-5624
Location : Moss #1 Mine Discharge
Sample ID: VWRCC- MM
Lab # : 37019

Parameter

Invoice # : E-6003

Sample Date: 04/13/98
Sample Time : 10:10
Sampled By: ESP

Analyst

Concentration

Date Tested

Method

Water Temperature (°C)

ESP

13.7

04/13/98

*Flow (gpm)

ESP

1550*

04/13/98

pH (units )

ESP

8.05

04/13/98

EPA 150.1

Conductivity ( pmhos/cm)

ESP

1090

04/13/98

EPA 120.1

Dissolved Oxygen (mg/L)

ESP

9.17

04/13/98

EPA 360.1

Flow determined is an average of two pipe flow measurements. Please find attached the calculation spreadsheets for
these measurements. Additionally please find attached a confirmation analysis performed downstream in the channel at
6" increments.

Flow meter:

Global Water
Model FP 101

R. Craig Lott
QA/QC Supervisor
Date: April 14, 1998

Phone (540) 395-5189 . (540) 395-5958
FAX (540) 395-6740

P.O. BOX 1578, COEBURN, VIRGINIA 24230-1578

CERTIFICATE OF ANALYSIS

For : Virginia Water Resources Research Center
10 Sandy Hall (0444)
Blacksburg, Va 24061
Phone:
(540)-231-5624
Location : Moss #1 Mine Discharge
Sample ID: VWRCC- MM
Lab # : 35636

Parameter

Invoice # :

E-5959

Sample Date : 03/06/98
Sample Time: 09:35
Sampled By: ESP

Analyst

Concentration

Date Tested

Water Temperature (°C)

ESP

13.4

03/06/98

*Flow (gpm)

ESP

1251

03/06/98

pH (units )

ESP

7.80

03/06/98

EPA 150.1

Conductivity ( pmhos/cm)

ESP

1157

03/06/98

EPA 120.1

Dissolved Oxygen (mg/L)

ESP

9.74

03/06/98

EPA 360.1

'Flow meter:

Global Water
Model FP 101

R. Craig Lot
QA/QC Supervisor
Date: March 12, 1998

PHONE (540) 395-5189 • (540) 395-5958
FAX (540) 395-6740

Method

P.O. BOX 1578, COEBURN, VIRGINIA 24230-1578
CERTIFICATE OF ANALYSIS

For : Virginia Water Resources Research Center
10 Sandy Hall (0444)
Blacksburg, Va 24061
Phone: (540)-231-5624
Location : Moss #1 Mine Discharge
Sample ID: VWRCC-MM
Lab # : 33707

Parameter
Water Temperature (°C)

Invoice # : E-5917

Sample Date : 02/03/98
Sample Time: 09:45
Sampled By: ESP

Analyst

Concentration

Date Tested

ESP

12.1

02/03/98

36

02/03/98

Air Temperature (°C)

Method

*Flow (gpm)

ESP

461

02/03/98

pH (units )

ESP

8.09

02/03/98

EPA 150.1

Conductivity ( pmhos/cm)

ESP

1058

02/03/98

EPA 120.1

Dissolved Oxygen (mg/L)

ESP

8.6

02/03/98

EPA 360.1

Date: February 3, 1998

PHONE (540) 395-5189 • (540) 395-5958
FAX (540) 395-5339

P.O. BOX 1578, COEBURN, VIRGINIA 24230-1578

CERTIFICATE OF ANALYSIS
For : DMLR
P.O Drawer 000
Big Stone Gap, Virginia 24219

Invoice # : E-5826

Sample Date : 11/21/97
Sample Time: 11:23
Sampled By: ESP

Sample ID: Duty Mine Discharge
Lab # : 30244
Comment :

Groundwater basoline data
Parameter

Analyst
ESP

Concentration
13

Date Tested
11/21/97

Flow (GPM)

ESP

300

11/21/97

pH ( units )

