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ABSTRACT
A WATERSHED-BASED METHODOLOGY FOR ASSESSMENT OF

NONPOINT SOURCE POLLUTION FROM INACTIVE MINES

A watershed-based methodology for the screening-level assessment of nonpoint
source pollution from inactive and abandoned metal mines (IAMs) was developed,
tested, and evaluated in this study. The methodology is intended for use by state and
federal agencies responsible for management of these sites, and was designed to
generate the common types of baseline site characterization information required for
targeting streams and contaminant source areas for remediation. These information
goals have been defined as part of this study prior to developing the assessment
methodology, and are based on generalized but clearly stated IJAM management
goals that are most common among agencies.

The research involved the following:

(1)  Identifying typical water quality and hydrologic characteristics of and
assessment methods for IAMs.

(2) Defining IAM management goals and information goals for targeting.

(3) Identifying and evaluating attributes of data derived from typical synoptic
surveys of IAMs.

(4)  Identifying common data gaps and data collection and analysis methods to fill
these gaps.

(5) Identifying and evaluating applicable assessment and data analysis methods
to achieve the stated information goals.

(6)  Developing, testing, and evaluating the assessment methodology.
The Cement Creek Basin, part of the Upper Animas River Basin above Silverton
in the San Juan Mountains of southwestern Colorado, was used as the primary case
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study to develop the recommended methodology. The study showed that the
potential error and uncertainty in the data and derived information should be
considered explicitly in the assessment process in order to target remediation with
a known degree of confidence. Confidence intervals, therefore, should be computed
for statistical estimators. Visual aids for data presentation and usage should be used
and include graphs, mapping of information, and if possible, GIS. Targeting in
Cement Creek and at other sites can be accomplished effectively using the
recommended methodology. Some data gaps exist in Cement Creek and at most
IAMs with regard to targeting remediation. These can be filled when the required
information goals are not met with existing data and when resources are available
using some of the methods discussed in this study. The recommended methodology

is applicable to and would be very useful for other IAMs.

Brian S. Caruso

Department of Civil Engineering
Colorado State University

Fort Collins, Colorado 80523
Fall 1995
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1.0 INTRODUCTION

One of the primary forces behind the exploration and development of the
western United States for over a century was the mining of vast lands for minerals
demanded by society. The intensive mining efforts that occurred over the years left
a legacy of waste and environmental problems from inactive and abandoned metal,
or hardrock, mines scattered throughout the west. Mining prior to 1970 was
generally conducted with little environmental cognizance or regulation. Waste rock
was left exposed to the elements at the mine site, and tailings were located at the
lowest convenient point, typically in or adjacent to stream channels. It is only now
being realized that these mine wastes have caused and are continuing to cause
significant environmental problems (USEPA, 1987a, 1991a; WGA, 1991). The
problems associated with impacts to the water quality of streams and aquatic life are
the most common and severe. Many of these mines contribute acidic drainage,
sediment, and metals from nonpoint source (NPS) areas, such as waste rock and
tailings, to receiving streams, thereby impairing the beneficial uses of the water
bodies. Increasing outdoor recreation, urban sprawl, and general population growth
into rural areas where many of these sites are located increase the risk of exposure
of the general public to hazardous mine waste and increase public awareness of and
concern over mine waste problems. The degradation of ecological systems and
aquatic life in many of these mountainous locations is also a primary concern for

regulatory agencies and the public.



1.1  Problem Definition

The sites discussed as part of this research project are commonly known as
inactive and abandoned mines (IAMs). The definition of an IAM varies somewhat
between states, but the most common definition is a mine that operated and ceased
operation prior to 1970 and for which there is no party that has a continuing
reclamation responsibility (CCEM, 1993). The strict definition of IAMs includes
both coal and noncoal mines, but this study only addresses noncoal (also known as
metal or hard rock) mines. Most of these sites are located in the mineral belts of
the western U.S.

No comprehensive national program currently exists for the management of
IAMs, and no federal environmental regulations directly address the vast majority of
these sites. Overall management goals for IAMs, therefore, have not been defined.
Specific information goals for the assessment of these sites that are based on
management goals have also not been defined. Unlike coal, there has been no
national inventory of noncoal mine waste problems. Much of the existing data,
therefore, are incomplete and inconsistent. Attempts to address the IAM problem
are very scattered within the federal and state governments (WGA, 1991). The
approaches taken by each of the agencies are not consistent, and the management
and information goals of each agency are different. For example, the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) requires
federal land management agencies to perform inventories of potential hazardous
waste sites on federal property, but the methods and status of the efforts vary
considerably among agencies. With regard to state programs, a few states have been
addressing this problem for many years while others have not even begun the
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inventorying process. One of the primary reasons for the significant differences in
the status of state programs is that the inventorying costs alone can be as high as
over one million dollars in states such as Idaho and Montana (WGA, 1991), and
funds for most states to address the problem are not currently available.

As a result of the JAM management problems discussed above, several
collaborative efforts by state and federal agencies, environmental and research
organizations, ad hoc committees, and mining companies are currently underway to
address some of the environmental problems associated with mine waste (CCEM,
1993). Congressional legislation in the near future could also result in a greater
national effort to remediate these sites. The Western Governors’ Association
(WGA) Mine Waste Task Force implemented a scoping study (WGA, 1991) funded
by the U.S. Environmental Protection Agency (USEPA) using existing data from 18
western states on the size and nature of the IAM problem. The study revealed that
there is wide variability in the quality and quantity of information regarding these
sites among the states due to inconsistencies in the inventorying and assessment
process. Although the data are limited, it is apparent that there are significant
environmental, health, and safety problems associated with these sites and that the
estimated costs of remediation are substantial. The WGA study (1991) identified
thousands of miles of streams and thousands of acres of land impacted by IAM waste
throughout the U.S. There are more than 20,000 individual waste sites in Colorado
alone, and it has been estimated that over 1,200 miles of streams in Colorado have
been adversely impacted to varying degrees by IAM waste drainage. The types and
definitions of impacts vary to a certain extent, but many of the problems are similar
in nature and are caused by processes that are common in the environments in which
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most of these sites occur. Impacts to streams typically include the following:

° impairment of designated beneficial uses, such as domestic water supply,
recreation, aquatic life habitat, wild and scenic river, etc.

° metals concentrations exceeding numeric water quality standards and acidic
conditions

° fish kills and aquatic life degradation

° sedimentation
° wetlands, riparian vegetation, and aquatic habitat degradation
o aesthetic problems

® human health risks

Other environmental impacts typically associated with these waste sites include the

following:

o upland erosion of waste material and disturbed land
° terrestrial vegetation and habitat degradation

° human safety risks

Most of these sites are located at high altitudes in mountain environments. Many
of them are located in relatively isolated headwaters where the environmental
conditions and water quality are largely controlled by the dominant hydrologic
processes within the basin such as snowmelt. The terrain is often steep and rugged.
Natural vegetation in these areas is typically composed of forest or woodland
communities and provides good wildlife habitat. The areas are often aesthetically
pleasing and provide recreational opportunities for many people.

The sites do vary, however, in terms of size, complexity, and geochemical and
physical characteristics as well as in the severity of the impacts to the receiving
streams. Some individual sites are very small and isolated and are not located near

a stream or appear to have no significant impact on the water environment based on



limited visual observations and/or data. Other individual sites are part of a historic
mining district within a large watershed where there are hundreds of individual sites
and problems. These basins can be very complex and could have caused such severe
degradation of water quality that no aquatic life exists in receiving waters for some
distance downstream from the source areas. Some sites are also located upstream
of population centers, water supplies, or recreational areas. This usually adds to the
complexity of the impacts.

One of the primary IAM management problems is that specific cleanup and
water quality goals have generally not been defined for most of these sites. Are
numeric water quality standards applicable in streams where all aquatic life is gone?
Numeric goals are one thing, but realistically reaching these goals is another with
limited resources and severe problems. Impairment of designated beneficial uses,
especially of aquatic life habitat, is a major concern and restoration of the uses and
ecological system is a very important cleanup goal. Achievement of this goal could
take several decades in some severely impacted areas, or might not even be possible
without an exorbitant amount of money and resources. It is also difficult in many
cases to quantify the appropriate numeric goals for the water body as well as the
degree of impairment of the system.

The WGA study (1991) concluded that well defined management and
information goals are required for future inventories, assessment, and remediation
of these sites with consistent methods and coordination among the agencies
conducting the work.

1.2 Objectives
Given the large scope and complexity of the IAM problem in conjunction with
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the lack of a coordinated effort and limited resources to address the problem, overall
IAM management goals must first be defined before the effective assessment and
remediation of the sites can be accomplished. Prioritizing or "targeting" IAMs for
remediation will probably be an integral component of the effective management of
these sites given limited financial and human resources to address the problem
(WGA, 1991; CCEM, 1993). Information required for targeting is typically derived
from limited synoptic monitoring of the sites and analysis of resulting data. In order
to make the targeting and remediation of IAMs cost effective, the specific
information required for targeting should be clearly defined prior to data collection
and analysis and should be somewhat consistent and comparable among sites using
similar data collection, analysis, and reporting methods (WGA, 1991; CCEM, 1993).
An effective, practical, and consistent quantitative methodology to perform screening-
level assessment of these sites to provide the specific information required for
targeting is therefore warranted.

The primary objective of this study is to develop a standardized watershed-based
methodology for screening-level assessment of NPS pollution from IAM:s for targeting
remediation. Several specific objectives and tasks have been identified that are
required to meet this overall objective:

1. Identify typical water quality and hydrologic characteristics of and assessment
methods for JAMs.

2. Define IAM management goals and information goals for targeting.

3. Identify and evaluate attributes of data derived from typical synoptic surveys
of IAMs.

4. Define and evaluate applicable data analysis methods to achieve the stated

information goals.



S. Identify data gaps and data collection and analysis methods to fill these gaps
(proposed future monitoring system designs).

6. Develop, test, and evaluate the methodology.

The term "methodology" is defined for the purposes of this study as the
integration of multiple, specific methods and steps into a logical and useful procedure
or protocol that is being developed as part of this study. It does not refer to the
methodology used for this study itself.

1.3  Scope

The recommended methodology will be developed based on the following
limitations:

L. This study will develop a methodology for screening-level assessment to derive
information for targeting. Targeting is generally performed after the

inventorying phase but prior to the remediation phase.

A This study will focus on loadings and concentrations of metals in surface water
(runoff and streams) in typical IAM watersheds.

3. Specific assessment methods for groundwater and lakes will not be considered.

4. Methodologies for detailed, process-oriented (physical and chemical) studies
will not be presented.

5. Although elements of existing quantitative methods will be used and
integrated to develop a methodology, no specific new quantitative methods
will be developed.

Chapter 2 of this document presents a discussion of common water quality and
hydrologic characteristics of and environmental problems at typical IAMs. Chapter
3 is a discussion of past and present IAM and related monitoring and assessment
methods as presented in the literature including federal regulations requiring

assessment and federal agency methods, state agency methods, and other assessment

methods discussed in the open literature. Chapter 4 presents generalized IAM



management goals and associated information goals, as defined by potential targeting
criteria and detailed discussions with key agency personnel. To a certain extent, the
information goals are dictated by the available assessment techniques. Chapter S
presents an evaluation of common attributes of data derived from typical IAMs that
might impact data analysis methods and interpretation. Dissolved zinc data from the
Cement Creek Basin above Silverton in the San Juan Mountains of southwestern
Colorado are used extensively to evaluate attributes. Data collection and
management methods that are useful for subsequent data analysis are also discussed
in this chapter. Chapter 6 is a discussion of common data analysis methods, as well
as information presentation and targeting methods, that might be applicable to and
useful for assessment of most IAMs. The methods also are applied, tested, and
evaluated in this chapter using the Cement Creek data. The methods will be
considered useful if the defined information goals can be reached and if targeting
critical areas in the Cement Creek basin can be accomplished in an effective manner.
Chapter 7 presents a discussion of important data gaps encountered in the
assessment of Cement Creek and for most assessments of [AMs that might require
additional assessment activities to fill in the gaps. Typical methods that can be used
to fill in these data gaps are also discussed in this chapter. In Chapter 8, the useful
methods discussed in Chapter 6 are combined and integrated into a recommended,
comprehensive methodology for the screening-level assessment of NPS pollution from
IAMs for targeting critical areas. The methodology is also qualitatively tested and
evaluated in this chapter using the general site characteristics of and data sets
derived from several other IAM watersheds. Chapter 9 is a summary and discussion

of conclusions that can be drawn from this study.

8



2.0 CHARACTERISTICS OF INACTIVE AND ABANDONED MINES

This chapter discusses the history and physical, chemical, ecological, and waste
characteristics that are common to many IAMs in the western U.S.

2.1  Location, History, and General Site Characteristics

The exploration and development of the western U.S. was largely influenced by
more than a century of mining of vast lands for metallic ores required by an evolving
industrialized society. Mineral belts extend across many areas of the western U.S.
including most of the 17 western states. The states with the most extensive mineral
belts and metal mined areas are Colorado, Idaho, Montana, and California (Martin
and Mills, 1976). The Colorado mineral belt, for example, extends from near
Durango in the San Juan Mountains in the southwestern part of the state to near
Boulder in the Front Range (Moran and Wentz, 1974). Figure 2.1 shows the
locations of general problem areas across the U.S. (as defined by USEPA) and the
extent of the mineral belt through Colorado.

Major production metals are classified into five groups: base, ferrous, precious,
rare, and radioactive (Martin and Mills, 1976). Base metals include copper, lead,
and zinc. Ferrous metals include iron, and gold and silver comprise the precious
metals. Rare metals include molybdenum, tungsten, and tin. "Complex ore" is
typical in Colorado that usually includes base metals and precious metals (Moran and
Wentz, 1974). The base metals and silver typically occur as sulfides (and sometimes

oxides). Gold and silver tellurides compose a second type of ore found in Colorado.
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A third type of ore is molybdenum ore that usually also contains tin and tungsten.
Radioactive elements occur primarily in uranium and vanadium ores (Martin and
Mills, 1976).

Production (mining) methods include both surface and underground mining
(USEPA, 1975). Surface mining methods include both placer and open cut.
Underground mining methods include open or supported stopes, caving, flat seam,
and solution mining. Low-grade (non-economic) waste rock from the mining process
is called "gangue." Mineral processing (milling or beneficiation) is performed after
the production (usually in the same vicinity within 10 or 20 miles of the mine) and
includes sizing, sorting, concentrating, and metallurgical processing. Flotation was
by far the most common method for concentrating metals. All solid and liquid waste
materials from metal processing were typically disposed in tailings ponds (Martin and
Mills, 1976).

Little environmental cognizance or regulation existed during most of the
exploration and mining of these metals (WGA, 1991). Waste rock was usually left
in place adjacent to the mine. Tailings were typically deposited at the lowest
convenient location near or in alluvial stream valleys. Adits and shafts were left
open and exposed to the public, also exposing the natural and mined metal ores to
further oxidation and allowing continued discharge of acid and metals drainage. The
topography of the mined area was altered, vegetation removed, and adjacent land
disturbed by milling operations, access and haul roads, staging areas, and other
ancillary activities that allowed significant erosion and sedimentation. Until the
1970’s, no attempts were made to reclaim these mined lands or disturbed areas, and
only then reclamation was performed primarily for coal-mined lands and only
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because of the requirements of the Surface Mine Control and Reclamation Act
(SMCRA) enacted in 1977. The active metal mine operations were exempt from all
reclamation requirements, and abandoned or inactive metal mines had no
environmental responsibilities (WGA, 1991). With regard to current environmental
problems at IAMs, three sources of water pollution are generally recognized: acid
mine drainage (AMD), metals drainage, and sediment (Martin and Mills, 1976).
2.2 Solid Waste Characteristics

Solid waste from metal mining operations includes primarily tailings and waste
rock (USEPA, 1975). Tailings may be defined generally as solid material disposed
of from the milling or processing of metal ores. After the milling process, tailings
generally still have high concentrations of minerals. Tailings also have particles with
increased surface areas due to crushing and are completely exposed to air. All of
these factors result in a significant potential source of metals pollution to nearby
water bodies, especially since tailings are typically located near or in stream channels.
It also means that the metals may potentially be recovered economically from
tailings, even though they were not considered economically recoverable at the time
of processing.

