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Part 1. Introduction

Ground water is the Nation’s principal reserve of fresh water and represents
much of its potential future water supply. Ground water on National Forest
System (NFS) lands is a major contributor to flow in many streams and rivers
and has a strong influence on the health and diversity of plant and animal
species in forests, grasslands, riparian areas, lakes, wetlands, and cave systems.
It also provides drinking water to hundreds of communities. Demands for safe
drinking water and requirements to maintain healthy ecosystems are increasing,
and complex social and scientific questions have arisen about how to assess
and manage the water resources on NFS lands. This technical guide was
developed to help address these issues. It describes the national ground water
policy and provides management guidelines for the NFS.

Today, many of the concerns about ground water resources on or adjacent

to public land involve questions about depletion of ground water storage,
reductions in streamflow, potential loss of ground water-dependent ecosystems,
land subsidence, saltwater intrusion, and changes in ground water quality. The
effects of many human activities on ground water resources and on the broader
environment need to be clearly understood in order to properly manage these
systems. Throughout this technical guide, we emphasize that development,
disruption, or contamination of ground water resources has consequences for
hydrological systems and related environmental systems.

Ground water and surface water are interconnected and interdependent in
almost all ecosystems. Ground water plays significant roles in sustaining

the flow, chemistry, and temperature of streams, lakes, springs, wetlands,

and cave systems in many settings, while surface waters provide recharge to
ground water in other settings. Ground water has a major influence on rock
weathering, streambank erosion, and the headward progression of stream
channels. In steep terrain, it governs slope stability; in flat terrain, it limits soil
compaction and land subsidence. Pumping of ground water can reduce river
flows, lower lake levels, and reduce or eliminate discharges to wetlands and
springs. It also can influence the sustainability of drinking-water supplies and
maintenance of critical ground water-dependent habitats.

Increasingly, attention is being placed on how to manage ground water (and
surface-water) resources on public lands in a sustainable manner. The potential
for ground water resources to become contaminated from anthropogenic as
well as natural sources is being scientifically assessed. Each ground water
system and development situation is unique and requires a specific analysis to
draw appropriate conclusions.

This technical guide begins by reviewing the legislative and policy framework,
and the issues related to ground water inventory, monitoring, contamination,
and development. Individual sections then focus on key concepts, principles
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and methods for managing ground water resources. Relevant special topics,
case studies, and field examples are highlighted throughout the text. Additional
information on some topics can be found in the appendixes.

This technical guide provides guidance for implementing the U.S. Department
of Agriculture (USDA) Forest Service national ground water policy. It
describes hydrological, geological, and ecological concepts, as well as the
managerial responsibilities that must be considered to ensure the wise and sus-
tainable use of ground water resources on NFS lands.

This document is one part of a four-part information system on ground water
management on the national forests and grasslands. The other three parts are
(1) Forest Service policy on ground water (Forest Service Manuals [FSM]
2543 and 2880); (2) a Forest Service sourcebook on State ground water laws,
regulations, and case law for all 43 States with NFS land; and (3) a ground
water inventory and monitoring technical guide. When complete, the four parts
will provide line officers and technical specialists at all field levels with the
science, policy, and legal framework for Forest Service ground water-resource
management. Users of this document are strongly encouraged to refer to all of
these documents when dealing with a ground water-resource issue.

This technical guide is intended for Forest Service line officers and managers
and their technical-support staffs. Managers will be interested in Parts 1 and 2,
in which information is presented on management considerations and on the
importance of ground water issues. Part 3 and the appendixes provide more
detailed information on basic hydrogeological principles and ground water
investigation methods that may be most appropriate for technical support staffs.

Ground water is a valuable commodity and its use is growing nationwide. The
NFS contains substantial ground water resources, for which stewardship and
protection are mandated by congressional acts. Many other natural resources
on NFS lands rely, directly or indirectly, on ground water and would be
damaged or destroyed if that water were depleted or contaminated. Careful
inventory of the quantity and quality of ground water on the NFS is needed to
provide sufficient information to appraise the value and provide appropriate
stewardship of these ground water resources. The following are the objectives
of ground water inventory and monitoring:

e To ensure timely availability of hydrogeological resource information
needed for the periodic assessment required by the Forest and
Rangeland Renewable Resources Planning Act, as amended, and for
land and resource management planning.

e To provide regionwide status and change data and to enhance the
potential for combining data sets across geographic areas to address
national trends.



e To classify aquifer types, establish baseline ground water quality, map
flow systems and ground water-dependent ecosystems, and assess
aquifer vulnerability based on a consistent standard throughout the
NFS.