ESP

7.83

11/21/97

EPA 160.1

Conductivity ( pmhoslcm)

ESP

1239

11/21/97

EPA 1201

Acidity (mg/l )

GFA

<5,6

12/02/87

EPA 305,1

Alkalinity ( mg/l)

GFA

352

12/02/97

EPA 3101

Chloride ( mg/I)

JTC

10

11/20/97

EPA 325.1

Sulfate (mgll)

JTC

323

12/08/97

EPA 375 4

Total Dissolved Solids ( ingll)

CSR

916

11/26/97

EPA 160.1

Total Suspended Solids ( my/I)

CSR

<1

11/26/97

EPA 160.2

T o t e / lroit ( mg/I)

LAT

0,015

12/11/97

EPA 200.7

Total Mai:ganese ( mg/1)

LAT

<0.024

12/11/97

EPA 200.7

Dissolved Oxygen

ESP

10.1

11/21/97

EPA 360.1

Total Aluminum

LAT

<0,060

12/11/07

EPA 200.7

Copper

LAT

<0.027

12/11/97

EPA 200.7

Nickel

LAT

<0.048

12/11/97

EPA 200.7

Flardnoss

LAT

308

12/22/97

SM 23408

Temperature ?C

Date : January 20, 1998

PHONE (540) 395-5189 • (540) 395-5958

Method

Appendix 1B
Comprehensive Water Analyses
Olver Laboratories

Consulting Engineers . Environmental Laboratories
1116 South Main Street
Blacksburg, Virginia 24060

Client Sheet No.:

9712072 (Revised)

Job No.:

Date:

January 23, 1998

Client:

Virginia Tech Water Resources Res earch Center

Source:

Blacksburg, Virginia

Shipping Information:

Delivered to Olver Laboratories Incorporated by Client Personnel

Sample No.:

101138

Time Collected:

12:00 pm

Date Collected:

12/08/97

Description:

Dickenson County

Date Received:

32046
12/08/97

Drinking Wa ter
Date/Time Analyzed
Analysis
Fluoride (SM 4500F,C)

Result
0.3 mg/L

MDL
0.1 mg/L

Nitrate as N (SM 4500 NO,,N)
Nitrite as N (SM4500N0 2,B)

0.4 mg/L
0.2 mg/L

0.2 mg/L
0.01 mg/L

Sulfate (SM 4500SO42',E)
Turbidity (SM 2130B)
Coliform Analysis
Most Probable Number:
Total Coliform (SM 9221A,B)
Fecal Coliform (SM 9221E)
Total Cyanide (SM 4500 CN,E)

ND
419 mg/L
0.18 NTU

100 mg/L*
0.05 NTU

12/15/97; 11:00
a.m.
12/10/97; 2:00 p.m.
12/09/97; 12:45
p.m.
12/11/97; 8:00 a.m.
12/11/97; 3:00 p.m.

300/100 mL
ND
ND

2/100 mL
2/100 mL
0.005 mg/L

12108/97; 4:50 p.m.
12/08/97; 4:50 p.m.
12/12/97; 8:00 a.m.

Analyst
Initials
BCW
BCW
ACC
BCW
BCW
SMS
SMS
BCW

MDL = Minimum Detection Limit
ND = Not Detectable
* Sample required dilution; MDL was raised accordingly.
All tests according to Standard Methods for the Examination of Water and Wastewater, 18th Edition, Test Methods
for Evaluating Solid Waste (Physical/Chemical), 2nd and 3rd Editions, and Methods for the Chemical Analysis of
Water and Wastes, EPA.

By

Brit Ritchney
Laboratory Manager

Unless otherwise indicated, this report sets forth the results of our analysis of samples delivered to our laboratory and shall not be construed to be a
representation by Olver Incorporated as to the source or method of procuring such samples. All reports are submitted as the confidential property of
clients and authorization for publication of any statements contained in our reports is reserved pending our written approval.