Waste rock is typically defined as any solid material removed from a mine in
order to access the ore body. Because of its heterogenous nature, most waste rock
is non-economic and its use is generally restricted to crude fill material. However,
the waste rock is also typically composed of some metal ores that may not have been
economically feasible to recover at the time of operation. Therefore, the potential
for dissolution and leaching of metals from waste rock is significant. Waste rock
generally exists at all IAMs that were explored but never developed, as well as at
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sites that were actually mined (Martin and Mills, 1976).
23 Liquid Waste Characteristics

Liquid waste generated by past mining activities that is still a problem today
includes AMD and metals drainage (Martin and Mills, 1976). This drainage
emanates from both adits/shafts and leaching of solid waste materials. AMD is the
result of acid generation from the oxidation of natural pyritic material in mineral
belts that is exposed to air and water (Wentz, 1974). This exposure and the
generation of AMD is accelerated by mining operations. The acid itself is harmful
to aquatic biota and can preclude designated uses of the water. The acidic water
also causes and accelerates the dissolution of metals from the ores, tailings, and
waste rock. These metals are leached from the material and transported to surface
waters where they can be present in concentrations that are toxic to aquatic life and
humans and that preclude designated uses.

The overall pyrite (FeS,) oxidation process is as follows (Wentz, 1974):

FesS, 4 +15/40,+7/2H,0=Fe (OH) , 4 +250; 2 +4 H** (2.1)

This reaction is not the only oxidation process but it is the dominant process and
most important for metal mining sites. Ferrous (Fe*?) ions are released and oxidized
to the ferric (Fe*®) ions as the rate-limiting step. The bacterium Thiobacillus
ferroxidans catalyzes the reaction and increases the rate of oxidation by five to six
orders of magnitude (Stumm and Morgan, 1981). The ferric ions hydrolyze forming
relatively insoluble ferric hydroxide [Fe(OH),] precipitate. Sulfate (SO,?) ions and
acidity are also produced in the reaction. The acidity causes the leaching and

mobilization of metals from the rock material, and results in the predominance of
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metals such as zinc in the dissolved, or bioavailable, form for water transport and
uptake by biota. Other metal ions may adsorb onto or coprecipitate with the ferric
hydroxide. This forms a metal-rich orange coating (known as yellow boy) on rocks
in impacted streams. Other metal sulfides, such as sphalerite (ZnS) and galena
(PbS), will also be oxidized in the process. These reactions also result in the
dissolution of additional metals to the water, but do not result in the formation of
additional net acidity (Wentz, 1974).

24  Hydrology

The hydrology of IAM watersheds is the driving force behind transport of
contaminants from source areas (solid and liquid) to receiving water bodies.
Although the hydrologic characteristics of each IAM are somewhat site-specific, some
similarities do exist among many of the sites. Most of these mining sites are located
at high altitudes in mountain environments, and many of them are located in
relatively isolated headwaters where the environmental conditions and water quality
are largely controlled by the hydrologic processes within the basin.

Baseflow generally contributes contaminants from point sources such as draining
adits and shafts. A point source can be considered as any source of contaminants
that is very limited in areal extent and is not diffuse in nature. Concentrations of
metals are usually highest during baseflow conditions when dilution is minimal
(although the total loading, which is the product of concentration and flow, may be
at a minimum) (Martin and Mills, 1976). Although baseflow conditions may be
somewhat constant and predictable, the overall hydrology of these sites can be
extremely variable in time and space. Snow accumulation and melt in the late spring
generally results in significant seasonality in surface flows and contaminant transport
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to receiving waters. Figure 2.2 is a typical average annual hydrograph from a stream
in the Clear Creek Basin in Colorado where extensive mineral mining has occurred
(CDM, 1990). Because of the nonpoint source nature of many of the solid waste
materials and disturbed areas, storm runoff events also contribute large loadings of
metals to receiving waters during these events. Both snowmelt and storm runoff
cause significant leaching of acids and dissolved metals and erosion (with adsorbed
metals) from solid wastes and transport to receiving waters. Loadings of metals are
generally highest during snowmelt and storm runoff events. However, metals
concentrations are typically lowest during these periods due to dilution (Martin and
Mills, 1976). Although the seasonality of snowmelt runoff can be generally described,
the temporal variability of storm event runoff is more difficult to evaluate. The
spatial variability of snowmelt and storm runoff is also difficult to describe because
of variable snow accumulation and melt for different years, and variable storm
patterns and contributing areas for different years and different storm events.
2.5  Erosion and Sedimentation

Erosion and sediment transport from solid wastes and disturbed areas (such as
access roads or devegetated areas) is a major cause of water pollution at many IAM
sites (Martin and Mills, 1976). The sediment may be a problem in itself by causing
aquatic habitat degradation, but high adsorbed metals concentrations and loadings
are the major problem. These loadings of metals adsorbed to sediment may
represent the primary mechanism of metals loadings to receiving waters at some
sites. Although these adsorbed metals concentrations are not directly harmful to
most aquatic life (except bottom-dwelling macroinvertebrates), they are not as
transient in nature as dissolved metals and may persist in the aquatic environment
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for a longer time due to sediment deposition. The metals may be released to the
water column over time causing chronic impacts to water quality and aquatic life.
Sediment with adsorbed metals deposited on the bottom of stream channels or
impoundments may also be resuspended and transported downstream during
subsequent high flow events (USEPA, 1975).

Erosion and sediment transport at a particular site is dependent on the physical
characteristics of the site such as weather, construction method, slope, material
characteristics, and particle size distribution (Martin and Mills, 1976). Particle sizes
of mine waste materials vary from large boulders to fine clays. Waste rock is
particularly variable in size, while tailings particles are generally fine and have a high
erosion and transport potential. The location of tailings particles in alluvial streams
also increases the potential for erosion and transport of these particles. Six basic
types of erosion are generally recognized in watersheds as follows (ASCE, 1985):
sheet and rill erosion
degradation of minor drainageways
gully erosion
floodplain scour

stream bed degradation
stream bank scour

SNE P

Sediment transport from upland erosion due to overland flow is defined as wash
load. Sediment transport in streams may be categorized as suspended sediment or
load and bed load. Suspended sediment is composed of finer particles (clays and
silts smaller that approximately 0.65 microns in diameter) that are transported with
flow and are relatively insensitive to flow parameters. Bed load is composed of
coarser particles (sands, cobbles, etc. greater than approximately 0.65 microns in

diameter) that are transported dependent on the energy of the flowing water and that
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roll along the bed (ASCE, 1985).
2.6 Receiving Water Quality Impacts

This section discusses typical receiving water quality impacts from [AMs.
2.6.1 Streams and General Water Quality

Impacts to receiving water quality can vary significantly depending on the
loadings to the receiving water and the physical and chemical characteristics of the
water (Martin and Mills, 1976). The alkalinity and buffering capacity of the water
is very important in determining impacts from AMD. Alkalinity is the ability of
water to neutralize acid. In natural surface waters, bicarbonate and carbonate are
the principal sources of alkalinity. These anions are believed to be released into
surface waters through the dissolution of minerals such as limestone and feldspar
(Stumm and Morgan, 1981). Carbon dioxide from the atmosphere readily dissolves
in water forming carbonic acid. The degree of carbonation along with the reaction
with calcareous materials determines the basic buffering system of natural waters.
If the acidity added to the system from AMD is greater than the buffering capacity,
the pH of the water will decrease to a lower equilibrium value. Downstream in a
particular water body, the low pH water will join other inflowing buffered
(unimpacted) water resulting in the eventual restoration of neutral conditions.
Therefore the length of the stream with a low pH is a function of the following
(Martin and Mills, 1976):
1. AMD reaching the stream
2. buffering capacity of upstream water
3. buffering capacity of downstream water entering the stream

Sulfate and/or iron concentrations are sometimes used as indicators of acidity

potential of water, although the relationships are typically non-linear (Martin and
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Mills, 1976; CDM, 1990).

The chemistry of metals in natural waters and in waters impacted from mine
drainage is complex. Reduction of dissolved metals concentrations in surface waters
can result from dilution, precipitation, adsorption, uptake by biota, and loss to
groundwater. Metals can exist in solution as ionic species or organic and inorganic
complexes. Metal cations in water exist in a hydrated state forming aquo complexes
(Stumm and Morgan, 1981). The pH of the solution, the concentration of the
specific cation and other metal species present, and the redox potential all determine
the exact form of the complex. Organic and inorganic metal complexes may or may
not be in an ionic form. Metal ions may also complex with ligands to form complex
molecules. Wentz (1974) states that metals can be:

1. adsorbed onto solids including colloids
2. contained in coatings on sediment grains (precipitates and coprecipitates)
3. taken up by biota

4. incorporated in crystalline structures and complexed with organics not in
solution (chelation)

The effects of these phenomena on metal mobility is unclear. It is believed that the
most mobile fraction of the total metal load in streams is the dissolved fraction. The
dissolved fraction is dependent on the oxidation-reduction potential (E,) and pH of
the water (Moran and Wentz, 1974).

Jenne (1968) states that the sorption of metals in water is a function of the
following factors:
concentration of the metal in question
concentrations of other metals in solution

pH
quantity and strength of organic chelates and complex ion form present

el .
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amount and type of organic matter
amount and type of clay

carbonates

precipitation as oxides and hydroxides

PN W

2.6.2 Impairment of Beneficial Uses

This section describes typical types of impairment of beneficial uses of receiving
waters.
2.6.2.1 Aquatic Life Impacts

The metals associated with mine drainage are naturally occurring in water at low
concentrations. In mining districts, many of these metals occur naturally as ores with
high concentrations and may therefore occur at higher, even toxic, concentrations in
water naturélly. Most trace metals are essential to life in small amounts. Others,
such as arsenic and cadmium, have no known biological function. All trace metals
can be toxic at high enough concentrations, but the "toxicity" of a metal is actually
a relative term. The toxic effects of a metal may range from slight discomfort to
death. Toxic effects may also be chronic (long-term) or acute (short-term), and most
aquatic life standards are categorized as such. Most metals that compose a mixture
in an effluent or a stream will exhibit either antagonistic or synergistic toxic effects.
Toxic effects also vary considerably between species and during different stages of
the life cycle for a given specie (Martin and Mills, 1976).

The toxic effects of metals to aquatic life can vary from decreased species
diversity to complete sterility in a particular stream segment. Sediment and
precipitates can impact aquatic life in addition to high metals concentrations and low
pH. Benthic macroinvertebrates are relatively immobile and, consequently, cannot

quickly avoid environmental stresses and adverse impacts to their immediate
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environment. Changes in macroinvertebrate community structure, therefore, tend to
reflect long-term changes in the environment. The effects of metals on fish depend
on the species, size, age, and physiological condition of the individual fish. Some fish
can adapt to changing or somewhat toxic conditions while others cannot. An
individual fish may not be affected by metals while the population of fishes may be
impacted because of effects on the food base. Hardness is generally believed to be
antagonistic to the toxicity of most metals to fish because dissolved metals can form
complex compounds with carbonate (Martin and Mills, 1976). Standards for
dissolved metals are often developed based on associated hardness values. However,
alkalinity is also antagonistic to the toxicity of metals for the same reason and may
be more important than hardness in reducing the toxicity of metals (Davies, Colorado
Division of Wildlife, personal communication, 1993). The characteristics and toxic
effects of specific metals of concern from mining activities may be found in Martin
and Mills (1976) and Ridolfi (1991) as well as other references.
26.2.2 Municipal, Agricultural, and Industrial Use Impacts

High concentrations of metals in surface waters may impair municipal,
agricultural, and industrial uses. Wildlife and domestic grazing animals typically
drink from surface water and may ingest toxic levels of metals in both dissolved and
suspended form. Irrigation of crops may also use contaminated surface water that
may result in toxic levels of metals in sensitive plant species. This could inhibit plant
growth and cause local economic problems in certain agricultural areas affected by
IAMs. These crops are also intended for animal and/or human consumption.
Municipal potable and industrial water supplies derived from contaminated surface
waters may not have metals removed to an acceptable degree with standard
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treatment methods. Therefore, metals are either passed through the system to the
consumer or the industrial process or more complex and expensive treatment
technologies must be incorporated into the system to remove the metals to
acceptable levels.
2.6.2.3 Recreational Use Impacts

Many IAMs are located in areas that are heavily used by people for recreational
purposes including fishing, swimming, boating, hiking, camping, hunting, off road
vehicle use, etc. Some of these recreational uses of water are impaired directly by
metals pollution and general water quality degradation. Fishing, swimming, and
boating are examples of these uses that may be prohibited in impacted surface
waters. Other non-water recreational uses, such as hiking and camping, may not
necessarily be prohibited but may be impaired due to dangerous conditions (open
shafts and adits) and degraded aesthetics. People may seek more pristine areas for
these types of activities. There are related socioeconomic impacts to local
communities due to these recreational use impairments. Conversely, some historic
mining districts attract many visitors (especially off road vehicle users) primarily due
to the attraction of the historic abandoned mining sites. The Upper Animas River
Basin and the Silverton area in Colorado is a prime example of this type of
attraction.
277  Aesthetic Impacts

Related to the recreational use impacts because many IAMs are located in areas
that are mountainous and scenic, impacts to the aesthetics of an area may be
significant. Although historic structures such as mine shafts, mills, and cabins are not
necessarily problematic, large tailings ponds, waste rock, eroded and devegetated
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areas, precipitates in streams, and streams devoid of natural aquatic life may pose
severe aesthetic problems at some sites. This is especially true in large mining
districts were there may be hundreds of such problems within a relatively small area.
The problem is even more noticeable in the many scenic natural areas where mining
has typically occurred. Again, these aesthetic problems may also have adverse
socioeconomic impacts to an area or community where tourism is the major
economic component, such as in the Upper Animas River Basin.
2.8  Socioeconomic and Other Impacts

Impairments to designated beneficial uses of water and other impairments have
socioeconomic and other impacts to an area or community that has IAMs in the
vicinity. If municipal or agricultural uses are impaired, some types of economic
development, such as urban growth, may be precluded without expensive water
treatment systems. Impairment of aquatic life may inhibit fishing and associated
recreational uses that typically may be the primary source of income in a given area.
Impairment of recreational uses and aesthetics may also have adverse effects on
tourism and the economic well-being of an area with multiple IAMs and severe

environmental impacts.
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3.0 EXISTING ASSESSMENT METHODS FOR INACTIVE AND
ABANDONED MINES

A wide variety of IAM and related monitoring and assessment efforts have been
undertaken or proposed by a number of federal and state agencies under the
auspices of several management goals and regulatory drivers. These efforts have had
some elements in common but generally vary considerably in their purpose and
scope. Others have also performed studies or proposed methods related to IAM
monitoring and assessment.
3.1  Federal Regulations Requiring Assessment