Ensuring sustainability of natural resources has become a fundamental
requirement for Federal land management. In preparing to manage ground
water resources within this framework, the following interdependent questions
must be addressed:

e How much ground water is there, where is it, and what is its
quality?

e What are the existing uses of ground water?

e What is the nature of the interconnections between the ground
water and surface water systems?

e To what extent do other natural resources depend on ground
water?

e How vulnerable are the aquifers to contamination or depletion?

To answer these questions, ground water resources need to be inventoried and
assessed.

Overuse of ground water may impact streams, wetlands, riparian areas, forest
stands, meadows, grasslands, seeps, springs, cave systems, and livestock and
wildlife watering holes. It may lower lake and reservoir levels, and promote
land subsidence, sinkhole formation, and cave collapse. Reduced water-table
levels can impact biota that depend on ground water, particularly in riparian
and wetland ecosystems.

When water is removed from saturated soils and deeper sediments, the soil,
sediment, or rock structure that remains may partially collapse and result

in visible slumping of soils, widespread subsidence of the land surface, or
the formation of sinkholes. These changes in the land surface may damage
highways, bridges, building foundations, and other structures. They also may
damage natural resources. In addition, excessive well withdrawals can affect
water quality in the aquifer. Saltwater may intrude into the aquifer, poor-
quality or contaminated water may migrate from adjoining areas or surface
water bodies, or chemical components of the desaturated aquifer may be
mobilized. Ground water levels or pressures may drop, causing shallow wells
to go dry and requiring deepening or replacement. Increased drawdown can
impact ecological resources by depleting ground water that supports riparian
vegetation, wetlands, or sensitive flora and fauna.

The list of elements and chemical compounds that may be accidentally or
purposely released into the environment, and transported by ground water, is
seemingly endless. The NFS contains thousands of public and private drinking-
water supply systems located at campgrounds, rest areas, permittee sites,



private in-holdings, and in-forest communities. The NFS also contains the
headwaters of many streams that flow off-system lands and the recharge areas
for many aquifers from which water is drawn for human use. The protection
of all sources of public drinking water from contamination is a nationwide
imperative, heralded by the Safe Drinking Water Act (SDWA) of 1974.

Many activities have the potential to contribute contamination to soils and
ground water simply through the presence and use of fuels, oils, solvents,
paints and detergents, and by the generation of solid or liquid wastes. Typical
contamination sources on NFS lands include mines, oil and gas wells, landfills,
and septic systems. Contamination of soils and ground water can be difficult,
time-consuming, and expensive to address.

Although numerous Federal and State programs regulate activities that may
release contaminants to soils and ground water, the implementation of these
programs in rural areas generally lags behind that in urban areas. Because the
release of even small amounts of stored chemicals or fuels may substantially
damage soil and ground water resources, efforts must be made to ensure that all
Forest Service activities and facilities comply with regulations for preventing
soil and ground water contamination. Similarly, efforts must be made to
collaborate or partner with States, permittees, owners of in-holdings, and
forest-bounded communities to institute appropriate ground water protection
measures.



Federal
Statutes

Overview of
the National
Ground

Water Policy

Part 2. Managing Ground Water Resources

This section reviews the types of ground water issues that are important for
all USDA Forest Service units, line officers, and staff to consider. Legal
requirements and ground water-management strategies are discussed.

In addition to the Federal land management statutes cited in Forest Service
Manual (FSM) 2501, the following Federal statutes provide pertinent direction
to the Forest Service for its management of ground water resources in the
National Forest System.

Safe Drinking Water Act of 1974, as amended. (42 U.S.C. §300f et seq).
The intent of the SDWA is to ensure the safety of drinking-water supplies.
Its authority is used to establish drinking-water standards and to protect
surface- and ground water supplies from contamination.

Resource Conservation and Recovery Act of 1976, as amended. (42 U.S.C.
§6901 et seq) The Resource Conservation and Recovery Act (RCRA)
regulates the generation, transportation, treatment, storage and disposal of
waste materials. It has very specific requirements for the protection and
monitoring of ground water and surface water at operating facilities that
may generate solid wastes or hazardous wastes.