Blacksburg, VA (540) 552-6974

OLVER
LABORATORIES
Client Sheet No.
Page
Client
Date

9712072 (Revised)
Two
Virginia Tech Water Resources Research Center
January 23, 1998

Sample No.:
Time Collected:
Date Collected:

101138
12:00 p.m.
12/08/97

Description:

Dickenson County
Drinking Water

Date/Time
Analysis
Total Antimony (SM 3113)
Total Arsenic (SM 3113
Total Barium (SM 3120)
Total Beryllium (SM 3113)
Total Cadmium (SM 3113)
Total Calcium (SM 3120)
Total Chromium (SM 3113)
Total Copper (SM 3113)
Total Iron (SM 3120)
Total Lead (SM 3113)
Total Magnesium (SM 3120B)
Total Manganese (SM 3113)
Total Mercury (SM 3112)
Total Nickel (SM 3113)
Total Selenium (SM 3113)
Total Thallium (SM 3113)
Pesticides (EPA 508):
Endrin
Chlordane
Heptachlor
Heptachlor Epoxide
Lindane
Methoxychlor
Toxaphene
Total PCBs (EPA 508)

Result
0.006 mg/L
ND
0.026 mg/L
0.0010 mg/L
ND
72.2 mg/L
ND
ND
ND
0.001 mg/L
44.2 mg/L
0.003 mg/L
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

MDL
0.003 mg/L
0.003 mg/L
0.002 mg/L
0.0002 mg/L
0.0001 mg/L
0.08* mg/L
0.001 mg/L
0.009 mg/L
0.007 mg/L
0.001 mg/L
0.24 mg/L*
0.003 mg/L
0.0002 mg/L
0.001 mg/L
0.002 mg/L
0.001 mg/L
0.060
0.50
0.030
0.030
0.020
0.20
3.0
0.50

µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L

Analyst

Analyzed
12/12/97; 1:00 p.m.
12/10/97; 8:30 a.m.
12/09/97; 9:30 a.m.
12/12/97; 11:00 a.m.
12/09/97; 2:00 p.m.
12/10/97; 11:30 a.m.
12/11/97; 10:00 a.m.
12/09/97; 1:00 p.m.
12/12/97; 11:00 a.m.
12/09/97; 5:30 p.m.
12110/97; 8:30 a.m.
12/12/97; 11:00 a.m.
12/10/97; 8:00 p.m.
12/09/97; 10:00 a.m.
12/09/97; 12:00 p.m.
12/17/97; 7:30 a.m.
12/16/97; 9:30 a.m.

Intitals
AMT
AMT
AMT
AMT
AMT
AMT
AMT
AMT
AMT
JSL/AMT
AMT
AMT
AMT
AMT
AMT
AMT
RSW/JSL

12/16/97; 9:30 a.m.

RSW/JSL

* Sample required dilution; MDL was raised accordingly.
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Page
Client
Date

9712072 (Revised)
Three
Virginia Tech Water Resources Research Center
January 23, 1998

Sample No.:

101138

Time Collected:

12:00 p.m. LABORATORIES

Date Collected:

12/08/97

Description:

Dickenson County
Drinking Water
Date/Time

Analysis

Result

MDL

Volatile Organic Compounds (EPA 502.2):
Benzene
Carbon Tetrachloride
1,2-Dibromo-3-chloropropane

ND

1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene

ND

1,2-Dichlormethane
cis-1,2-Dichloroethylene

ND

trans- 1,2-Dichloroethene
Dichlormethane
1,2-Dichloropropane

ND

Ethylbenzene
Ethylene dibromide

ND

Monochlorobenzene
Styrene
Tetrachloroethylene
Toluene
1,2,4-Trichlorobenzene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichlorethylene
Vinyl Chloride
Xylenes
Semivolatile Organic Compounds (EPA 525.1):
Alachlor ND
Atrazine
Benzo(a)pyrene
Di(2-ethylhexyl)adipate
Di(2-ethylhexyl)phthalate
Hexachlorobenzene
Hexachlorocyclopentadiene
Simazine