CERCLA (or Superfund) of 1980, as amended by the Superfund Amendments
and Reauthorization Act (SARA) of 1986, is currently addressing 51 IAMs that are
listed on the National Priorities List (NPL), which includes over 1,200 hazardous
waste sites. CERCLA also requires all federal land management agencies to
inventory potential hazardous waste sites (including IAMs) within their jurisdiction
to include in the computerized Comprehensive Environmental Response,
Compensation, and Liability Information System (CERCLIS) (Walline, USEPA,
personal communication, 1993; USEPA, 1991b). Preliminary Assessments (PAs) are
required for all of these sites (USEPA, 1991b). However, no actual field samples are
generally collected or analyzed for this first phase of the CERCLA process. This
phase is usually based entirely on the use of preexisting field data in conjunction with

site reconnaissance. If the PA indicates potentially severe problems at a site, a Site
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Inspection (SI) must be performed (USEPA, 1992a). This screening phase usually
includes the collection of a minimal number of waste and environmental samples.
Historically, about three out of five sites that undergo a PA require an SI. Based on
the results of the S, the site is ranked with respect to its potential human health and
environmental hazards according to the CERCLA Hazard Ranking System (HRS).
If the site scores high enough using the HRS (28.5 or greater), it is eligible to be
placed on the NPL. Historically, only about one out of 20 sites that undergo a PA
warrant placement on the NPL. Most of the NPL mining sites are relatively complex
or large, are currently causing severe impacts to the environment, and/or are located
upstream of or near population centers or water supplies. The Clear Creek/Central
City (CDM, 1990), Eagle Mine (Engineering-Science, 1985), and California Gulch
(USEPA, 1987b) sites in Colorado, and the Silver Bow Creek/Butte Area and
Anaconda Smelter sites (Brown et al., 1991) in Montana are prime examples of
Superfund IAMs. As part of the CERCLA process, these sites undergo a complete
and comprehensive remedial investigation (RI) and feasibility study (FS) prior to
remediation (USEPA, 1988a). A risk assessment is also required and is an integral
component of the RI/FS and remediation process. Typically resources (time and
money) are not limited when assessing these sites under CERCLA, and the process
usually takes at least several years prior to the implementation of remedial actions
due to the complex nature of the sites and the CERCLA process. However, most
IAMs under CERCLA have a lower priority for remediation relative to other types
of hazardous waste sites (such as many industrial sites). In addition, CERCLA has
been identified as one of the primary obstacles to remediating non-Superfund IAMs
because of potential future liability concerns (WGA, 1991). Monitoring and data
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analysis methods for Superfund remedial investigations and risk assessments are not

prescribed in detail, but general approaches are recommended (USEPA, 1988a,

1988b). Methods used to assess surface waters at CERCLA mining sites typically

involve the following:

L fairly extensive (spatially intensive) synoptic-type flow and water quality
(chemical, biological, and sediment) monitoring during important flow regimes

(low flow, high flow, and/or storm events) over one, two, or more years

o sampling of waste materials to determine concentrations of contaminants in
potential source areas, and estimation of volumes or areas of waste material

o minimal summary statistical analysis of field data including determining
frequencies of contaminant concentrations exceeding analytical detection

limits or Applicable or Relevant and Appropriate Requirements (ARARs) to
determine exposure concentrations for the risk assessment

® mass balances of contaminant loadings and plots of loadings and
concentrations from field data versus distance in major streams to evaluate

potential source areas and loss areas

Some type of modeling is also usually employed at these sites in conjunction with
monitoring data to aid in the estimation of loadings to and/or concentrations in
receiving waters. This may include fairly simple empirical or analytical techniques,
such as using the Universal Soil Loss Equation (USLE) for sediment and adsorbed
metals loadings (CDM, 1990; USEPA, 1988b), but usually includes relatively
comprehensive, complex, data intensive, and costly deterministic hydrologic and
geochemical modeling (CDM, 1990; Brown et al., 1991).

The Resource Conservation and Recovery Act (RCRA) of 1976 addresses a few
active mining sites and facilities that generate, store, or treat hazardous waste (WGA,
1991). As such, RCRA may only address some IAM waste that might be directly

associated with active mine sites. There are very few of these types of sites.
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SMCRA generally addresses only coal mines. Inactive coal mine reclamation is
the focus of an aggressive Abandoned Mine Land (AML) program as part of
SMCRA (WGA, 1991). Some noncoal IAM problems can be addressed with AML
funds, but only in coal-producing states and most of these reclamation efforts are
geared towards public safety problems and hazards as in the case of Wyoming
(WGA, 1991). |

The Uranium Mill Tailings Reclamation and Control Act (UMTRCA) only
addresses remediation of inactive uranium mill tailings sites (WGA, 1991).
Therefore, UMTRCA may only address some IAMs that might be directly associated
with UMTRCA sites. Very few IAMs contain this type of waste.

The Clean Water Act (CWA) of 1972 and as amended by the Water Quality
Act of 1987 provides for a demonstration grant program for controlling NPS
pollution (Section 319) that may address some IAMs (WGA, 1991). For example,
the Colorado Department of Public Health and Environment (CDPHE) Water
Quality Control Division is currently implementing an NPS pollution control
demonstration project in the Upper Animas River Basin in southwestern Colorado
(CDPHE, 1992a, 1993a). The project is in the initial stages of assessment of the
sources and quantities of metals loadings to specific stream segments. However,
appropriations from Congress for such demonstration programs have been much less
than authorizations to date. Therefore, states have not been able to fund many of
the proposed projects.

The new stormwater regulations under the CWA are anticipated to eventually
address many, if not the majority, of IAMs (Berry, USEPA, personal communication,
1993; WGA, 1991). However, these regulations are still evolving and have not been
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implemented at IAMs to date. Although water quality standards are not imposed by
the regulations, the intent of the regulations is to regulate or permit discharges from
all storm-generated runoff (including snowmelt runoff) from point sources (not NPSs)
and to control or remediate any and all potential sources of contamination to
receiving waters. Theoretically, this could apply to most IAMs. Depending on the
exact definition of point sources versus NPSs and the reference location, however,
point sources are sometimes indistinguishable from NPSs. It is not clear, therefore,
exactly what will be regulated at IAMs. The regulations will not necessarily apply
to groundwater or baseflow pollution problems, or existing environmental damage
in the basin or receiving waters. In addition, the large majority of the sites will
require only general permits where no monitoring is actually required. Stormwater
management plans must be submitted by the IAM responsible party that must be
approved by the regulating agency. These plans must identify potential sources of
contamination and good-faith measures to remediate these problems. The regulating
agency has the authority to inspect the sites to ensure that the management plan is
correct and that these measures are being implemented. However, state agencies
and USEPA do not currently have the resources to perform this task for the large
majority of sites. With no monitoring required or inspections performed at most
IAM sites, it is very unlikely that any remediation will actually be implemented. The
other major problem with the application of the new stormwater regulations to IAM
sites is the complex question of land ownership of and responsibilities for sites.
Because most of these sites are abandoned with complex ownership histories and
little documentation, the responsibility for compliance is very unclear and the
resources required to investigate ownership and take legal action for compliance
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would be significant.

For sites that will require group or individual permits, storm water monitoring

will be required as part of the application process and on an annual basis thereafter.

The methods are prescribed in USEPA (1992b) and include the following for

industrial (mining) sites:

Monitor at least one representative storm event that occurs during normal
operating procedures.

- depth of storm must be greater than 0.1 inch accumulation

- storm must be preceded by at least 72 hours of dry weather

- depth of rain and duration of event should preferably not vary by more
than 50% from the average depth and duration

Grab samples must be collected during the first 30 minutes of discharge.

Flow-weighted composite samples must be collected during the first three
hours of discharge (or the entire discharge, if it is less than three hours).

Monitoring must be performed at all point sources (outfalls). However, if
several outfalls have "substantially identical effluents”, only one of the

identical outfalls must be monitored.

Manual or automatic sampling may be employed.

Flowrate during the sampling must be monitored, and total flow volume
during the event must be estimated, but a variety of methods may be used.

Rainfall amount and intensity must also be measured.

Analytes are prescribed by the USEPA guidance document.

Decontamination and sample handling, preservation, documentation,
identification, labeling, packaging, shipping, and chain-of-custody procedures
are prescribed.

Water quality standards for receiving waters are typically developed by the states

based on federal (USEPA) criteria and guidance (USEPA, 1983; CDH, 1991a).

These standards are either narrative or numeric for protection of designated

beneficial uses for specific stream segments. Delineation of stream segments is

usually based on similar physical and water quality characteristics and uses within
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receiving waters in a specific watershed or subbasin (USEPA, 1983). Designated
beneficial use classifications are determined based on historical and current uses, and
in many cases a use attainability analysis involving a water body survey and
assessment. The purpose of a use attainability analysis is to determine if an aquatic
life protection use is attainable for a given water body by examining the physical,
chemical, and biological factors that may allow or preclude that use (USEPA, 1983).
For aquatic life uses, chronic and acute standards are usually derived (this is
discussed further below). The CWA also has an antidegradation policy that generally
prohibits the degradation of water quality for a particular use or the downgrading of
ause classification except under special specific circumstances (USEPA, 1983, 1991c).

Water quality-based effluent limitations (WQBELs) and total maximum daily
loads (TMDLs) have been applied to the permitting and regulation of point source
discharges to surface waters for several years as part of the waste load allocation
(WLA) process, and more recently have been applied to the control of toxic
substances (USEPA, 1991c; CDH, 1991b). They are typically applied to water
quality-limited segments of water bodies for which technology-based effluent
limitations (TBELs) of point discharges are not adequate to attain the designated
beneficial uses of the receiving water. The TMDL/WLA process usually involves the
application of mathematical models to predict the concentrations of contaminants in
receiving waters based on known or future loadings. These concentrations are
compared to standards to determine maximum acceptable concentrations to maintain
the designated use and then corresponding acceptable loadings are allocated to the
point discharges (Ambrose et al., 1988). A mass-balance dilution equation forms the
basis for most computations using low-flow minimum dilution chronic and acute
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criteria. These design flow criteria are typically known as 30-E-3 flow for chronic
standards (empirically based average 30-day low flow with an average 1 in 3 year
recurrence interval) and 1-E-3 flow for acute standards (empirically based 1-day low
flow with an average 1 in 3 year recurrence interval). This biologically based method
uses a 3-year recurrence interval because it is believed that this period provides
adequate time for aquatic life to recover between concentration excursion events
(CDH, 1992b). Seasonal TMDLs/WLAs may also be computed and used if
significant seasonality in flows or effluents can be demonstrated. The modeling may
involve either steady-state or dynamic modeling (USEPA, 1991c¢; Limno-Tech, 1985).
Steady state modeling (1) does not consider the frequency and duration of
concentrations above water quality standards, (2) does not include instream
processes, and (3) only considers a single environmental condition for a single
discharge at a single design specification. Alternatively, dynamic modeling explicitly
considers the frequency and duration of exposure by considering variable flows
and/or variable effluent loadings/concentrations and deriving a probability
(frequency) distribution of instream concentrations. Kinetic interactions are also
considered and are generally assumed to be first order losses. Three alternative
procedures included in dynamic modeling are (1) continuous simulation, (2) Monte
Carlo simulation, and (3) lognormal analysis (USEPA, 1991c; Limno-Tech, 1985).
The continuous simulation methodology is generally more complex and data intensive
than the other two methods.

The TMDL/WLA methodology has also been proposed by environmental groups,
USEPA Region X, and others for controlling NPS pollution and has recently been
used for several of these situations (USEPA, 1991c; Griffen et al., 1991) (WLAs are
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known as load allocations [LAs] for NPS applications). However, its usefulness and
appropriateness for NPS loadings is under debate. The first application of TMDLs
for NPS pollution control was for the Tualatin River in Oregon (Griffen et al., 1991).
More recently, it was used for the South Fork Salmon River in Idaho, and is
currently being used for the Coeur d’Alene River Basin in Idaho, a large basin with
multiple IAM sites and metals loadings and pollution problems (Mink and Murrey,
1992). Most of these NPS TMDL applications involve a fairly large and heavily used
receiving water body. For the Coeur d’Alene River Basin, best management practice
(BMP) projects are allocated using the TMDL approach to reduce loadings to Coeur
d’Alene Lake, instead of effluent loads from treatment facilities being allocated as
is done for point source pollution situations (Harvey, IDEQ, personal
communication, 1993). The debate surrounding TMDLs focuses on the
appropriateness of using daily load appropriations for NPS pollution that is typically
generated as a result of intermittent, highly variable storm runoff or seasonal
snowmelt runoff events. Variations of the TMDL approach to account for these
significant differences have therefore been proposed for NPS pollution regulation
(Griffen et al., 1991). In general, however, non-regulatory and voluntary control of
NPS pollution has been preferred over regulatory control programs (CDH, 1991b;
Foran et al., 1991).
3.2  Other Federal Agency Assessment Methods

Several guidance documents were prepared by USEPA during the 1970s to assess
and/or abate water pollution problems from mining sites. USEPA (1975) presents
criteria for developing state pollution abatement programs for inactive and
abandoned mine sites of all types. This guidance focuses on all administrative,
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socioeconomic, and technical aspects of developing programs, with an emphasis on

inventorying and mapping of sites using a watershed-based approach. For data

collection, many general options are presented that can be used depending on the

complexities and severity of contamination problems in the watershed, the level of

detail required, and the resources available to the state agency. However, the

following recommendations are presented for hydrologic and water quality analyses:

Watersheds and subbasins should be delineated on a topographic map and
based on field reconnaissance.

Grab samples with flow measurements should be collected at a large number
of sites employing modular, repetitive, and point source sampling schemes.

Modular sampling is performed once or twice to define areas of significant
contamination as well as marginal and uncontaminated areas. Repetitive
sampling is performed at strategic locations to enable periodic assessment of
flow and water quality over time. For point source sampling, each potential
pollution source and tributary to the main stem is sampled once or twice to
isolate pollution sources.

Prioritization of abatement projects based on watersheds, subbasins, or types
of sources using both technical and socioeconomic factors is critical to

successful programs. High priority projects will generally be those with either
the best cost effectiveness or the greatest predicted downstream water quality
improvement.

USEPA (1977) is guidance for water quality management for mine-related pollution

sources in relation to the CWA 208 Water Quality Management Program. This

guidance emphasizes the CWA areawide approach for identifying, assessing, and

controlling mining pollution sources and recommends the following:

Maximum use should be made of existing water quality data, emphasis on new
data acquisition should be placed on improved monitoring in support or

ongoing regulatory and abatement programs rather than on monitoring as a
part of problem assessment studies.

A stream-to-source approach using adequate existing water quality data when
all sources are not known should be used.

Assessment must incorporate both chemical and biological information.
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° In some cases, quantitative impact description must be performed using
pollutant load modeling. This may involve empirical methods such as the

USLE or various loading functions, stochastic methods, deterministic methods,
or simulation methods. These methods are more reliable for larger
watersheds with multiple sources.

o Assessment should include estimates of loadings and receiving water quality
impacts at both high and low flows.

L Comparisons should be made between mine and non-mine sources and
between subcategories of mine sources.

° Estimates of loadings and impacts from abandoned mines are better suited to
the modeling approach than are estimates from active mines because active

mines are more dynamic so abandoned mines are easier to model.

Other work sponsored by USEPA was performed for specific mine sites or types
of mines. The Montana Department of Natural Resources and Conservation (1977)
prepared a feasibility study for mine drainage control from metal mines in a
subalpine environment. Cox et al. (1979) developed methods using modeling and
high frequency monitoring to assess aquatic impacts from coal strip mine drainage
in the eastern U.S. Ridolfi (1991) evaluated the distribution of heavy metal loadings
to the South Fork Coeur d’Alene River in northern Idaho using a mass balance
approach.