Comprehensive Environmental Response, Compensation, and Liability

Act of 1980, as amended. (42 U.S.C. §6901 et seq). Also known as
“Superfund”, the Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA) regulates cleanup of existing environmental
contamination at non-operating and abandoned sites (see also FSM 2160).

In addition, judicial doctrine and water-rights case law provide the legal
interpretations of Federal and State statutes about usage and management of
ground water (see FSM 2541.01 and Forest Service Handbook [FSH] 2509.16
for procedures to be followed for complying with Federal policy and State
water-rights laws).

The national ground water policy sets out the framework in which ground
water resources are to be managed on NFS lands. The policy is designed to
be located in two parts of the Forest Service Manual, FSM 2880, Geologic
Resources, Hazards, and Services, and FSM 2543, Ground Water Resource
Management. As of the publication date of this technical guide, FSM 2543
is in draft form and may change due to agency and public comment prior to
finalization. Regional Foresters and Forest Supervisors are directed by the
national ground water policy to perform the duties detailed below.



Land
Management
Planning

Water
Development

Protection and sustainable development of ground water resources are
appropriate components of land and resource management planning for NFS
lands. Ground water inventories and monitoring data shall be integrated into
the land and resource management process.

When evaluating project alternatives or revising national forest plans, use
the best available science, technology, models, information, and expertise

to determine the location, extent, depths, amounts, flow paths, quality,

and recharge and discharge areas of ground water resources and their
hydrological connections with surface water.

Conduct appropriate National Environmental Policy Act (NEPA) analyses
when evaluating applications for water wells or other activities that propose
to test, study, monitor, modify, remediate, withdraw, or inject into ground
water on NFS lands (see also FSH 2509).

Always assume that hydrological connections exist between ground water
and surface water in each watershed, unless it can be reasonably shown
none exist in a local situation.

Ensure that ground water that is needed to meet Forest Service and
authorized purposes is used efficiently and, in water-scarce areas or time
periods, frugally. Carefully evaluate alternative water sources, recognizing
that the suitable and available ground water is often better than surface
water for human consumption at administrative and public recreational
sites.

Prevent, if possible, or minimize the adverse impacts to streams, lakes,
ponds, reservoirs, and other surface waters on NFS lands from ground
water withdrawal.

As applicable under State water-rights laws and adjudications, file water-
use-permit applications and water-rights claims for beneficial uses of
ground water by the Forest Service. Consult with the Office of General
Counsel prior to filing (see also FSM 2541).

Comply with wellhead protection (U.S. Environmental Protection Agency
[EPA] 1994), sole-source aquifer, and underground injection control (UIC)
requirements of Federal (40 Code of Federal Regulations [CFR] 144),
State, and local agencies. Ensure that all public water systems (PWSs) on
NFS lands that use ground water comply with EPA’s ground water rules.
Require all drinking-water systems that withdraw water from aquifers on
NFS lands, and that are classified as community water systems (those that
serve 25 year-round residents or have 15 or more service connections), to
have flow meters installed and operating. Require wells on NFS lands that
provide ground water that is later sold to consumers or used for industrial
or commercial purposes to have flow meters installed and operating. Wells
equipped with hand pumps are not required to have flow meters. Require
injection wells with discharge pipes that are 4 inches inside diameter or
larger to be metered.



Water Quality

Ground Water-
dependent
Ecosystems

Identify the needs and opportunities for improving watersheds and
improving ground water quality and quantity. Take appropriate steps to
address the needs and take advantage of the opportunities.

In areas where ground water on NFS land has become contaminated from
human sources, evaluate the potential receptors, technical feasibility, costs,
and likelihood of finding potentially responsible parties (PRPs), the risks
of exacerbating the problem, and other relevant factors before making a
decision to try to cleanup the ground water.

Complete removal and/or remedial actions for ground water contamination
at CERCLA/Superfund sites on NFS lands. Identify the PRPs and seek

to have them perform the cleanup work, where possible, to minimize the
cost of the cleanup to the Forest Service. At sites where the Forest Service
is a PRP, the cleanup work should be aggressively performed in a timely
manner to fulfill the agency’s trustee responsibilities. Inform owners of
non-federal property abutting NFS lands that overlie contaminated ground
water of the existence of the contamination, the types of contaminants
present, and the Forest Service plan for managing the contaminated ground
water.