0.5
0.5
0.5

µg/L

0.5
0.5
0.5

µg/L

0.5
0.5

µg/L

0.5
0.5
0.5

µg/L

0.5
0.5

µg/L
µg/L

ND
ND
ND
ND
ND
ND
ND
ND

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

ND
ND
ND
ND
ND
ND
ND
ND

1
1
0.2
2
2
1
1
1

µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

Analyzed

Analyst

12/21/97; 7:05 p.m.

Intitals
SPB

12/16/97; 9:30 a.m.

RSW/JSL

µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L

Consulting Engineers . Environmental Laboratories
1116 South Main Street Blacksburg, Virginia 24060

Client Sheet No.:

9803290

Job No.:32046

Date:

April 28, 1998

Date Received:

Client:

Virginia Tech Water Resources Research Center

Source:

Blacksburg, Virginia

Shipping Information:

Delivered to Olver Laboratories Incorporated by Client Personnel

Sample No.:

103191

Time Collected:

10:15 a.m. - 10:30 a.m.

Date Collected:

3/26/98

Description:

Dickenson County
Drinking Water

3/26/98

Date/Time
Analysis
pH (laboratory) (EPA 150.1)
Alkalinity (SM2320B)
Asbestos (EPA 600)
Chloride (SM 4500Cl,B)
Color (EPA 110.2), pH 7.90
Corrosion Index
Hardness (SM 2340C)
Odor (EPA 140.1)
Total Dissolved Solids (SM 2540C)
Surfactants (MBAS) (SM 5540C)
Coliform Analysis
Most Probable Number:
Total Coliform (SM 9221B,C)
Fecal Coliform (SM 9221E,C)
Heterotrophic Plate Count (SM 9215 B)

Result
7.90
259 mg/L
ND
5 mg/L
ND
12.9
374 mg/L
ND
790 mg/L
ND
80/100
ND
10

mL
CFU/mL

MDL
N/A
10
0.18
1
1
1
N/A
2.5
0.05
2/100
2/100
1

Analyst

mg/L
mg/L

Analyzed
3/27/98; 8:00 a.m.
3/30/98; 2:30 p.m.
4/01/98; N.A.
4/06/98; 3:00 p.m.
3/27/98; 8:30 a.m.
N/A
4/03/98; 11:00 a.m.
3/27/98; 10:30 a.m.
3/31/98; 8:30 a.m.
3/27/98; 1:00 p.m.

Intitals
BCW
BCW
SC
ACC
BCW
N/A
BCW
DF
CA
BR

mL
mL
CFU/mL

3/26/98; 4:00 p.m.
3/26/98; 4:00 p.m.
3/26/98; 4:00 p.m.

HH/XYUSMS/SM
HH/XYUSMS/SM
XYL

mg/L
MF/L
mg/L
Color Unit
N/A
mg/L

MDL = Minimum Detection Limit
N/A = Not Applicable
ND = Not Detectable
N.A. = Not Available
All tests according to Standard Methods for the Examination of Water and Wastewater, 18th Edition, Test Methods for Evaluating
Solid Waste (Physical/Chemical), 2nd and 3rd Editions, and Methods for the Chemical Analysis of Water and Wastes, EPA.

By

Brit Ritchney
Laboratory Manager

Unless otherwise indicated, this report sets forth the results of our analysis of samples delivered to our laboratory and shall not be construed to be a
representation by Olver Incorporated as to the source or method of procuring such samples. All reports are submitted as the confidential property of
clients and authorization for publication of any statements contained in our reports is reserved pending our written approval.

Blacksburg, VA (540) 552-6974

OLVER
LABORATORIES
Client Sheet No.