The Office of Technology Assessment (OTA) (1986) also developed some
general guidance for permitting and reclamation of western surface mines that
emphasized cumulative hydrologic impact assessments (CHIAs). The document

states that surface water baseline studies should include the following:

° detailed location of all surface water features

° streamflow quantity data, including seasonal and annual variations, floods, and
low flows

° streamflow quality data, including physical and chemical characteristics and

the relationship between discharge and quality
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L quantification of physical watershed parameters
° description of climatic characteristics
° description of surface water uses

States may prescribe specific baseline monitoring requirements. In general, a
minimum of one year of baseline data is required and continuous recording gages or
quantification of maximum, minimum, and average flow conditions are required for
perennial and intermittent streams, while crest staff gages may be required for
ephemeral streams. For water quality data, either monthly or quarterly monitoring
is required for perennial and intermittent streams, while snowmelt and storm
monitoring may be required for ephemeral streams (OTA, 1986). For prediction of
hydrologic impacts, OTA suggests the Log-Pearson Type III distribution method for
gaged sites with many years of data, and statistical models based on multiple
regression equations using basin characteristics or deterministic models that may be
based on the SCS curve number method for ungaged sites. The USLE is also
recommended for predicting erosion and total suspended solids (TSS) concentrations.
The limiting factor for most CHIAs is the availability of reliable monitoring data for
model input and calibration.

More recently, USEPA has created a small Mining Waste group within the Water
Management Division in Region VIII. This group provides expertise in mining waste
issues to all USEPA regions (Walline, USEPA, personal communication, 1993).
Most of the work performed by the Mining Waste group is in regard to operational
mines and permitting and planning for new mines. They are not directly responsible
for the assessment ar_1d remediation of IAMs, however, except when involved with

inactive mining sites being investigated and remediated under CERCLA or active

35



sites under RCRA. The Water Management Division also gets involved with
assessment of IAMs to a limited degree with regard to implementation of and
compliance with the new stormwater regulations and National Pollutant Discharge
Elimination System (NPDES) permitting and compliance under the CWA for active
sites that may also have IAMs associated with them.

Willingham and Medine (1992) recommended a comprehensive Water Quality
Assessment Methodology that is being implemented in the Arkansas River Basin,
Colorado, by USEPA to address water quality and resource use impairment from the
Pueblo Reservoir to the headwaters, emphasizing protection of aquatic life uses.
This area is known as the Upper Arkansas River Basin and has been heavily
impacted by historic mining activity. They describe six essential steps in a
multidisciplinary basin approach to assessment and cleanup:

Define environmental system and general statement of goals

Data compilation

Environmental monitoring program

Describe environmental quality

Assess potentially attainable or undisturbed conditions (then re-evaluate
%.(l)r;a]lcs 2:ontarninant dynamics to receptor exposure and resource use constraints

Resource restoration - assessment and control process implementation
Goals attained - maintenance monitoring

A el ol S e

% N o

The approach used for the Upper Arkansas River Basin is comprehensive and
includes simulation modeling and long-term monitoring to assess the basin. This
seems to be a good assessment framework when resources are not very limited for
large complex mining sites where long-term assessment will definitely be required.

USEPA has also issued guidance and sponsored research regarding a variety of
quantitative and statistical methods for monitoring and assessment of different types
of water quality problems. Some components of these methods may be appropriate
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for IAM monitoring and assessment. USEPA sponsored a series of guidance
documents for design of routine water quality surveillance and data acquisition
systems using quantitative methods and a systems approach for pollution prevention
and abatement objectives. These studies emphasized the need for clear definition
of goals and objectives, the determination of sampling frequencies and locations
required for decision-making with a desirable degree of confidence in results, and
comparisons between grab sampling, automatic sampling, and remote sensing (NUS
Corporation, 1970; Beckers et al., 1972; Ward 1973). Grab sampling was generally
believed to be the most cost-effective method for most applications. Loftis and Ward
(1979) discussed statistical and economic considerations in regulatory water quality
monitoring networks, with an emphasis on determining sampling frequencies required
for desired confidence intervals (Cls) about the geometric mean of the data
considering seasonal variation and seasonal correlation.

With regard to general NPS pollution and stormwater monitoring and assessment,
USEPA has performed much work on developing methodologies for the study of
storm generated pollution including sampling, monitoring, and empirical analysis
methods for urban watersheds (Wullschleger et al., 1976); empirical loading functions
(McElroy et al, 1976); a mass balance procedure based on the USLE (Betz
Environmental Engineers, 1977); probability distributions of precipitation and related
runoff and pollutant loads (Hydroscience, 1979); probability sampling (Humenik et
al., 1980); and frequency analysis (Olsen and Wise, 1982). USEPA also performed
an investigation of NPS monitoring procedures used in western arid regions using
automatic sampling and physical, chemical, and biological monitoring techniques in
the White River, Utah, Oil Shale area (Kinney et al., 1982). The research concluded:
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° NPS monitoring should include physical, chemical, and biological components,
including flow, in an integrated fashion.

° Sampling frequencies should be maximized during periods of maximum
variability in water quality.

° Sources of input, including tributaries, are primary factors to consider in
determining the distribution of sampling sites.

° Automatic samplers do not perform well during freezing and thawing
conditions.
° Biological monitoring should be performed at least on a seasonal basis.

Mills et al. (1985) present some useful empirical and analytical methods
recommended by USEPA for estimating NPS pollution loads from a wide variety of
types of sources, including rural lands, as well as methods for estimating
concentrations in receiving waters. USEPA has developed a NPS monitoring and
evaluation guide that is a compilation of the lessons learned from various nonpoint
source programs to date (Dressing, 1987). This includes goals and objectives, water
resource considerations, data needs, monitoring recommendations, and data analysis.
Donigan and Huber (1991) review many empirical methods, as well as statistical and
simulation methods, for estimating NPS pollution in both urban and nonurban areas,
and discuss the required input parameters and rationale for their selection and use.

Over the years, USEPA and others have proposed using a watershed or
ecosystem approach to assessing and remediating NPS pollution problems (USEPA,
1975, 1977, 1991c; Warren, 1979; Lotspeich, 1980). The watershed approach is also
implied in the CWA by reference to an area-wide approach to pollution control.
This approach focuses primarily on three components:

L. grouping multiple NPSs together into a watershed or basin based on

geographic location and types of sources, receiving water areas, and
environmental problems
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2. identifying all potential sources within a watershed and targeting or
prioritizing these sites for detailed evaluation and remediation because of
limited resources

3. focusing on ecological receptors and systems being impacted by NPS pollution
as an indicator of overall and long-term (chronic) environmental impacts and
health

The third item leads to the proposition by USEPA of using more biological

monitoring and assessment methods and biocriteria to evaluate ecological impacts

to and health of the watershed or ecosystem (USEPA, 1977, 1983, 1990, 1992c).

Biological monitoring has the significant advantage over chemical monitoring of

being able to provide data for the evaluation of nontransient, long-term impacts to

and health of the system. Chemical-specific water quality data are generally
representative of the environment at the time they were collected (or shortly
preceding it), but may not necessarily provide enough information for the evaluation
of chronic problems. Changes in ecological systems revealed with biological
monitoring, however, such as the presence of fish or macroinvertebrate species and
population and habitat characteristics, tend to reflect the long-term impacts from
nonpoint sources of pollution. Therefore, evaluation of the impairment of designated
uses such as aquatic life or fishing, and the violations of water quality standards for
these uses, is critical in the effective assessment of NPS pollution in general and of

IAMs in particular since aquatic life is generally very sensitive to slightly elevated

metals concentrations. Biological monitoring or biomonitoring may be divided into

two categories: ecological surveys (biosurveys) and toxicity tests (bioassays) (Roop
and Hunsaker, 1985). Ecological surveys may use indicator species and ecological
community attributes and make comparisons between affected and control areas to

indicate the health of a water body relative to pollutant loadings. This is the same
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general type of method used in the use attainability analysis incorporating a water
body assessment discussed previously. Toxicity testing typically uses single indicator
species to determine acute and a variety of chronic effects.

The U.S. Geological Survey (USGS) has developed comprehensive methods for
the general study and interpretation of chemical characteristics of natural water that
are considered standard practice (Hem, 1985). They present methods to assess
accuracy and precision, determine ion ratios and water types, perform statistical
treatment, extrapolate water quality data, and use trilinear diagrams and other
graphical methods. The USGS also maintains large amounts of historical water
quality and hydrologic monitoring information through its network of gaging stations
in major rivers and streams across the U.S. in the database WATSTORE. Averett
(1976) has developed guidelines for the design of data programs and interpretive
projects, primarily for USGS personnel. He emphasizes that data analysis must "tell
a story" with the data in order to generate the information required to make effective
decisions.

The U.S. Bureau of Mines (USBM) is currently taking a leading role in
addressing the IAM problem. Much of the expertise is centered in the Spokane,
Washington office where a multidisciplinary staff is currently working on developing
methods for the inventorying, assessment, and remediation of IAMs, in particular the
East Fork Pine Creek Basin, Idaho (USBM, 1993). This basin is part of the larger
South Fork Coeur d’Alene River Basin where historic mining activities have left a
wide variety of waste sites. Other land uses that have adversely impacted the waters
of the basin and complicated the problem are forestry and agriculture (Mink and
Murrey, 1992). Downstream water quality problems in Coeur d’Alene Lake is a
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major issue in this area. The East Fork Pine Creek study is a cooperative effort
being performed by USBM, the State of Idaho Department of Environmental Quality
(IDEQ), the U.S. Bureau of Land Management (USBLM), and USEPA. USBM is
studying the East Fork Pine Creek Basin primarily because data gaps exist for this
basin relative to the rest of the South Fork Coeur d’Alene River Basin. The data
collection activities are documented in USBM (1992) and IDEQ (1992). The general
approach is to first collect as much potentially useable data as possible and then to
determine the data analysis methods after examining the data. Therefore, the data
analysis methods are undocumented at this time. Monitoring is being performed at
over 60 stations for dissolved and total metals, indicator parameters, and flow. Six
monitoring events have been implemented to date including monitoring during
snowmelt runoff, storm runoff, and baseflow. Sediment (bed material) sampling for
metals analyses and biological monitoring is being performed at a subset of these
stations. Groundwater and vadose zone water is also being monitored at several
locations. In addition, NPS waste materials are being sampled for geotechnical and
chemical analyses.

The U.S. Forest Service (USFS) is actively assessing IAMs within the National
Forest System. Their focus is the assessment and remediation of environmental and
water quality impacts caused by these sites (USFS, 1993; Schmidt, USFS, personal
communication, 1993). Under the Federal Facilities Compliance Act and CERCLA
(CERCLIS), USFS is required to inventory all potential hazardous waste sites on
USFS land. Some of the more serious sites will then undergo the PA and SI process
to assess sites with regard to inclusion on the NPL (Schmidt, USFS, personal
communication, 1993). Ponce has reviewed and summarized water quality data
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analysis methods (1980a) and water quality monitoring programs (1980b) for USFS.

The U.S. National Park Service (USNPS) began its inventory of IAMs because
of previous lawsuits and concern regarding future liability. Most of its efforts have
been directed towards remediating safety problems. Environmental problems are not
as much of a concern on lands administered by NPS (WGA, 1991).
3.3  State Agency Assessment Methods

The IAM inventorying and assessment approaches taken by each of the state
regulatory agencies are not consistent, and the management and information goals
of each different agency within a given state vary. Some states have been addressing
the IAM problem for many years while others have basically not addressed the
problem at all. For example, Wyoming is a large coal-producing state and as such,
has a complete inventory of its coal and noncoal IAMs (WGA, 1991). Although
Wyoming estimates that only approximately 15% of its IAMs remain to be
remediated, most of the IAM problems in the state are public health and safety
problems due to open shafts and adits. Colorado and Montana have also spent
considerable funds on IAM inventories and therefore have fairly complete
information. Other states, such as New Mexico and Utah, are only now starting to
inventory their IAMs and associated water quality problems, and many of these states
use historical mining data from USBM, USGS, and other national sources and data
bases as a starting point. The methods used for inventorying, as well as the quality
and quantity of the data collected, vary considerably from state to state. In some
states, several water quality samples are collected and analyzed to provide a
screening-level characterization of the water quality problems. Areas or volumes of
source waste materials may also be estimated, as well as waste samples collected.
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Other states have not located all of the sites to date. Only seven states throughout
the U.S. have performed noncoal field inventories because most states do not have
funds to adequately inventory IAMs (WGA, 1991). The inventorying costs can be
as high as over one million dollars in states such as Idaho and Montana. However,
field data are critical to achieving the desired level of confidence in the inventorying
and assessment process and in prioritizing sites for cleanup.

CDPHE Water Quality Control Division is implementing a NPS
demonstration program in the Upper Animas River Basin (above Silverton) in the
San Juan Mountains of southwestern Colorado as part of a grant received from
USEPA under Section 319 of the CWA. This basin was heavily mined for metals
over the last century and water quality has been impacted significantly in many
locations of the basin. CDPHE has prepared two planning documents for the study
and is in the initial stages of assessing the water quality problems in the basin
(CDPHE, 1992a, 1993a). The primary objective of the study is to locate and
estimate the magnitudes of potential metals loadings to the main stream segments.
Several secondary reasons have been identified for implementing this assessment in
the Upper Animas River Basin (Harvey, CDPHE, personal communication, 1993):

° Little data have been collected in the Upper Animas River Basin relative to
other basins and IAM sites within the state. Part of the reason for this may

be the relatively isolated location of the basin with regard to population
centers in the state. The study was implemented to fill in this data gap.

o Some observers believe that the water quality of the basin is degraded by
naturally-occurring high concentrations of metals in ores, and that the basin

and water quality cannot be remediated because of the naturally-occurring
metals and the severe impacts from extensive past mining. The study was
implemented to determine if these hypotheses were true.

° Initial funds for monitoring and assessment were provided by USEPA. If
these funds were not available, the study might not have been implemented.

43



This study has taken a synoptic approach to monitoring many sites throughout
the basin in a spatially intensive fashion to collect samples at locations in the
mainstem and main tributaries, draining known point sources and NPSs, bracketing
known or suspected NPS areas, bracketing main tributaries, and in background areas.
To date, four monitoring events have been implemented: one during spring snowmelt
(June, 1991), one during a summer storm (September, 1991), one during baseflow
(October, 1992), and one during the tail end of snowmelt (July, 1993). Analytes
include dissolved and total metals, indicator parameters, and flow. Biological
monitoring is also being performed at a subset of the monitoring stations at key
locations. Sediment has not been monitored to date. A mass balance approach, also
termed a NPS reach gain/loss analysis, is being used to assess potential metals
loadings to and losses from the system. There is no statistical design or basis for the
study. However, the potential or theoretical measurement variability or error of
instantaneous flow measurements and of metals analyses of grab samples is being
considered in the assessment process (CDPHE, 1993a).

Another good example of a state agency IAM assessment methodology is the
IDEQ study of the Coeur d’Alene River Basin being coordinated with USBM,
USBLM, and USEPA. As discussed previously, this basin, especially the South Fork
Coeur d’Alene River Basin, has been heavily impacted by past metal mining activities
as well as by forestry and agricultural activities. In conjunction with USBM, the
agency is focusing monitoring and assessment efforts on the East Fork Pine Creek
Basin where data gaps have been noted. A general monitoring plan has been
prepared by IDEQ (1992) for the study. IDEQ is using a general TMDL/WLA
approach to assess point source and NPS contaminant loadings and instream
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concentrations and to allocate BMP projects to NPS areas to reduce loadings to
Coeur d’Alene Lake to acceptable levels. The specific data analysis methodology
used by the state is undocumented at this time.

The states have developed designated beneficial use classifications and associated
narrative and numeric water quality standards for specific segments of water bodies
based on USEPA requirements and guidance (USEPA, 1983; CDPHE, 1991a). The
monitoring and assessment methodologies for determining if these standards and uses
are being met vary from state to state and depend on which regulatory program the
assessment is being conducted for. [Except for use classification, standards
development, and a few other specific programs for which USEPA provides required
monitoring and analysis procedures (such as stormwater or NPDES permitting and
compliance requirements), few detailed state guidelines or documentation exist on
specific monitoring or data analysis methods.