Ecological processes and biodiversity of ground water-dependent
ecosystems must be protected. Plan and implement appropriately to
minimize adverse impacts on ground water-dependent ecosystems by (1)
maintaining natural patterns of recharge and discharge, and minimizing
disruption to ground water levels that are critical for ecosystems; (2) not
polluting or causing significant changes in ground water quality; and (3)
rehabilitating degraded ground water systems where possible.

Manage ground water-dependent ecosystems to satisty various legal
mandates, including, but not limited to, those associated with floodplains,
wetlands, water quality and quantity, dredge and fill material, endangered
species, and cultural resources.

Manage ground water-dependent ecosystems under the principles of
multiple use and sustained yield, while emphasizing protection and
improvement of soil, water, and vegetation, particularly because of effects
upon aquatic and wildlife resources. Give preferential consideration to
ground water-dependent resources when conflicts among land-use activities
occur.

Delineate and evaluate both ground water itself and ground water-
dependent ecosystems before implementing any project activity with

the potential to adversely affect those resources. Determine geographic
boundaries of ground water-dependent ecosystems based on site-specific
characteristics of water, geology, flora, and fauna.

Establish maximum limits to which water levels can be drawn down at a
specified distance from a ground water-dependent ecosystem in order to
protect the character and function of that ecosystem.

Establish a minimum distance from a connected river, stream, wetland,
or other ground water-dependent ecosystem from which a ground water
withdrawal may be sited.



Inventory and
Monitoring

Data
Management

Partnerships

Ground
Water Uses

e Design inventory and monitoring programs to (1) gather enough
information to develop management alternatives that will protect
ground water resources, and (2) evaluate management concerns and
issues expressed by the general public. Assign high priorities for survey,
inventory, analysis, and monitoring to municipal water-supply aquifers,
sensitive aquifers, unique ground water-dependent ecosystems, and high-
value or intensively managed watersheds.

e Develop estimates of the usable quantity of ground water in aquifers while
protecting important NFS resources and monitor to detect excessive water
withdrawal.

e Define the present situation and detect spatial or temporal changes or trends
in ground water quality or quantity and health of ground water-dependent
ecosystems; detect impacts or changes over time and space, and quantify
likely effects from human activities.

e Establish guidelines and standards for the acquisition and reporting of
ground water information to meet the specific needs of Forest Service
programs. The storage of ground water data must conform to Forest Service
Natural Resource Applications (FSNRA) standards and servicewide
Geographic Information System (GIS) data standards. Storage will be in
FSNRA databases upon availability.

e C(lose collaboration and partnership with other Federal Agencies and States/
Tribes, regional and local governments and other organizations is essential
in gathering and analyzing information about ground water resources for
which the Forest Service has stewardship.

Some 83.8 billion gallons per day of fresh ground water were pumped in

the United States in 2000 (Hutson and others 2004). This total was about 8
percent of the estimated daily natural recharge to the Nation’s ground water.
Much of this water was being withdrawn in excess of the recharge capabilities
of local aquifers (“overpumping”). Withdrawals significantly in excess of
natural recharge are located predominantly in coastal areas of California,
Texas, Louisiana, Florida, and New York, in the Southwest, and in the Central
Plains. In the United States, management of ground water is primarily the
responsibility of State and local governments. The authority and responsibility
for overseeing the allocation and development of water resources typically
resides with the State’s department of natural resources or water resources

or the State engineer’s office. The authority and responsibility to prevent
undue contamination of ground water typically resides with the State’s

health department or department of environmental quality or environmental
management and with local government (e.g., health department, county
commissioners, city council). In addition on most Federal lands some
overlapping responsibilities for both ground water and quantity resides with the
management agency.



Management of
Drinking-water
Supplies

Management of water resources includes the management of land-use
activities that include potential sources of contamination. As population
density increases, an ever-increasing demand on water resources and an ever-
increasing complexity of management issues are created. This complexity
results from the uncertainties related to (1) how to manage water resources
in a manner that achieves a sustainable annual supply, (2) how to prevent
unplanned contamination of ground water, and (3) how to balance competing
uses of interconnected water resources.