9803290

Page

Two

Client

Virginia Tech Water Resources Research Center

Date

April 28, 1998

Sample No.:
Time Collected:

103191
10:15 a.m. - 10:30 a.m.

Date Collected:

3/26/98

Description:

Dickenson County
Drinking Water

Date/Time
Analysis

Total Aluminum (SM 3120)
Total Antimony (SM 3113)
Total Silver (SM 3120)
Total Sodium (SM 3120)
Total Zinc (SM 3120)
Radioactivity:
Total Radium
Radium 226
Radium 228
Gross Beta Activity
Gross Alpha Activity
Tritium
Uranium
Radon
Dioxin (EPA 1613)
Pesticides:
Diquat (EPA 549)
Endothall (EPA 548.1)
Glyphosate (EPA 547)
Oxamyl (EPA 531.1)
Carbofuran (EPA 531.1)
Aldicarb (EPA 531.1)
Aldicarb suifone (EPA 531.1)
Aldicarb sulfoxide (EPA 531.1)
Herbicides (EPA 515.1):
2.4-D
2,4,5-TP (Silvex)
Dalapon
Dinoseb
Picloram
Pentachlorophenol

Result

ND
ND
ND
139
ND
0.200
0.438
1.90
4.62
1.03
ND
1.25
ND
ND

mg/L
± 0.300 pCi/L
± 0.535 pCi/L
± 0.607 pCi/L
± 1.98 pCi/L
±1.07 pCi/L
± 0.039 pg/L

MDL

Analyst

Analyzed

Intitals

0.03
0.003
0.006
1.0
0.005

mg/L
mg/L
mg/L
mg/L*
mg/L

4/01/98; 11:30 a.m.
4/01/98; 11:00 a.m.
3/31/98; 1:00 p.m.
3/30/98; 10:00 a.m.
3/26/98; 11:00 a.m.

AMT
AMT
AMT
AMT
AMT

0.500
0.753
1.07
3.16
1.59
0.477
0.095
57.0
3.7

pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
µg/L
pCi/L
pg/L

4/04/98; 1:06 a.m.
4/10/98; 2:55 p.m.
4/13/98; 9:35 a.m.
41G6/98-,11:49 p.m.
4/06/98; 11:49 p.m.
4/11/98; 5:21 p.m.
4/10/98; 7:54 a.m.
4/02/98:12:15 a.m.
4/10/98; N.A.

JTO
SMI
JTO
JMJ
JMJ
FDP
JMJ
HGA
KAS

ND
ND
ND
ND
ND
ND
ND
ND

10
20
50
4.0
4.0
3.0
2.0
2.0

µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L
µg/L

4/05/98:10:15 a.m.
4/06/98; 5:29 p.m.
4/02/98; 4:23 p.m.
4/06/98; 2:36 p.m.
4/06/98; 2:36 p.m.
4/06/98; 2:36 p.m.
4/06/98; 2:36 p.m.
4/06/98; 2:36 p.m.

MDM
SGM
MDM
MJK
MJK
MJK
MJK
MJK

ND
ND
ND
ND
ND
ND

1.9
0.47
1.9
0.94
0.47
0.19

µg/L
µg/L
µg/L
µg/L
µg/L
µg/L

4/03/98; 9:54 p.m.

LSN

'` Sample required dilution; MDL was raised accordingly.
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Three
Virginia Tech Water Resources Research Center
April 28, 1998

Sample No.:
Time Collected:
Date Collected:
Description:

103191
10:15 a.m. - 10:30 a.m.
3/26/98
Dickenson County
Drinking Water

Date/Time
Analysis

Result

Volatile Organic Compounds (EPA 524):
Epichlorohydrin**
Acrylamide**
Total Trihalomethanes

** Not

ND
ND
ND

MDL

50
50
5

Analyst

Analyzed

Intitals

4/07/98; 1:29 p.m.