For the designated beneficial use classification and standards development
process for Colorado, 15 or more samples collected routinely or randomly over a year
or more period is considered sufficient, and the data should be representative of the
segment as a whole (CDPHE, 1992b). Although sampling multiple sites on the
mainstem is recommended, sampling tributaries is acceptable if the intention is to
determine if the tributary is similar to or different from the mainstem in terms of
water quality characteristics. For segments for which insufficient data are available
for classification or development of standards, federal table value standards (TVSs)
may be used, or additional data must be collected if TVSs are not deemed
applicable. Percentiles are calculated for all data used for a given stream segment
to determine ambient conditions and standards. If the computed ambient quality
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that is used for the stream standard exceeds TVSs, the data must represent natural
or uncontrollable anthropogenic conditions. For dissolved metals, the 85th percentile
of the available data defines the ambient level and standard, and for total or total
recoverable metals, the 50th percentile is used. These data are used for chronic
standards. For acute standards, the TVS must be used unless site-specific criteria are
developed based on toxicity tests. Where adequate flow-hardness data are collected
to perform a regression analysis, metals standards based on hardness are computed
using the hardness associated with the lower 95 percent confidence limit of the mean
hardness value at the low-flow criterion. Alternatively, where there is inadequate
flow-hardness data, standards may be computed using either the mean hardness for
the segment or representative regional hardness data where segment-specific
hardness data are lacking.
34  Other Assessment Efforts

This section discusses additional, related monitoring and assessment efforts and
studies conducted by others outside of the federal and state agencies and that are
part of general areas of study or application that are not necessarily required by any
regulations. Some of these general methods, however, do overlap or are
incorporated into some of the regulatory requirements. Some of these methods have
also been used at IAM or other mining sites. These approaches might be applicable
to or useful for the assessment of NPS pollution from IAMs.
34.1 Information Systems

The design of a water quality monitoring system and assessment methodology for
IAM sites that serves as an effective information system is a concept that may be
applied to best make use of limited resources. The information system approach,
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which involves clearly defining information goals as an integral element of the design
of the monitoring program and efficiently converting "data" into required
"information", has been discussed by Ward et al. (1990) for a wide variety of types
of water quality monitoring programs. Related to the information system approach,
Ward also discussed a "systems" approach to monitoring for effective water quality
management (1979). One of the most important features of these approaches is the
clear identification of management goals and specific information objectives for
reaching those goals. Ward et al. (1990) also emphasized the development of data
analysis protocols (DAPs) during the information system design phase to ensure a
rational and consistent approach to data analysis for each application and to provide
for review from and consensus among all interested parties on the data analysis
methods to be used to reach the information goals. Adkins (1993) used this
approach to present a framework for the development of DAPs for groundwater
monitoring programs.
342 Statistical Methods

Design of effective water quality monitoring systems for a wide range of
management goals has been discussed by Sanders et al. (1983) that emphasized a
statistical approach to design and data analysis. Statistical methods have also been
discussed by many others, including the general use of statistics in regulatory water
quality management (Ward and Loftis, 1983; Schweitzer and Black, 1985; Mar et al.,
1986; Ward and Loftis, 1986; Gilbert, 1987; Fisher et al., 1988; Valiela and Whitfield,
1989); appropriate sampling frequencies required to achieve reasonably small and
uniform confidence interval widths about means (Loftis and Ward, 1980; Dunnette,
1980); statistical models including probability distribution models, linear regression
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models, log-transformed regression models (typically used for contaminant
concentration distributions), and confidence intervals for probability models (Loftis
et al., 1983; Koch and Smillie, 1986). The effects of different temporal and spatial
scales of interest on water quality monitoring and data analysis were investigated and
discussed by Loftis et al. (1991). They concluded that an explicit consideration of
scale in the design of water quality monitoring programs and data analysis is very
important for generating the desired statistical information.
343 Empirical Methods

Much research has been performed concerning the development and application
of empirical or statistical modeling techniques for predicting NPS and stormwater
pollution loadings, especially in urban and agricultural environments. These are
typically considered planning or screening-level models and assessment
methodologies that are not too data intensive, complex, or costly for most state
regulatory agencies to apply. These approaches may be applicable to the screening-
level assessment of IAMs because the quantity of data required for complete
statistical analyses or simulation modeling that could be performed in later stages of
the assessment process are typically not available at this early stage. These methods
include the evaluation of pollutant loading/land use relationships in watersheds
(Ostry, 1982; Brown, 1988; and Richards, 1989); estimation of loadings based on
assumptions regarding population distributions (normal versus lognormal) and
correlations between concentration and discharge (Whitfield, 1982); regression
(Jewell and Adrian, 1982; Fannin et al., 1985; Hill, 1986); mass balance approaches
(Novotny et al., 1985); and the USLE for sediment (Dickenson et al., 1990).
Reckhow et al. (1985) provided a good summary of these empirical types of pollutant
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runoff models and their selection and use in the decision-making process. Marsalek
(1991) also provided a good review of methods for deriving planning-level estimates
for predicting pollutant loads in urban stormwater.
3.44 Risk Assessment

A risk-based approach to the environmental assessment process has been
emphasized by USEPA (1984, 1989a, 1992¢, 1992d) and others and may be effective
for assessing and targeting IAMs. Human health and ecological risk assessment is
required as part of the CERCLA process (USEPA, 1988a, 1988b, 1989a, 1989b).
Risks of adverse impacts to aquatic life are dependent on three primary factors:

1. concentration of the contaminant(s) that aquatic life are exposed to and
associated water quality effects of this concentration (exposure concentration)

2. frequency of exposure occurrence

3. duration of exposure occurrence

Therefore, one important phase of the risk assessment process is the exposure
assessment, whereby contaminant loadings, concentrations, and exposure are
estimated in terms of probability. Exposure assessment typically involves developing
a frequency distribution of observed or modeled contaminant loadings or
concentrations and evaluating the associated risk of exceeding water quality
(especially aquatic) criteria, as well as evaluating the risk of exposure to human or
ecological receptors. This allows estimates of uncertainty to be made explicitly as
part of the risk assessment process. Risk and exposure assessment is also very useful
for targeting the worst source or impacted areas instead of attempting to evaluate
and remediate all areas with limited resources. Risks of the greatest contaminant

loadings may typically be associated with storm and snowmelt runoff events in the
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high altitude areas where most IAMs are located. Alternatively, risks of the highest
concentrations may be associated with baseflows when dilution is at a minimum.
This approach explicitly considers the probability of occurrences of these types of
events and the uncertainties associated with them. Evaluation of uncertainty allows
an estimate of confidence in the data, in the information derived from the monitoring
program, and in the decisions made regarding further assessment and remediation.
These methods include evaluation of stream standard violations by estimating
cumulative density functions (cdfs) using observed data and confidence limits about
the cdfs based on normal and nonparametric models (Loftis and Ward, 1981); use
of lognormal models (Page and Greenberg, 1982; Di Toro, 1984); Monte Carlo
simulation techniques (Haith, 1985, 1987a, 1987b; Marr and Canale, 1988);
applications to environmental impact assessment (Suter et al, 1987); and
probabilistic evaluation of source-to-stream loading and downstream fluvial transport
and attenuation (Phillips, 1989).
345 High Altitude Environments

A considerable amount of work has been performed on assessment of the
hydrology and water quality of mountain and high altitude environments. Jarret
(1990) provided a good summary of hydrologic and hydraulic research in mountain
rivers, emphasizing that standard hydrologic methods may provide erroneous results
when applied to mountain environments due to the heterogeneity of terrain and
basin characteristics in these watersheds. Work has been performed on the
relationships between stream discharge, chemical loadings, and other watershed
characteristics (Lewis and Grant, 1979; Vitek et al., 1981); hydrochemical balances
(Stednick, 1981; Baron and Bricker, 1987; and Williams and Melack, 1991); and
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regression models (Singh and Kalra, 1984).
3.4.6 Mining

Work that has been performed specifically on the assessment of mining sites
includes development of simplified stream models of AMD drainage effects using
mass balance approaches (Chadderton, 1979); evaluation of adverse impacts of
erosion and sedimentation from mining activities on water quality using sediment and
biological monitoring techniques (Duda and Penrose, 1980); watershed planning for
AMD abatement using mapping techniques (Ferguson, 1985); control of NPS
pollution from mine spoils (Evangelcu and Thom, 1985); and gold mining effects on
the hydrology and water quality of streams (Bjerklie and LaPerriere, 1985 and
LaPerriere et al., 1985). Mining-related NPS pollution was also discussed in general
terms by Cohen and Gorman (1991).
3.4.7 Metals

With regard to assessment methods for general metals pollution, work has
included general metal monitoring and geochemistry (Latimer et al., 1988) and
evaluation of spatial trends and sorption processes of trace metals in sediment
from an urban watershed (Combest, 1991). This work found that spatial trends may
indicate either differences in metal inputs or differences in sediment sorption
processes. This has significant implications for confidence in decisions regarding
loadings to a stream segment and targeting remediation.
3.4.8 Sediment

Much work has been performed on the assessment of erosion and sediment
transport, including delivery of suspended sediment and particulate pollutants from
NPSs during overland flow (Novotny, 1980) and soil loss from precipitation on
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mountain land including using the USLE (Hart, 1981) It was found that (1) low
intensity storms of short duration on dry soils produce such small soil loss that these
events are insignificant, (2) antecedent soil moisture must be considered because it
affects surface runoff (the most important cause of sediment transport), and (3)
length-slope factors on slopes greater than 20% may need further evaluation.
349 Biological Methods

Much work has been performed recently regarding general biological assessment
methods, including evaluating relationships among observed metal concentrations,
criteria, and benthic community structural responses in streams (LaPoint et al., 1984)
and biomonitoring for toxics control in NPDES permitting for complex effluents
(Roop and Hunsaker, 1985). It has been concluded that a combination of
biomonitoring and bioassays of benthic fauna during seasonal or critical flow periods
provided good information for evaluation of long-term general water quality and
metals contamination. The advantages of ecological monitoring and toxicity testing
for complex effluents and measuring whole effluent toxicity (WET) relative to
standard chemical-specific monitoring have been emphasized.
34.10 Synoptic Methods

Research has also been performed on fixed stations versus intensive surveys for

monitoring water quality (van Belle and Hughes, 1983). These researchers concluded

that:

° Intensive surveys are effective for studying short-term fluctuations in water
quality, the relationships of these fluctuations to other hydrologic phenomena,
and cause-effect relationships of pollutants.

° Estimates of water quality derived from networks selected by non-probabilistic

means may generate biased estimates of absolute water quality, but can give
valid estimates of trends with less variability.

52



Messer et al. (1988) examined the feasibility of a regional probability-based synoptic
sampling approach to study stream chemistry, concluding that week-to-week
variations in concentrations of key chemical parameters during the spring did not
appreciably affect the estimated population distributions and stream classifications,
but differences were observed between spring and summer.
34.11 Geographic Information Systems

Several authors have used geographic information systems (GISs) or similar
technology to aid in identifying and evaluating NPS pollution contributing areas
(Gilliland and Baxter-Potter, 1987; Berry and Sailor, 1987). This technology is
especially useful for spatial data input and management, linking with watershed or
water quality models, and generation of maps that can be used to evaluate NPS
pollution sources and impacts and for presentation.
34.12 Standards

Research on assessment methods with regard to determining appropriate water
quality standards has included alternative approaches to developing standards and
assessing biotic impacts of wastewater effluents in relation to these standards (Lee
et al, 1982a, 1982b); statistical bases for problems with typical methods used to
develop standards and to identify NPDES permit violations (Herricks et al., 1985);
and regulating NPS pollution using the TMDL/WLA and permitting process in
conjunction with consortia made up of all potential parties responsible for NPS
pollution for targeting problems that have the greatest opportunities for risk

reduction (Foran et al., 1991).
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3.5 Summary

The extensive evaluation in this chapter has shown that there are no federal
regulations that explicitly address the vast majority of IAMs. In addition, the
assessment methods used by federal agencies, as well as the state agency and other
assessment methods, also do not explicitly address the majority of these sites. It is
apparent that the biggest problem is that there is no single method that
comprehensively addresses IAMs with regard to targeting, especially on a watershed
scale. Significant weaknesses in the methods that have been or are currently used
include:

° information goals are not explicitly defined prior to the data collection and
analysis activities

° too costly or data intensive given very limited resources and data

° not effective or efficient with regard to deriving as much of the required
information for targeting or prioritizing sites for remediation as possible from
the available data

° too narrowly focused with regard to the types or spatial scale of information
required for targeting

° derive too much information that is not initially required for targeting

o do not provide data or information that are consistent or comparable among
sites or agencies

° do not incorporate a risk-based approach for targeting

° do not consider or attempt to minimize the uncertainty associated with the
data and information derived from the assessment

The importance of these problems is discussed in more detail in the next chapter
with regard to defining specific management goals and assessment information goals
for IAMs. The methodology developed as part of this study will attempt to overcome

all or most of these shortcomings.
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40 INACTIVE AND ABANDONED MINE MANAGEMENT GOALS AND
INFORMATION GOALS FOR TARGETING

This chapter defines generalized, primary IAM management goals common to
most agencies. JAM management goals are useful because regulatory information
goals generally cannot be identified for these sites. These management goals are
then used to formulate common and clearly stated water quality assessment
information goals for IAMs. Specific quantitative information goals for the
assessment methodology are then defined based on the assessment information goals.
4.1 IAM Management Goals

The overall, primary management goals for IAMs must be clearly defined before
resources are allocated to assess and remediate these sites and before assessment
information goals can be defined (Parsons, CDPHE, personal communication, 1993).
As discussed in the previous chapter, no specific federal regulations for controlling
pollution address the vast majority of IAMs, and a national program for management
of these sites does not currently exist. Management goals, therefore, vary
considerably among agencies and states and clearly defined overall management
goals for the majority of these sites do not exist (WGA, 1991). The fact that IAM
land ownership is highly variable complicates the management goals and approaches
considerably. However, some commonalities in IAM management goals do exist
among agencies. These common goals can be defined and generalized to formulate

primary IAM management goals that provide the basis for defining associated
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assessment information goals. Management goals that are somewhat more specific
for individual sites can also be defined by agencies later on a site-specific basis that
take into consideration the various and unique environmental and socioeconomic
characteristics of each site. Future generalized national IAM management goals
might also help frame these site-specific management goals.