Pumping of ground water results in changes to the ground water system and,
potentially, to the ecosystem of the region being developed. These changes
may take many years to be observed because of the commonly slow movement
of ground water. Some changes, such as the loss of aquifer storage capacity
from land subsidence, may be irreversible. Some changes may not be readily
observable because they are incrementally small with time, occur underground,
or slowly affect the chemistry of the ground water or surface water. The
consequences of pumping should be assessed for each level of development,
and safe yield should be the maximum withdrawal for which the consequences
are considered acceptable.

Ground water is one of the Nation’s most important natural resources,
providing about 40 percent of the Nation’s public water supply (Alley and
others 1999). In addition, more than 40 million people, including most of the
rural population, supply their own drinking water from domestic wells. As a
result, ground water is an important source of drinking water in every State
and is also the source of much of the water used for agricultural irrigation.
Therefore, protection of those water resources is an important goal of land-use
planning and management nationwide. A valuable reference to use in assessing
how much risk of contamination is associated with different land-use practices
commonly occurring on NFS lands is titled “Drinking Water from Forests and
Grasslands: A Synthesis of the Scientific Literature” published in 2000 by the
Forest Service Southern Research Station as General Technical Report SRS-
039 (http://www.srs.fs.fed.us/pubs/gtr/gtr srs039).

The SDWA Amendments of 1996 (P.L. 104-182, 42 U.S.C. 300f et. seq.)
revised the original 1974 Act by adopting a multiple barrier approach to

the protection of drinking water from its source to the tap, creating a State
revolving fund for financing water treatment improvements, and establishing
reporting on the quality of water served to all water consumers by the water
provider. All PWSs have to be assessed for vulnerability to current and
potential sources of contamination and the source of water must be delineated.
By definition, PWSs provide drinking water to at least 25 people or 15 service
connections for at least 60 days a year. About 170,000 PWSs in the United
States provide water to more than 250 million people. Of these, at least 3,500
communities and 60 million people get water directly from NFS lands. The
EPA defines two main types of PWSs:


http://www.srs.fs.fed.us/pubs/gtr/gtr_srs039

1. Community water systems that provide drinking water to the same
people yearlong. All Federal drinking-water regulations apply to
these systems.

2. Noncommunity water systems that serve customers on less than a
yearlong basis. Such systems are considered to be transient if they
serve people who are passing through the area and nontransient if
they serve at least 25 of the same people more than 6 months in
a year but not yearlong. Most federal drinking-water regulations
apply to systems in the latter category, while only regulations
concerning contaminants posing immediate health risks apply to
systems in the transient category.

The Forest Service owns and operates about 6,000 water systems, most of
which fall into the noncommunity, transient category. District Rangers and
Forest Supervisors should make sure that these water systems are meeting

all requirements of the law, are being tested in compliance with the law

and regulations, and, if found to fail the bacteriological or any of the other
standards, that the system will be immediately shut off and not reopened until
all tests are in compliance. Exposure of the public or Forest Service employees
to unsafe or SDWA non-compliant drinking water must not take place at Forest
Service managed facilities. In addition, civil penalties can be imposed by States
and EPA for violations of the SDWA.

Water systems owned and operated by the Forest Service should be maintained
properly to ensure that the water provided to the public and employees is safe
and meets all applicable standards. Systems nearing the end of their service

life may need major overhaul or replacement. Line officers are responsible

for requesting sufficient funding to maintain water systems or close down
obsolete systems and switching those facilities to other water supplies, such as
municipal water if available. Additional guidance can be found in FSM 7420 or
through consultation with the regional environmental engineer.

Effective management of water resources in fractured-rock hydrogeological
settings must be based on a sound conceptual understanding of the ground
water flow system(s) that occur in the area to be managed. Because of the
heterogeneous and anisotropic nature of fractured-rock settings, it has proven
difficult to manage water resources in these settings. In fractured-rock settings,
sustainable development is greatly complicated by uncertainties about actual
watershed dimensions and annual water budgets in associated aquifer systems.
The relationship between “deep” ground water in fractured rock and surface
water is still not well understood at the watershed scale. At the watershed level,
significant uncertainties also exist about whether water from non-consumptive
uses returns to the deep ground water system or moves as interflow directly to
a nearby stream.
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Because, in part, of the relative ease of delineating and recognizing watershed
boundaries in mountainous areas, the concept and practice of watershed-

based resource management has evolved more rapidly in those regions of the
country. Watershed-based management is a holistic approach that requires an
understanding of ground water flow and the relationship between ground water
and surface water. In fractured-rock settings such understandings, however,
may be very difficult to achieve.