SPB

µg/L
µg/L
µg/L

stable in aqueous solution; not detected as such, nor as potential hydrolysis product.

APPENDIX 1 C
Analysis for Viruses and Pathogenic Bacteria
Wisconsin State Laboratory of Hygiene

May 18, 1999

Dear Dr. Younos:
The following report describes the results of the water testing conducted by the Laboratory of
Hygiene on samples received from your facility, I have provided some accompanying text to
assist in interpreting the data. Please feel free to call if you have questions regarding the public
health significance of the results.

Culturable enteric viruses: cell culture method
Date of sample collection: 12/07/98
Sample location: Moss #3, D portal
Sampler: Ben Wright
Sample volume: 165.8 gallons (630 liters)
Culturable viruses MPNper 100 liters:

<0.15 MPh"/100 liters

Pathogenic protozoa: immunofluorescence method
Date of sample collection: 12/07/98
Sample location: Moss #3, D portal
Sampler: Ben Wright
Sample volume: 61,5 gallons (233.7 liters)

Cryptosporidium per 100 liters:
Giardia per 100 liters:

<0.21 oocysts per 100 liters
<0.21 cysts per 100 liters

Additional microbial water quality tests (provided as a courtesy):
Coliform bacteria: 13.2 CFU/100 mL
Male-specific coliphages: <1 PFU/1000 mL

Supplemental Comments/Interpretation:
The enteric virus method relies upon physical `capture' of virus particles from large volumes of
water onto positively charged, pleated cartridge filters. Captured viruses are eluted from the filter
matrix in the analytic laboratory and are concentrated according to the organic flocculation
method sanctioned by the USEPA. Sample concentrates are then inoculated into flasks
containing monolayers of chimpanzee-derived kidney cells and infected cultures are observed for
up to two weeks, followed by subculture to confirm positivity or negativity. Data are expressed
as a most probable number (MPN) based on. the relative numbers of negative and positive
culture flasks. In the case that no single flask exhibits evidence of virus infection, data are
expressed as a detection limit, with the minimum detectable concentration expressed as an MPN
value per unit volume (generally 100 liters). Results expressed as detection limits are not
absolute evidence that infectious viruses are absent from a source water; rather, they indicate that
the level of contamination by culturable viruses is lower than the indicated value per unit
volume. It is important to emphasize that many viruses of clinical significance may not be
culturable under in vitro conditions under any circumstance.
The test for enteric parasites follows the protocol suggested by the USEPA under the Information
Collection Rule. The method relies upon filtration of a large volume sample followed by
separation of the entrapped particles from the filter matrix in the analytic laboratory. Parasites are
subjected to discontinuous density centrifugation and are visualized under epifluorescence
microscopy, Putative parasites identified by characteristic fluorescence are confirmed under
phase contrast microscopy. The results are expressed as absolute levels of cysts or oocysts per
unit volume, (generally 100 liters). Again, detection limits are expressed as `less than' values and
indicate that the level of parasites is lower than the indicated value per unit volume.
As a professional courtesy, coliform and coliphage tests were performed on the water sample.
These micoorganisms are not pathogenic to humans, however, their very presence in water
serves as an indirect reference for the potential presence of pathogenic bacteria and viruses. The
current standard for drinking water in the United States is <1 coliform bacterium per 100 mL; no
standard exists for the male-specific coliphages, however, those water samples which exhibit
measurable levels of these bacterial viruses in 1000 mL quantities are considered suspect and
warrant further testing.