In order to define overall IAM management goals and information goals, a
comprehensive literature review was performed and extensive discussions were held
with key individuals with organizations involved with IAM assessment and
management. The following individuals and organizations provided guidance on
identification of management and information goals and review and comment on the
goals identified:

° USEPA Region VIII - Rob Walline (National Mining Expert) and Carol
Russell (NPS Group)

o CDPHE Water Quality Control Division - Greg Parsons (Head of NPS Unit)
and Bob Owen (Standards Unit)

° Colorado Department of Natural Resources (CDNR) Division of Minerals
and Geology - Dave Bucknam (Head)

L Colorado Center for Environmental Management (CCEM) - Gary Broetzman
(IAM Project Manager)

These individuals and organizations represent a cross-section of those involved with
IAM assessment and management; one federal agency, one state agency responsible
for water quality protection, one state agency responsible for IAM remediation, and
one independent organization creating a forum for IAM management issues.
CCEM has prepared a blueprint for the effective management and cleanup of
IAMs (CCEM, 1993). This blueprint builds on information and recommendations

presented in the WGA report (1991) and includes many key elements for the
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effective management of these sites. Many of these key elements have also been

recommended by others involved with IAM management and NPS pollution control

(Broetzman, CCEM, personal communication, 1993; Walline, USEPA, personal

communication, 1993; Parsons, CDPHE, personal communication, 1993; CDPHE,

1993a; Colorado Department of Natural Resources, 1982). The recommended key

elements of an effective IAM management approach are as follows:

states should have the primary responsibility for management of IAM waste
sites (due to significant differences in the scope and characteristics of the

problems among states) with support, technical guidance, and significant
funding from the federal government

environmental cleanup goals, especially water quality improvement and
restoration of aquatic life, (including risk-based information) that are

somewhat site-specific should be used as the basis for defining cleanup actions

cleanup goals should be integrated with prevailing environmental regulatory
requirements where feasible

collaborative decision-making should be used through broad stakeholder
involvement and formulation of Memoranda of Understanding among all

interests to enhance public support and probability of success for remediation

a system should be developed for identifying, ranking, and selecting
(targeting) geographic priority areas (generally watersheds)

a state-wide inventory of IAM problems and needs should be developed and
conducted in a consistent manner with state criteria or national criteria where

federal funding is involved

overall criteria or methodologies for area-specific analyses should be
formulated utilizing public involvement and a citizens board for problem

definition, setting cleanup goals, collecting baseline information, identifying
remedial actions, and integrating with cleanup actions for other sources of
contamination

a phased approach to assessment should be used, thereby using limited
resources in an efficient manner for areas or sites of concern only when
required

the uncertainty or confidence associated with the information derived from
the assessment process and with subsequent management decisions that are
based on this information should be considered
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the potential remining of some sites should be considered

the maintenance of historic structures associated with IAM sites that are of
considerable historic, archaeologic, and/or economic (tourism) interest should

be considered

economic benefits to a geographic area should be considered, such as
increasing the public value of a water body and recreational or tourism

opportunities, or providing local jobs associated with remediation

phased remedial actions that enable cleanup to proceed according to
availability of funds should be used

the feasibility and demonstration value of remediation technologies should be
considered

preference should be given to certain types of remedial technologies, such as
passive treatment and/or low maintenance technologies to reduce long-term

costs, and the costs/benefits of alternatives should be considered

the aesthetic values of mining areas should be considered

the compatibility of post remediation land use with surrounding existing or
future land uses should be considered

land ownership of potential remediation areas should be considered

consideration of any adverse impacts to people or the environment that might
occur during or after remediation and of uncorrected conditions, if any, that

will continue to exist after remediation

Some of the key elements of an overall management goal or effective

management approach listed above impact the definition of specific assessment

information goals. These key elements are discussed in subsequent subsections as

follows:

water quality management goals
risk-based approach

geographic approach

consistent methodology
targeting

In addition, the next section on information goals (Section 4.2) discusses a phased

approach to assessment and the uncertainty associated with the information derived
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from assessment.

It is generally recognized that overall IAM management goals cannot be easily
separated from general water quality management goals in most cases (Walline,
USEPA, personal communication, 1994). If IAMs were not adversely impacting
water bodies, many of them would not need to be remediated. Overall management
goals for IAMs, therefore, are consistent with management goals for many other
sources of NPS pollution. For IAMs, however, two primary management goals can
be defined. One of these goals is to reduce the public safety hazards, especially the
extreme hazards, associated with these sites by closing openings at the mines. This
is the primary focus of most state abandoned mine reclamation programs funded
under SMCRA. Although it could be cost effective to address these public safety
hazards in conjunction with addressing water quality problems at some sites, the
management of these sites in relation to water quality management is the focus of
this study.

4.1.1 Water Quality Management Goals

The second primary goal for the management of IAMs is to reduce contaminant
(metals, acidity, and sediment) loadings from these sites to water bodies for which
designated or attainable beneficial uses (primarily aquatic life) are not being
achieved in order to accomplish the following:

1. Attain the designated uses of those stream segments for which the designated
uses are not being achieved, or

2. upgrade the existing uses to the attainable uses of those stream segments for
which the attainable uses are not being achieved.

The reduction in contaminant loadings will be accomplished by remediating
contaminant sources (i.e., I[AMs) targeted as critical areas.

59



Several organizations involved with the management of IAMs recommend that
IAM cleanup, environmental, or water quality goals should be site-specific and not
necessarily regulatory driven because some of the existing numeric standards cannot
be met given existing resources and reasonable timeframes (or at all) (CCEM, 1993;
CDPHE, 1993a; WGA, 1991). The fact that a numeric standard cannot be met
should not prevent the implementation of an IAM remediation project if substantial
benefits can be recognized. In many cases existing designated beneficial uses and
associated numeric standards are not necessarily appropriate for a given water body
and/or were not established using optimal methods. Management goals based on
these uses and standards, therefore, might not be suitable for achieving the desired
benefits. Consequently, water quality goals should be site-specific, realistic, and
clearly defined using optimal methods as part of the definition of IAM management
goals.

Many water quality goals are based on aquatic life uses. These are considered
environmentally-based goals, and are an important part of an ecosystem approach to
IAM management. Restoration of fish habitat and populations is one of the primary
water quality goals for many receiving water bodies impacted by [AMs. Restoration
of other beneficial uses is also an important water quality goal. The designated use
or the use attainability of a stream segment should be considered the primary water
quality goal. This goal, however, cannot always be achieved without an exorbitant
amount of resources and time. If this water quality goal cannot be met, a secondary
or interim goal can be defined (this is sometimes allowed by USEPA). This goal can
be a different beneficial use that can be achieved in a reasonable timeframe with
existing resources, or a partial achievement of the designated or attainable use.
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These goals should be defined on a case by case basis. A use attainability analysis
can be performed for high priority stream segments to define the appropriate primary
water quality goals.

Associated with each attainable use are numeric water quality standards for
metals. These numeric standards can be based on ambient conditions, TVSs as
defined by USEPA, or site-specific maximum (target) concentrations determined
using toxicity tests for the project area. Regardless of the specific water quality goal
or attainable use, an associated numeric standard or concentration should be defined
for each priority stream segment that is required to attain and maintain the use.
These concentrations can be defined on a seasonal basis, thereby reflecting critical
conditions impacting the attainable use.

Once the target concentrations of critical metals and other constituents required
to support the use have been defined, the maximum loading to the water body and
the reduction in loadings during the critical period that are required to achieve the
concentration can be determined. This generally must be accomplished using
mathematical modeling techniques, such as those used to determine TMDLs for
WLAs for point source controls. This task can generally be performed after the
screening-level assessment phase for those segments and sites targeted for more
detailed assessment and/or remediation.

4.12 Risk-based Approach

Some organizations (CCEM, 1993) recommend using an environmental risk-based
approach for defining cleanup goals and managing these sites. This approach has
been recommended for many areas of toxics control and environmental management
(USEPA, 1984, 1992¢, 1992d). Human health and ecological risk assessment and
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management is used extensively to define cleanup goals and as the basis for making
remedial decisions for Superfund sites (USEPA, 1988a, 1988b, 1989a, 1989b). The
environmental risk-based approach is based on estimating the probability or
frequency of occurrence of some detrimental impact to ecological receptors.
Comparison of these risks provides a quantitative basis to compare and prioritize
IAMs or water bodies beyond simple comparisons of average or total values. It also
provides an explicit measure of the uncertainty associated with estimates of loadings
and concentrations to provide estimates of the confidence in the data, in information
derived from the data, and in the decisions regarding targeting sites for more detailed
evaluation and/or remediation.

The risk-based approach might be somewhat difficult to implement at many [AM
waste sites given the general lack of adequate data for an individual site based on
typical synoptic or quarterly monitoring over only a relatively short period (often one
year). Some type of modeling, therefore, is often employed to enhance the data and
perform risk assessment at Superfund sites.

4.1.3 Geographic Approach

Many organizations involved in the management of IAMs recommend an area-
wide, geographic, watershed, or ecosystem approach to the management of these sites
and associated impacted water bodies (USEPA, 1975, 1977, 1991c; Warren, 1979,
Lotspeich, 1980; Maas et al., 1987; WGA, 1991; CCEM, 1993). This approach is
recommended for NPS pollution control in general and is implicit in the CWA by
reference to an area-wide approach to pollution control. The majority of IAMs are
in close proximity to each other and have similar types of sources or receiving water
quality problems in historic mining districts. These may be considered multiple sites
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or source areas within a given watershed and are very amenable to management
based on a watershed or ecosystem approach. Grouping sites together on a
geographic or watershed basis can allow easier and more cost effective analysis and

remediation. A geographic approach requires the following (CCEM, 1993):

° identification of the geographic area
o characterization of the environmental quality within the geographic area
° identification of all sources of pollution contributing to the degradation of the

geographic area

® characterization of the pollution loading from those sources
® determination of the methods and cost of controlling pollution for the sources
° identification of private and public programs and funds available for the

cleanup of the geographic area

° determination of the benefit derived from cleanup of IAMs within the
geographic area

° establishment of a decision body responsible for the authorizing funds for the
cleanup of IAMs within the geographic area, including defining the conditions

to be met to make funds available

Grouping sites together on a geographic or watershed basis can generally be
performed after the inventory but before the screening-level assessment. The
screening-level assessment, therefore, would then be performed based on the
geographic areas of concern. Information from the inventory (field reconnaissance)
and USGS topographic maps can be used to delineate areas or watersheds based on
the following criteria:
L geographic location

o type of mine, metals contamination problems, and other environmental
impacts (such as type of use impairment)

L subbasin physical and ecological characteristics (homogeneity)
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° jurisdiction and other socioeconomic factors

® affected water bodies or stream segments, designated beneficial use
classifications, and potential exposure points

An alternative approach is to first select priority stream segments, perform
screening-level assessment within the segment to identify subbasins that are
potentially loading significant quantities of metals to the segment, and then perform
inventories in those subbasins to derive data and preliminary information on specific
source areas within the geographic area. This approach might save money by
inventorying only those sites that appear to be significant sources of metals to the
segment of concern, rather than inventorying all sites initially, as is typically done in
the initial phases of identifying public safety hazards.

4.14 Consistent Methodology

Many organizations recommend a standardized or consistent methodology for
data collection and analysis and use of consistent and comparable information among
sites in order to effectively evaluate and manage these sites and allocate limited
resources with a reasonable level of confidence (WGA, 1991; CCEM, 1993). WGA
(1991) states that future inventory and assessment work requires well thought out
instructions, consistent standards, and coordination among agencies conducting such
work. If effective ranking and prioritization or targeting sites for remediation is
desired (as discussed later), information derived from the sites must be comparable.
If comparisons are to be made among information and sites, the information must
be consistent and obtained using somewhat standardized or consistent methods. This
is why a standardized assessment methodology or protocol based on well-defined

information goals can be very useful. The term "protocol" as used in this study, as
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well as the advantages of a protocol, have been discussed by Adkins (1993).
Several other important reasons exist for using a consistent assessment methodology.
Federal funds can be allocated to states or agencies based on the extent of the IAM
problem. At the other extreme, liability (such as Superfund) can also be based on
the extent of contamination. Some results, therefore, might be skewed in order to
receive more federal funding or to minimize liability. A standardized methodology
would also reduce duplication of work and save money in the long-term because each
state or agency would not have to develop a new procedure each time an assessment
is performed or a program is implemented. A consistent methodology would also
yield a credible assessment for defining a national problem important for legislature
and national public policy purposes. It would also provide a baseline for eventually
analyzing cleanup progress.
4.15 Targeting

Prioritizing or "targeting" IAMs or areas for remediation has been recommended
by many organizations and will probably be one of the primary components of the
effective management of these sites (WGA, 1991; CCEM, 1993). The targeting
concept is central to the comprehensive State Clean Water Strategies (SCWS) and
has been recommended by USEPA as the best management approach for controlling
NPS pollution in general (Maas et al, 1987). Targeting has been used very
successfully in agricultural NPS control programs under the RCWP to identify and
rank priority water bodies and critical areas and select areas for remediation that will
provide the maximum visible improvement and beneficial uses for the public, given
limited financial and human resources to address all of the NPS problems. Achieving
maximum visible benefit is critical for obtaining broad public support for NPS control
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projects. Targeting or priority ranking has the following advantages (Maas et al.,

1987):

° aids in achieving the greatest public benefit given limited resources
] helps build consensus on priorities

° based on water quality and socioeconomic considerations

°

helps organization and interpretation of data

Theoretically, some states or agencies might be required to address all of their
IAMs or receiving waters for which beneficial uses are not being achieved. Other
states might only address specific areas or receiving waters of special concern or of
the highest beneficial use that have the most potential to be remediated. In either
case, however, some form of targeting will be required. Even for those states or
agencies that must eventually remediate all of their sites, a prioritization scheme
must be employed initially because they cannot address all problems at once.

Targeting in watersheds implicitly involves the collection of baseline data and
derivation of baseline information on water resources and the associated watersheds.
For many of these IAMs, no data have been collected to date (except for possibly
limited data collected during the inventory phase). This baseline information,
therefore, is critical for making future management decisions regarding more detailed
assessment and/or remediation of these areas. The baseline information also
provides for the later quantitative evaluation of the effectiveness of IAM remediation
and NPS control projects after they have been implemented.

Targeting is based on using specific criteria to designate and rank priority water
bodies or critical areas. This requires certain types of information and making
comparisons among this information. Many information goals, therefore, can be

defined in terms of targeting requirements. These targeting requirements and
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information goals should be defined prior to the actual assessment. Methodologies
for targeting have generally been developed and used more often for lakes than for
streams, and use of biological, as well as chemical, indices is recommended.

Maas et al. (1987), as part of a USEPA guidance document, describe three levels

of targeting or setting priorities for NPS control:

1. national and regional water resource priorities
2. priorities at the state level
3. priorities at the watershed level

National and regional water resource priorities are those water resources of national,
regional, and/or interstate concern and interest, and should be defined first. State-
level targeting generally refers to priority ranking of water resources (water bodies)
for treatment, and should generally be performed in conjunction with or after
national and regional targeting. Most states use the following criteria for ranking
and targeting water bodies for restoration (Adler and Smolen, 1989):

severity or threat of impairment (public health and environmental)

public value of the water body

resolvability of NPS impairment
availability and quality of assessment information

b N

Targeting critical areas at the watershed level involves identifying the
predominant pollutant sources, prioritizing the sources, and first treating those
sources that contribute most to the stream segment impairment identified at the state
level. Targeting at the watershed level can be based on four criteria as follows
(Maas et al., 1987):
type and severity of water resource impairment
source magnitude considerations

transport considerations
project specific criteria and goals (including socioeconomics)

el A S
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These state- and watershed-level criteria can be considered general types of
information that can be used for targeting sites. More specific information for each
criterion is discussed in subsequent sections.

Targeting involves making comparisons among these criteria or information
derived from different source areas and/or stream segments, and then ranking and
selecting those areas that are worst (critical) and/or have the most potential to be
remediated. The comparison, ranking, and selection process should be quantitative
in order to make management decisions with an acceptable level of confidence.
Based on the criteria identified above, targeting for remediation of JAM waste areas
can include comparing information on and selecting different types of populations
within a geographic area. These populations are dependent on the scale or
geographic area of interest and are illustrated schematically in Figure 4.1. These
populations can be defined as follows:

Individual point - An individual point is a station monitoring drainage from an
individual source, a subbasin, or a watershed, or a monitoring station within a stream
segment. Although targeting an individual point is not common, in some cases it
might be appropriate if it drains a point source or is a location in a stream segment
of special concern.