Another key provision of the 1996 Amendments to the SDWA was an increased
focus on the prevention of contamination of drinking water at its source
within a surface watershed or within a defined area surrounding a ground
water extraction site, such as a well. States are required to do Source Water
Assessments (U.S EPA 1997) for all public water supplies. For ground water,
States commonly use one of two methods to define a well-head protection
area: (1) “fixed radius,” which is the area defined by a radius of set distance
from a well, such as 1,000 feet or 1 mile; or (2) “time of travel,” which is the
area from which ground water flows horizontally to a well in a set time period,
such as 1 year. Each method has its advantages and problems, and neither

can provide 100 percent assurance that the ground water supply is really safe
from contamination if appropriate land-use restrictions are applied within the
deliineated area.

PWS utility operators near or within the NFS may request the Forest Service to
add water-quality protective measures, including additional “best management
practices” (BMPs), for many land uses and activities on NFS lands within
delineated source watersheds and well-head protection areas. The Forest
Service should work with water supply utilities and others to evaluate the
likely effectiveness of such additional practices and the means for paying for
their installation and maintenance. The Forest Service should also determine
whether any reimbursement for revenues forgone to the U.S. Treasury expected
from any contracts, leases or permits that are being ended or prevented should
be required of the utility, municipality, or other entity (see also FSM 2542).

During the first round of forest planning, a provision in the 1982 NFMA
regulations required that municipal water-supply watersheds be identified as
separate management areas. Many forests identified these watersheds and
developed separate standards for them, but some did not. The new NFMA
planning process does away with the requirement to delineate municipal
watersheds, but it continues the emphasis on collaboration with stakeholders
in the management of NFS lands, and the need to identify and quantify the
amount and quality of water needed for multiple uses on and off these lands.
As forest plans are revised, Forest Service units should invite participation
from local water-utility managers and their staffs to help the agency make sure
that forest plans recognize the importance of drinking-water sources on and
under NFS lands and of developing and implementing sound water-quality and
quantity protection strategies and measures.

11



Special-use
Authorizations
for Water Wells
and Pipelines

This section addresses the authorization of water extraction or injection wells
and water pipelines through special-use permits. Guidance in FSM 2729,

FSM 2543, and FSH 2509, specifically addresses the authorization of water
developments on NFS lands, and a decision tree summarizing the process is
shown in figure 1. The basic laws authorizing water wells on NFS lands are

the Organic Administration Act and the Federal Land Policy and Management
Act (FLPMA). The permitting process for wells and pipelines is a discretionary
activity; a permit for a well or pipeline may be denied if the agency’s analysis
indicates that NFS resources, including water, will not be adequately protected.
Except when authorized by either U.S. Department of the Interior or USDA
regulations for the management of mineral or energy exploration, development,
or production, a special-use permit is required for all entities other than the
Forest Service to drill water wells or construct water pipelines on NFS lands.

Where a State-based water right or State approval is needed for a water
development, the process for securing State approvals should follow after

or run concurrently with the Forest Service process for authorizing a water
development. In all cases, State law must be observed when a State-based
water right is involved. When a project proponent proposes to drill a well

on NFS lands and/or to transport ground water across NFS lands through a
pipeline, an analysis of the potential impacts of water removal from the aquifer
along with the impacts of well drilling and/or pipeline construction is required
(40 CFR 1508.25 Scope and 1508.7 Cumulative Impacts). For development of
a water-injection well, the impact on ground water quality from the addition
of non-native water and the impact that added volume would have on aquifer
structure and function must be analyzed.

Laws and regulations governing wells include both State requirements

for notification, drilling permits, well logs, well completion or

abandonment procedures and documentation, and Federal requirements

and recommendations for construction, sampling, and abandonment of
monitoring wells. Under 36 CFR 251.51, the Forest Service has the authority
to grant or deny a request for special-use authorization for a water diversion,
extraction, or conveyance facility. No legal obligation exists to grant a special-
use authorization for a water facility, even if the applicant controls a valid
State-issued water right. When considering whether to grant a special-use
authorization for a water diversion, the law requires the inclusion of terms and
conditions necessary to protect national-forest resources as part of any decision
granting a right-of-way across NFS lands (see Section 1765 of the FLPMA).