Appendix 1 D - Results for Laboratory Analysis ( Water Quality Laboratory and Soil
Testing Laboratory, Virginia Tech)
Date

pH

Ca (ppm)

Mg (ppm)

Na (ppm)

S (PPM)

Fe (ppm)

08/01/98
08/04/98
08/18/98
08/22/98
08/26/98
09/01/98
09/06/98
09/08/98
09/10/98
09/15/98
09/26/98
09/29/98
10/01/98
10/03/98
10/06/98
10/15/98
10/19/98
10/22/98
10/26/98
11/02/98
11/03198
11/11/98
11/17/98
11/28/98
12/09/98
12/11/98
12/11/98
12/17/98
01/10/99
01/13/99
01/16/99
01/19/99
01/22/99
01/26/99
01/31/99
02/10/99
02/11/99
02/21/99
02/26/99
03/02/99
03/07/99
03/14/99
03/25/99
03/27/99
04/03/99
04/11/99
04/17/99
Rainfall

8.1
8.2
7.9
8.0
7.9
7.9
8.0
8.0
8.1
8.0
7.9
7.8
7.80
7.83
7.85
8.08
7.79
7.88
7.83
7.89
7.80
7.93
7.95
7.96
7.88
7.79
7.77
7.83
7.88
7.74
7.75
7.77
7.76
7.75
7.80
7.79
7.65
7.75
7.70
7.64
8.00
7.80
7.81
7.67
7.63
7.56
7.64
6.56

77.49
80.86
85.06
86.58
88.60
83.47
91.08
90.29
90.22
89.06
88.37
88.37
95.63
91.90
93.77
89.80
88.15
87.67
84.86
82.75
83.69
81.82
79.01
79.00
82.30
86.50
85.57
89.56
95.06
102.10
101.40
94.14
84.16
94.38
108.50
85.92
82.92
72.30
69.38
67.56
75.49
77.34
68.35
60.61
61.98
67.46
64.40
1.964

41.76
44.06
47.24
48.44
49.33
50.13
50.50
50.43
50.43
50.26
49.21
49.50
57.37
56.45
56.90
56.12
56.14
56.20
56.26
55.48
55.99
55.43
56.03
56.16
59.00
60.39
60.22
62.91
64.86
68.49
68.18
63.76
55.24
60.84
66.73
54.26
53.12
47.82
46.62
46.91
48.75
48.42
42.61
41.44
39.78
40.56
39.56
0.5394

174.6
174.0
168.6
169.6
169.5
167.8
169.1
169.2
171.6
174.3
174.3
176.0
186.8
190.0
189.8
194.6
189.7
192.5
195.7
191.9
193.2
186.0
198.2
192.2
192.6
184.8
188.1
179.8
143.4
138.8
130.6
132.9
155.1
141.7
125.5
149.0
153.6
172.0
176.2
163.1
153.7
137.6
154.3
156.9
166.1
173.8
172.5
0.1347

115.4
124.9
132.0
134.4
135.9
136.3
144.1
141.4
142.6
138.1
136.4
141.6
156.6
151.4
155.3
161.1
158.8
154.7
161.5
159.3
159.0
153.7
160.1
165.5
165.5
168.6
165.7
178.3
187.4
195.5
191.5
177.5
165.7
177.3
192.2
162.6
154.1
145.3
145.1
150.9
149.5
142.0
128.4
129.7
123.7
128.8
122.5
1.98

0.0365
0.0280
0.0309
0.0365
0.0280
0.0365
0.0309
0.0309
0.0309
0.0337
0.0365
0.0309
0.0188
0.0171
0.0137
0.0171
0.0171
0.0137
0.0171
0.0137
0.1710
0.0154
0.2740
0.0120
0.0188
0.0154
0.0171
0.0205
0.0280
0.0280
0.0299
0.0262
0.0206
0.0262
0.0318
0.0224
0.0187
0.0206
0.0224
0.0206
0.0243
0.0168
0.0168
0.0168
0.0187
0.0187
0.0150
<.005~