Stream segment - A stream segment is a stream reach of any length for which inputs
of metals occurs from sources, subbasins, and watersheds and that discharges to
another stream reach of the same or higher order. A stream segment can be entirely
within, partially within, or at the outlet of a subbasin or watershed. A stream
segment can have one or more monitoring stations located within it (possibly
bracketing a source area). A stream segment is often defined for management
purposes by its designated beneficial use classification and associated water quality
standards. The stream segment is the receiving water of interest that forms the
aquatic ecological system impacted by metals loadings and concentrations.
Individual source - An individual source can be an individual point source or a NPS
area consisting of waste rock, tailings, or some type disturbed area for which metals
might be leached from and transported and input to a stream segment. An

individual source might have stations monitoring its drainage directly or bracketing
it.
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Figure 4.1. Schematic representation of an IAM watershed and different
spatial scales of interest
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Type of source - A type of source is an aggregation of sources that are similar in
nature, such as all point sources, all NPSs, or all background sources that might be
contributing metals to a stream segment.

Subbasin - A subbasin is an area contributing drainage and metals to a given
monitoring station within a stream segment. A first order subbasin is defined as an
area contributing to a monitoring station where no other monitoring stations exist

upstream or where one or more adjacent upstream monitoring stations form the
upstream boundary of the subbasin. A subbasin can entirely or partially contain one
or more stream segments, and discharges to a stream segment of the same or higher
order.

Watershed - A watershed is an area contributing to a monitoring station that
generally includes multiple monitoring stations and subbasins (although theoretically,
a watershed with only one station at the mouth may also be considered a subbasin).
A watershed may have one or more stream segments entirely or partially within it,
and discharges to another stream segment of the same or higher order.

Based on these definitions of geographic and spatial scales of interest, targeting
IAMs can include comparing information on and selecting the following types of
populations:

° stream segments based on:
- impairment of designated uses

- ambient water quality (chemical concentrations and/or existing uses)
- magnitude of loadings to segment
- use attainability

o individual sources based on:
- location of loadings relative to stream segment of concern

- magnitude of loadings

° types of sources (i.e., all background sources, point sources, and/or NPSs)
based on:

- locations of loadings relative to stream segment of concern
- magnitude of loadings

® subbasins based on:
- location of loadings relative to downstream segment of concern

- magnitude of loadings from all first order subbasins to stream segment
of concern
- magnitude of loadings

® watersheds based on:
- location of loadings relative to downstream segment of concern
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- magnitude of loadings from outlet

4.2  Information Goals

Well-defined information goals are required for the development of an effective
assessment methodology and attainment of overall management goals (Ward et al.,
1990). Information goals, however, can only be defined after overall IAM
management goals are defined, and must be formulated based on these management
goals and targeting criteria. WGA states that future inventory and assessment work
requires well thought out goals (WGA, 1991). As stated above, information should
be somewhat consistent and comparable among sites for the effective targeting and
management of these sites. One of the key questions regarding information required
for the management of these sites is: "At a minimum, what kind of information and
how much information is required to make management decisions with a reasonable
degree of confidence?" Too much or the wrong kind of information results in
inefficient use of limited resources. Not enough or the wrong kind of information
results in an unreasonable amount of uncertainty associated with the information and
subsequent management decisions, as well as making wrong decisions.

Information goals can generally be divided into three categories (Adkins, 1993):

1. regulatory information goals
2. monitoring or assessment information goals
3. statistical or quantitative information goals

Regulatory information goals are usually implied in somewhat vague regulations that
require some interpretation. Because no specific federal environmental regulations
currently address the vast majority of IAMs, these will not be considered directly.
Assessment information goals may be defined as qualitative statements which
describe specific information expectations of the assessment program. These are
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typically more specific than the regulatory information goals, but do not necessarily
have to correspond to regulatory goals. Lastly, quantitative information goals are
complete and specific statements that explain the quantitative (and statistical) intent.
These goals should directly reflect the identified assessment information goals.

Another type of information goal that could be considered in addition to the
three types discussed above is public information goals (Parsons, CDH, personal
communication, 1994). Public information goals are those types of information that
are presented to the public, especially local citizens, to gain their support and
participation in the JAM management process. These types of information goals can
include those defined above, but may emphasize certain types of information such
as local economic impacts from existing environmental degradation, costs of
remediation, benefits of remediation, etc.

The identification of information goals is complicated by the fact that (1) no
specific regulations are currently in place and no clear regulatory information goals
can be defined for IAMs that can be easily translated into specific assessment and
quantitative information goals and (2) information goals can vary significantly among
agencies depending on the specific management goals of each agency. This is why
it is very important to first define overall management goals and targeting criteria for
IAMs. Based on common management goals, some common, general assessment
information goals for targeting can be defined for these sites. Specific quantitative
information goals can then be identified for each assessment information goal.
4.2.1 Assessment Phases

Four primary phases of assessment as part of the effective management of IAMs
can be defined as follows:
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L. inventory

2. screening- or planning-level assessment for targeting sites for later detailed
assessment and remediation

3. detailed assessment for remediation

4, long-term maintenance monitoring and assessment to evaluate effectiveness
of remediation

Information goals can be defined for each of these phases. General information
goals for the four phases are discussed in the following sections. This research
focuses on the second phase, screening-level assessment for targeting. Specific
information goals for this phase are discussed in detail in Section 4.2.2.
42.1.1 Inventory

The first general information goal for the initial management of IAMs is to
determine whether a problem exists and to define the extent of the problem. This
is part of the initial phase of the collection of very general baseline data and
information. The number, locations, and general types of sites and associated water
quality problems must be identified. The effective inventorying of IAMs is critical
to achieving this goal. Inventorying has traditionally been performed to identify,
locate, and qualitatively describe IAMs that might present public safety problems or
hazards, such as open shafts. Inventorying, therefore, is the first step in the
assessment process to address public safety hazards. Inventorying might also be the
first step in the case of some water quality assessments if it can be used to identify
potential source areas related to water quality concerns. In many cases, however,
another approach might be more appropriate. As discussed previously in using a
geographic approach to management, water quality concerns in priority stream
segments can first be defined and the inventorying then performed in the specific

73



subbasins and watershed contributing metals to the water body.

One of the first steps in the inventorying process is to identify sites using USBM,
USGS, USBLM, and state mining agency historical records regarding mining claims,
permits, and extraction operations. Historical information may include types of
metals mined or characteristic of the area; numbers, types and sizes of
extraction/milling operations; and other physical and operational characteristics of
each site (USEPA, 1977; USBM, 1993). USGS topographic maps, land ownership
and use maps, and historical and current aerial photographs are also very useful for
identifying potential sites.

Field reconnaissance should also be performed to confirm historical, map, and
aerial photo information and to provide many types of important information that
cannot be derived from these sources alone. Information regarding locations and
proximity of nearby receiving surface waters is needed. The number and
approximate sizes of streams, impoundments, and other surface water bodies in the
vicinity of an IAM is required. This information includes visual estimates of physical
characteristics including average channel cross-sectional areas, flowrates, and/or
volumes of these features. If obvious seeps, point sources, or other pollutant releases
are in the vicinity, their locations and estimated flowrates is very useful information.
Visual observations of potential contamination or environmental disturbances are
also required. These may include signs of fish kills or lack of aquatic life,
devegetated areas and other terrestrial and riparian vegetation impacts, discoloration
of and precipitates in water, and areas of erosion and sedimentation in upland areas

and in stream channels.
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Any previous water quality samples or flow data that have been collected
certainly provide important information. This may include the number and locations
of samples collected or flow estimates, the date of data collection, and the results of
the previous water quality analyses and flow estimation. Information on locations,
estimated areas and volumes, and composition of obvious waste source areas (such
as tailings and waste rock) is also needed. Composition includes any chemical and
physical characteristics from previous data or field observations, or preferably, from
limited sampling conducted during the inventory. All of this information should be
recorded in field logbooks and appropriate forms and delineated on USGS or more
detailed topographic maps of the site. A computerized database for all inventory
data and information should also be developed.

4212 Screening-level Assessment for Targeting

The second phase of the IAM assessment process is the screening-level
assessment for targeting critical areas for further more detailed study and/or
remediation. The information goals for this phase can be generally defined by the
information required for targeting. The screening-level assessment can be considered
a continuation of the inventory in that more detailed baseline data and information
are collected and evaluated. This screening-level assessment for targeting is the
focus of this study. Specific information goals for this phase are discussed in detail
in Section 4.2.2.

4213 Detailed Assessment for Remediation

The third phase of the IAM assessment process that is sometimes required is a
detailed assessment of priority sites for evaluation of potential remedial alternatives
and engineering design. This type of assessment builds upon data collected
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previously as part of the inventory and screening-level assessment. Typically,
however, more data are collected as part of this process that are specific to meet the
information requirements for remediation purposes. More detailed statistical and
quantitative analysis of the data from specific points of interest is possible given a
larger data set and might be useful for design purposes. Deterministic or continuous
simulation modeling for flows and water quality is sometimes used to evaluate
potential changes in the flow regime and loadings due to specific remedial activities.
Source areas, such as tailings, waste piles, adits, and disturbed land, and loadings and
influent to a remedial system might be evaluated in detail in order to design the
system and estimate its operational parameters. The theoretical reduction in source
loadings, instream concentrations, and risk resulting from implementation of the
system might be predicted quantitatively. These reductions are some of the primary
factors that determine the effectiveness of the system. The reduction in external
source loadings in most cases, however, will not provide immediate signs of success
in restoring the water body because large quantities of metals are typically adsorbed
or precipitated in the stream bed that will redissolve or otherwise be transported
downstream for many years. Other factors that determine the effectiveness of the
system might include low maintenance requirements, permanence, low cost, minimal
waste generated, demonstration value, etc. The timeframe for risk reduction and
system restoration might also be modeled and evaluated to select and design the best
system. Methods discussed by Willingham and Medine (1992) might be useful for

the detailed assessment phase.
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42.14 Long-term Maintenance Monitoring and Assessment

The fourth and final phase of the assessment process is to evaluate the
effectiveness of remediation and aquatic system restoration. Long-term maintenance
monitoring and assessment of risk reduction and restoration is performed to meet
this goal. Generally, trends and changes are quantitatively evaluated to ensure that
loadings and concentrations are decreasing over time in important areas where
remedial activities have been implemented. Aquatic life recovery and restoration
should be evaluated in critical downstream areas. Statistical tests including
hypothesis testing for trend and changes in means of populations is typically
performed to quantitatively evaluate the effectiveness of remediation at a specific
point or area of interest. Methods discussed by Loftis et al. (1991) can be useful for
these purposes.
422 Screening-level Assessment Information Goals for Targeting

Screening-level assessment information goals can be generally defined by the
information required for targeting. The screening-level assessment is the second
phase of the collection of more detailed baseline data and information, and is the
focus of this study. These goals are discussed in detail in the following sections.
4221 State-level Targeting Criteria and Information Requirements

For state-level targeting, criteria and associated information requirements for
each criterion are discussed below.
1. Severity or Threat of Impairment

The severity or threat of impairment is one of the most important criteria for
targeting water bodies for restoration, and will affect the extent of remediation
required. In order to determine the severity or threat of impairment of a water body,
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information on the designated uses and associated numeric water quality standards
is required. Information is also required on the existing uses, the concentrations of
contaminants in the stream segment that are likely impairing the designated uses, the
extent of stream impaired, and the frequency or risk of concentrations exceeding the
standards. Biological indicators or biocriteria are often used to define the severity
of impairment, especially for aquatic life uses. The extent and locations of NPS
areas and magnitudes and risks of loadings within the watershed contributing to the
water body are also indicators of impairment and can be used to define the threat
of impairment. Determining the differences in concentrations between different
stream segments is required to compare and prioritize stream segments. Differences
in loadings to different stream segments is also important information for comparing
and prioritizing stream segments.
2. Public Value of the Water Body

The public value of a water body is important for gaining public support for
remediation and producing visible benefits. This criterion is often defined by the
designated uses and/or the attainable uses. Some uses are perceived to have a
higher value than other uses. Municipal water supply or aquatic life habitat, for
example, might be considered to have a higher public value than recreational use.
The number of uses of a given water body also affects the public value. The greater
the number of uses, the higher the perceived public value. Information on
designated and attainable uses, therefore, is required to evaluate this criterion. The
amount of recreational activity, size of the water body, amount and quality of wildlife
species and habitat, proximity to population centers, public access, and uniqueness
of the water body are all additional possible indicators of public value. Some
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professional judgement must be used when defining and ranking the public value of
the water bodies.
3. Resolvability of NPS Impairment

The resolvability of the use impairment, including the feasibility and costs of
possible solutions, is an important criterion for targeting limited resources and
includes technical as well as socioeconomic considerations. Technical information
includes the concentration that must be attained in the water body to achieve the
designated use and the corresponding reduction in loadings that must occur to attain
this concentration, physical habitat improvement requirements, engineering
technologies available to achieve loading reductions and restore habitat, and time
frame for restoration. Socioeconomic information includes funding availability and
public support for remediation projects, and costs of specific technologies and
alternatives.
4. Availability and Quality of Assessment Information

It is very difficult to remediate a water body or IAM:s if little or no information
on the area is available or if the quality of the information is not adequate. This
criterion requires information on existing data and information derived from any
previous monitoring and assessment work. Data obtained from inventories or the
standards setting process are examples of this type of information.
4222 Watershed-level Targeting Criteria and Information Requirements

For watershed-level targeting, criteria and associated information requirements

for each criterion are discussed below.
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1. Type and Severity of Water Resource Impairment

This criterion is important for targeting specific stream segments in a priority
geographic area and for determining the extent and types of engineering controls that
might be appropriate for remediating the problem. The information required for this
criterion generally includes that required for the first criterion for state-level
targeting, but also includes some more detailed information on the type of
impairment. The impairment might be caused by excessive pollutant loading, high
average or maximum concentrations, or high frequency of exceeding a given
standard/concentration or loading. The impairment might be continuous, seasonal,
or periodic during critical conditions. Controls for reducing loadings during storm
events could be very different than those for reducing concentrations on a continuous
basis. Impairments can include nonattainment of designated beneficial uses; metals
concentrations often exceeding numeric water quality standards; acidic conditions;
fish kills; aquatic life degradation; sedimentation; wetlands, riparian vegetation, and
aquatic habitat degradation; aesthetic problems; and human health risks. A
knowledge of the specific type of pollutant(s) causing the impairment is also needed.
All of this information, therefore, is required to define the type of impairment and
determine potential types of controls.
2. Source Magnitude Considerations

This criterion is the most important for determining the largest sources of
loadings to an impaired water body and for identifying those sources for which
engineering controls might have the greatest effect in restoring the designated use
of the stream segment. Source magnitude considerations include information on

aerial extent of NPSs contributing to the stream segment; concentrations or mass of
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contaminants within the source areas; average loadings defined on a daily, seasonal,
or annual basis; variability of loadings; extreme or critical loadings; and frequency
or risk of extreme loadings under critical conditions. This information is required for
types of sources, such as the total from all point sources, all NPSs, and all
background sources. It is also required for individual sources and for entire
subbasins and watersheds that are believed to be major contributors. Erosion rate
is often required information because it is used in many cases to aid in the estimation
of loadings of metals that can be highly adsorbed to and transported with sediment.
Remediation could be targeted to a type of source (i.e., all point sources versus all
NPSs), individual significant sources, individual subbasins, or entire watersheds.
Determining the differences in loadings between different types of source
populations, therefore, is required to compare and target types of sources. This
information is required for differences between the total loadings from all point
sources and NPSs, between individual significant sources, between individual
subbasins, and between watersheds. Differences between loadings from IAMs and
background sources is also required information for evaluating if natural background
sources might be impairing the designated use. This is especially important because
metal mining only occurs in mineralized areas that often produced natural metal
inputs to receiving waters before mining operations. Natural sources, therefore, are
often apparently the cause of NPS problems in mining areas. Information on the
uncertainty of the estimates of magnitudes and variability is also required to estimate

the confidence in derived information and in subsequent management decisions.
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3. Transport Considerations

Transport considerations are important for targeting sources because many large
source areas that release significant loadings can be distant enough from the
impaired water body that they might not be impacting the stream significantly and
can be eliminated from consideration for remediation. Although loadings from
sources and subbasins in headwaters can be significant, a large percentage of the
mass of the pollutant might not reach the impaired water body due to such processes
as deposition or sedimentation of adsorbed contaminants, or biological uptake,
infiltration to groundwater, or some type of conversion of dissolved and reactive
contaminants. In addition, loadings to the downstream portion of an impaired stream
segment might not have as much impact as loadings to the upstream portion of the
segment. Transport considerations, therefore, include information on locations of
loadings relative to the stream segment of concern, distance from individual sources
to the nearest watercourse, distance from sources to the impaired stream segment,
and locations and magnitudes of losses between the source and the stream segment.
4. Project Specific Criteria (Including Socioeconomics)

This criterion includes information that might be somewhat site-specific and not
considered for the other criteria, as well as socioeconomic information that might
impact targeting resources and remediation decisions. For example, level of available
funding and public support for a particular type of remediation for specific sources,
or costs of specific technologies relative to possible benefits, might be information
required for this criterion. Preference for specific types of technologies, such as
passive treatment or minimal maintenance technologies, might also be important
information for this criterion.
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4223 Summary of Screening-level Assessment Information Goals for
Targeting

Based on the above targeting criteria, the general types of information required

by most agencies for screening-level assessment for targeting can be categorized and

summarized as follows:

° locations and extent of problems (use impairment, instream concentrations,
and/or loadings)

° average magnitudes

° extreme (critical) magnitudes

° variability and uncertainty

° frequency or risk of extreme magnitudes

L differences between populations

° feasibility of remediation

These general types of information are required at several different temporal and
spatial scales as a result of the attributes of the data derived from the typical data
collection methodologies (discussed in Chapters 3 and S) and as a result of different
management and targeting approaches.