Appendix 1 D - (continued)
Date
08/01/98
08/04/98
08/18/98
08/22/98
08/26/98
09/01/98
09/06/98
09/08/98
09/10/98
09/15/98
09/26/98
09/29/98
10/01/98
10/03/98
1 C/06/98
10/15/98
10/19/98
10/22/98
10/26/98
11/02/98
11/03/98
11/11/98
11/17/98
11/28/98
12/09/98
12/11/98
12/11/1998k
12/17/98
01/10/99
01/13/99
01/16/99
01/19/99
01/22/99
01/26/99
01/31/99
02/10/99
02/11/99
02/21/99
02/2699
03/ 2/99
03/07/99
03/14/99
03/25/99
03/27/99
04/03/99
04/11/99
04/17/99

pH
8.10
8.20
7.90
8.00
7.90
7.90
8.00
8.00
8.10
8.00
7.90
7.80
7.80
7.83
7.85
8.08
7.79
7.88
7.83
7.89
7.80
7.93
7.95
7.96
7.88
7.79
7.77
7.83
7.88
7.74
7.75
7.77
7.76
7.75
7.80
7.79
7.65
7.75
7.70
7.64
8.00
7.80
7.81
7.67
7.63
7.56
7.64

Conductivity
(umhos/cm)
1410
1380
1390
1380
1420
1420
1430
1440
1420
1440
1440
1450
1320
1335
1336
1268
1330
1338
1352
1312
1322
1331
1323
1347
1372
1363
1346
1367
1362
1370
1353
1287
1315
1327
1426
1286
1261
1283
1340
1255
1243
1180
1167
1141
1160
1227
1249

TDS (ppm)
=
888
885
902
848
889
893
901
876
885
888
890
898
921
911
911
900
917
934
904
865
889
876
944
914
856
867
848
841
817
769
772
771
783
808
805

APPENDIX 1D
Additional Analysis for Ions

Soil Testing Laboratory, Water Quality Laboratory
Virginia Tech

APPENDIX 2

Bat Habitat Survey Sheet

AML - External Mine Portal Investigation
(Bat Habitat Suitability)

Project Name:
Date:

Portal
No..

Quadrangle:

County:

Portal Location:
Bat Gate Recommended.

Suitability of Mine Portal for Bat Habitat (check all applicable items.)
1. The portal is not suitable for a bat habitat.
The entrance is totally collapsed or bricked off.
The portal is flooded or floods in wet weather.
The entrance is severely blocked by rock or vegetation.
A total collapse of the mine at the portal area appears to have occurred.
2. The portal may be suitable for a bat habitat.
Biological Characteristics of the Mine Portal (check all observed)
3. Aquatic life present:

4. Vertebrates/signs:
Dog
Raccoon
Opossum
Skunk
Woodrat
Mouse
Phoebe Nest

Salamanders
Salamander larvae
Crayfish
Frogs
Other (list below)

Other (list below)

(Complete the following portion only if the portal may be suitable for a bat habitat.)
5. Estimated frequency of human disturbance:
6. Number of known entrances:

-

More suspected: -

7. Estimated elevation difference between the highest and lowest entrance:
DMLR-AML-007
Rev. 4/97

Page 1

feet.

Division of Mined Land Reclamation
Mine Portal Investigation - Bat Habitat Suitability
Entrance Description
Entrance No.:
Size: Height x Width
Diameter/Length x Width
Portal Slope:
Entrance Stability:
Access:
Airflow:
Flow Direction:
Presence of Water Flow:
Acid Mine Drainage (AMD):
Household Use:

feet
feet

feet
feet

feet
feet

feet
feet

8.Lowest temperature of exiting air (any entrance, near ground level):

(°F), Entrance No.

9.Highest temperature of exiting air (any entrance, near ceiling level):

(°F), Entrance No.

10. Greatest length visible through any entrance:

(feet).

11. Estimated distance to nearest riparian habitat:

(feet); and to nearest open water:

12. Other:
The opening is stable and appears to provide safe working conditions.
Photographs were taken of the portal and general area. (Number taken/attached to this report:
A video was taken of the portal area by:

Comments:

Investigation
Conducted by:
DMLR-AML-007
Rev. 4/97

Page 2

(feet).