Temporal Scales

The temporal scales of interest for information goals include the following:
instantaneous (field measurement scale)
daily
seasonal

annual
various recurrence intervals of extreme events

Because many constituent concentrations are derived from grab samples and
instantaneous flow estimates are usually made, one important temporal scale for

information is instantaneous. From these measurements, estimates of daily loadings
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and average daily concentrations are often made assuming that the measured
instantaneous concentrations and flow rates at each monitoring station are constant
over the day. These loading estimates are often used as the only means to locate
potential loadings to receiving waters and estimate and compare their magnitudes.
Daily loadings and mean daily concentrations are also important for the estimation
of TMDLs, if this approach is used.

Because seasonality or differences between flow regimes is significant at most
sites (primarily due to seasonal flow variation as a result of snowmelt and storm
runoff), average or representative conditions during each important season (seasonal
total or seasonal mean daily loadings and/or seasonal mean instream concentrations)
is very useful information for comparisons among sites and targeting. Annual total
or annual mean daily loadings and/or annual mean instream concentrations are also
important for broad comparisons among sites and among different subbasins or
watersheds. Because of the typical significant variation in flows and loadings
between seasons at IAMs, however, annual estimates of these variables are not of
much practical use. Stream standards for concentrations are typically not derived on
a seasonal basis: the annual time scale is therefore important for concentrations. In
addition, recurrence intervals (or frequencies) of extreme values or critical conditions
for loadings and/or instream concentrations and probabilities (risks) of exceedances
above specific water quality standards or loadings are of interest. These types of
data and information are required for frequency analysis and evaluation of risks if
a risk-based approach to the assessment process is desirable. Frequency and
duration are important for deriving acute and chronic water quality standards for
aquatic life, as well as for determining exceedances above these standards. For
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example, CDPHE uses a 1-day duration and a 30-day duration with a frequency of
three years for acute and chronic standards, respectively.

Spatial Scales

As discussed previously for targeting criteria, the spatial scales of interest for
information goals include the following:

individual point (monitoring station)
stream segment

individual source

type of source

subbasin

watershed

Depending on where the receiving water of interest is located, information can
be required at a specific point of interest draining a source, within a stream reach
(possibly bracketing a source), at the outlet of a subbasin, or at the outlet of an
entire watershed. It is even more useful for IAM management purposes to derive
many types of information for an area such as a stream segment that has specific
water quality standards and beneficial uses, a subbasin, or an entire watershed
(Anderson, CDPHE, personal communication, 1993). After all, water quality
management decisions are typically made for these types of areas, not points.
Comparisons between and decisions regarding areas can then be made using this type
of information. An individual stream segment with one classification and set of
standards, however, can sometimes be very large. Information such as the average
concentration in such a large segment is not of much practical use and does not have
much physical meaning given the actual variability within a large segment.

A summary of specific screening-level assessment information goals for the

various criteria for targeting includes the following (use of asterisk is explained
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below):

designated, existing, and attainable* beneficial uses of stream segments

numeric water quality standards and maximum concentrations associated with
uses*

maximum loadings causing maximum concentrations associated with uses*

type (high concentrations and/or loadings) and extent (locations, size, and/or
degree) of water quality impairment and critical conditions (flow conditions,

time of year, etc.)

reductions in concentrations and/or loadings required to achieve desired
beneficial uses*

areal extent and contaminant concentrations of NPSs
distances between sources and watercourses and impaired stream segments
locations of loadings to and losses from stream segments

magnitudes (and associated uncertainty) of:
- concentrations in a stream segment

- loadings from a type of source (background, point sources, or NPSs)
- loadings from all contributing subbasins to stream segments

- loadings from an individual source

- loadings from an individual subbasin

- loadings from a watershed

differences between magnitudes of:
. concentrations in different stream segments

- loadings from different types of sources (background, point sources,
and NPSs)

- loadings to different stream segments

- loadings from different individual sources

- loadings from different individual subbasins

- loadings from different watersheds

frequency or risk* (and associated uncertainty) of exceeding a:
- target concentration and/or numeric water quality standard (toxic to

aquatic biota) in a stream segment

- target loading from a type of source (background, point sources, or
NPSs)

- target loading from all contributing subbasins

- target loading from an individual source

- target loading from an individual subbasin

- target loading from a watershed
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° remedial technologies available and costs
o funding availability and public support for remediation*

Information goals with asterisks represent information that is not necessarily
considered baseline information on ambient conditions because there is some
prediction or estimation of future conditions involved. For example, the
determination of maximum concentrations associated with attainable uses generally
requires sbme predictive modeling. These types of information goals are not as
important initially for the screening-level assessment as other types of baseline
information goals for ambient conditions given limited resources. Some of these
goals could be addressed at a later time after the screening-level assessment for
targeted stream segments or sources.
423 Quantitative Information Goals

Quantitative information goals must be well defined for the screening-level
assessment information goals listed above in order to develop an effective assessment
methodology. Specific quantitative information goals, however, cannot be defined
for some of the assessment information goals because they are qualitative in nature
and cannot be specified in quantitative terms. In any case, each assessment
information goal is discussed in more detail below.
4231 Designated, Existing, and Attainable Beneficial Uses of Stream

Segments

The designated, existing, and attainable beneficial uses of stream segments must
be identified and are generally described in qualitative terms, as discussed in Chapter
2. The total number of uses for a specific segment should also be determined.

Designated uses are determined by the state environmental or water resources
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regulatory agencies, although as stated previously, these designated uses might not
always be appropriate for a given stream segment or assigned using optimal methods.
The actual existing uses might be different from the designated uses and can be
determined by evaluating the historical and current uses of stream segments. This
may include deriving information regarding the aquatic ecology of the system
including number, species, diversity, and biomass of fish, and the physical habitat.
The attainable uses are the potential uses for the stream segment if contamination
was not present and must generally be determined by implementing a use
attainability analysis that includes a water body survey and assessment. This is
generally a fairly expensive process, and should be performed only for those segments
for which significant problems likely exist and restoration is seriously being
considered. The actual desired designated beneficial use, known as a "goal" in
Colorado, may be different than the current designated use and the attainable use.
Although it can be the attainable use, it can also be a more practical use that can
realistically be achieved given limited resources or technologies. The desired
designated use is a goal that must be selected based on consensus among all
stakeholders including regulatory agencies and the public who will be using the
resource, and should be based in part on the attainable use, background loadings and
concentrations of contaminants, regional concerns, public support, economics, funding
availability, and availability of remedial technologies. For segments with multiple

desired designated uses, numeric goals are set based on the most restrictive use.
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4232 Numeric Water Quality Standards and Maximum Concentrations
Associated with Uses

Numeric water quality standards for specific water quality variables are associated
with each designated beneficial use. These are assigned by the state environmental
or water resources regulatory agency, using either prescribed state or national criteria
for each constituent, or by developing site-specific standards. Development of site-
specific standards is typically a fairly expensive process, and should only be
performed for those segments of the highest priority. Variables of concern at IAMs
for which standards can be defined include total and/or dissolved metals, acidity or
pH, sediment (including substances that settle to form bottom deposits that can be
either clean or toxic), and whole effluent toxicity (WET). Biological criteria can also
be defined and used to set standards. Maximum or "target" concentrations are
associated with the existing and attainable uses. For existing uses, these maximum
concentrations can be considered ambient water quality criteria. For aquatic life
uses, maximum concentrations are typically acute and chronic aquatic life criteria
with a 1-day duration and a 4- or 30-day duration with a frequency of three years,
respectively. The numeric standards and maximum concentrations associated with
the uses might not always be appropriate and/or determined using optimal methods.
In some cases, for example, ambient standards significantly higher than the acute or
chronic aquatic life criteria may be used for segments not classified for aquatic life
even though a viable fish population might exist or have existed in the past. In other
cases, the data used to derive the ambient standards may also not be adequate or

representative.
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CDPHE determines numerical standards for dissolved zinc concentrations using
one of three different methods:

1. TVSs that specify the following formulas:

Acute = e®©-84730n(ardncss)] +0.8604)

ChI'OIli c = e(0.3473{1n(hxrdness)] +0.7614)

2. for the chronic standard, ambient quality-based standards based on the
concentration of the 85th percentile of the metal cumulative frequency
distribution based on available "representative” data

3. site-specific-criteria-based standards using bioassay or use attainability data

For the first method, the hardness value is based on either the lower 95 percent

confidence limit of the mean hardness value at the periodic low flow criteria as

determined from a regression analysis of site-specific data, or on other representative
or regional data.

If no dissolved zinc data are available, numerical standards for total zinc
concentrations can be computed using the concentration of the 50th percentile of the
metal frequency distribution. According to the first method for dissolved zinc and
the method for total zinc based on the estimated annual frequency distributions,
there will be a 15 and 50% risk, respectively, that the estimated standards will be
exceeded anywhere in the stream segment at any time during a year. The risks that
the concentrations (standards) computed using the hardness data will be exceeded
can also be estimated using derived cumulative frequency distributions. These issues
related to frequency and risk are also discussed in Section 4.2.3.11
4233 Maximum Loadings Associated with Uses

A maximum loading from the watershed to the stream segment is associated with

each numerical water quality standard or maximum concentration and, ultimately,
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with each beneficial use. This maximum loading can be estimated from existing data
for existing uses or ambient conditions, as discussed in Section 4.2.3.9. For attainable
or desired designated uses, however, these loadings must be estimated using some
type of predictive modeling, as is used for the TMDL/WLA process for water-quality
limited stream segments impacted by point sources. Some modifications of this
method could be required to account for diffuse loadings under high flow conditions.
4234 Type and Extent of Water Quality Impairment and Critical Conditions

This information is related to the beneficial uses, the magnitude of concentrations
and loadings, and the frequency and duration of exceeding numeric water quality
standards, target concentrations, or target loadings. For stream segments with
aquatic life uses or potentially attainable uses, information on the locations, stream
length, and degree of impaired aquatic ecology is required. This may include
delineating areas with exceedances above acute and chronic standards on an annual
or seasonal basis. Identification of seasonal problems can help define the critical
conditions causing the impairment. Identification of the type of pollutant causing
impairment is also important. Types of pollutants might include dissolved and/or
total metals concentrations and loadings, acidity and low pH, and sediment.
42.3.5 Reductions in Concentrations and/or Loadings Required to Achieve

Desired Beneficial Uses

The reduction in concentrations and/or loadings required to achieve the desired
designated uses, target concentrations, and/or numeric standards is very important
information for evaluating the feasibility and costs of remediation and must generally
be determined using some type of predictive modeling. This reduction may be
expressed as a percent reduction. The methods used for the TMDL/WLA process
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might be applicable, although some modifications of the method could be required.
42.3.6 Areal Extent and Contaminant Concentrations of NPSs

The aerial extent of NPSs may be an indicator of potential loadings to a water
body and includes the areas for individual large sources or sources that are believed
to be significant metals contributors to the stream segments of concern. It also
includes the total NPS areas within individual subbasins and within the entire
watershed of interest. The NPS areas can be expressed as total areas (acres, square
miles, etc.) as well as the percentage of NPS areas relative to the total area of an
individual subbasin or of a watershed. The areal extent of NPSs in a watershed can
also be used to estimate costs of remediation. For individual waste areas such as
tailings piles, the volume of waste material is also important information that may
be an indicator of loadings and can be used to estimate costs. All of this information
can be derived from site maps, aerial photographs, and field reconnaissance
(inventories). Contaminant concentrations or total mass within the NPS area may
also be an indicator of loadings to downstream receiving waters. Concentration can
be expressed as mass per unit mass or as a percentage based on limited areally-
composited sampling.
4.23.7 Distances Between Sources and Watercourses and Impaired Stream

Segments

The distances between sources and watercourses and between sources and the
impaired stream segment should be determined for individual large source areas or
areas that are believed to release significant quantities of contaminants, as well as
for individual subbasins and/or watersheds that can contribute to a stream segment
of concern. Greater losses generally occur with increasing distance, and the distance
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is related to the estimation of first order kinetic losses and travel time. The distance
can be expressed in miles or feet. Any obvious isolating factors where losses of
loadings can occur, such as impoundments, dams, or surface water features that are
dry most of the time, should be described and delineated on a map. This
information can be obtained from site maps, aerial photographs, and field
observations.
4238 Locations of Loadings to and Losses from Stream Segments

The locations of loadings of metals to stream segments should be determined
based on monitoring data and field observations. Individual sources near the
segment that could be contributing directly to the segment should be identified and
delineated on the site map. Tributaries (subbasins and/or watersheds) that are
contributing metals to the segment should also be identified and delineated. Some
of the locations of loadings can be monitored directly in the drainage from an
individual source adjacent to the stream or at the mouth of a tributary. Alternatively,
the locations of loadings can be estimated using the NPS reach gain/loss analysis
approach by bracketing individual source areas, tributaries, or more widespread NPS
areas. Estimates of locations of loadings can also be made using visual observations
of areas of erosion and sediment deposition, staining and discoloration, metal
precipitation, etc. The locations of losses from the stream segment must be
estimated using the NPS reach gain/loss analysis (negative differences in loadings
between adjacent stations) and/or visual observations.
4239 Magnitudes of Concentrations and Loadings

Finite resources dictate that the magnitudes of pollutant concentrations in and
loadings to a stream segment must be estimated with limited data. Uncertainty of
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the values will be associated with every measurement and should be estimated
explicitly to provide an indicator of the confidence associated with subsequent
management decisions.

Required information related to magnitudes of concentrations in a stream
segment that is most common among agencies and water quality studies in general
is as follows:

° mean concentration and 90% (or 95%) CI for each season and for a year

° median concentration and other percentiles and 90% (or 95%) CI for each
season and for a year

° standard deviation of concentrations and 90% CI for each season and for a
year
] minimum and maximum concentrations for each season and for a year

Although annual values are not generally recommended due to the potential for
significant seasonality, most numeric water quality standards for stream segments are
currently established on an annual (not seasonal) basis.

Required information related to magnitudes of loadings to stream segments that

is most common among agencies and water quality studies in general is as follows:
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