A solid administrative record must be developed to support decisions on
special-use authorizations. Include the impacts to national-forest resources,
details on the basis for mitigation measures required to protect those resources,
and the reasons why the extraction or conveyance of ground water is consistent
or inconsistent with the applicable land management plan.

12



Figure 1. Decision tree for issuance of special-use permits for proposals to develop water supply wells on NFS land.
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INITIAL SCREENING As provided for in 36 CFR 251.54(b), initial proposals for ground water
developments may be presented to the Forest Service either orally or in
writing. Water developments related to a CERCLA response action are not
subject to this initial NEPA screening, but are subject to CERCLA analysis in
the engineering evaluation/cost analysis for removals or remedial investigation/
feasibility study for remedial actions. To pass the initial information screening
requirements, proposals to construct wells on NFS lands and/or pipelines
across NFS lands must meet the following conditions:

1. The proposal to pump, inject, or transport water must be consistent
with applicable laws, regulations, policies, rules, executive
orders, treaties, compacts, and Forest Service land and resource
management plans (FSM 2702 and 2703). Proposals are evaluated
as specified in 36 CFR 251.54(e).

2. The proposal must be consistent with national policy not to
encumber NFS lands just because it affords a proponent a lower
cost when compared with alternatives located on non-NFS
lands. If the intent of the proposal is to use ground water derived
from NFS lands for a non-NFS purpose, the proponent must
demonstrate that alternative water sources do not exist (FSM
2703.2).

Proposals that do not meet the minimal requirements of the initial information
screening process are returned to the proponent as insufficient. The authorizing
officer shall reply in writing if the proposal was presented in writing, or may
reply orally if the proposal was presented orally (36 CFR 251.54[¢][2]).

SECOND-LEVEL Additional information is required for proposals that pass initial information
SCREENING screening. In second-level screening, the proposal is evaluated as described in
36 CFR 251.54(e)(5) and as follows:

1. The quantity of water the proponent is seeking to pump from
beneath NFS lands and the purpose of use of such water must be
identified. If the proponent anticipates increased water needs in
the future, those needs must be quantified. If the proponent seeks
to inject water into the ground, the quantity, source(s), and quality
of the injection water and the likely effects of this action must be
identified.

2. Proposals to use ground water underlying NFS lands must include
appropriate water conservation measures (FSM 2541.21h) and
all community water system wells must be equipped with a flow
metering device in good working order.

3. Dirilling activities themselves can negatively impact NFS
resources. In instances in which considerable disturbance may
result from the drilling process, the proponent must demonstrate
that a reasonable likelihood exists of successfully completing any
water wells and adequately mitigating any resource damage.
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ENVIRONMENTAL
ANALYSIS

4. Identify all anticipated facilities, such as roads, power lines,
pipelines, water storage tanks, and pumps that could ultimately
be needed to produce or inject, and convey water across NFS
land. Proposals that involve construction and/or use of roads shall
conform to the requirements of FLPMA, specifically Sections 502
and 505.

5. Identify key resources and existing water supplies to assist in
evaluating the potential for the proposal to affect NFS resources
and neighboring water supplies.

6. Return proposals that fail to pass second-level screening to
the proponent with a written reason for rejection (36 CFR
251.54[g][1]). NEPA analysis is not required to make this
determination (36 CFR 251.54[¢][6]).

Where proposals pass second-level screening, notify the proponent that the
Forest Service is prepared to accept a formal written application for a special-
use authorization. Previously submitted information may be included in the
application by reference. The Forest Service should begin the appropriate
NEPA analysis on receipt of the formal application (36 CFR 251.54[g][2][ii])
and notify Federal, Tribal, State, and local entities involved in the management
of water resources as early in the process as possible (FSM 1909.15, Conduct
Scoping). Advise the proponent that any information provided will become
public information once the formal application is received and the NEPA
process initiated. Once the formal application is received, the proponent is
referred to as the applicant.

If information screening indicates that the proposal includes higher-than-
average ground water production rates and/or potentially high-impact well(s)
or transmission facilities, substantial additional analysis may be necessary.
An application may be approved in two phases: (1) exploration, and (2)
construction of water-production facilities. Using that approach, each phase
requires separate NEPA analysis and documentation (refer to FSH 1909.15,
chapters 20, 30, and 40). When the application uses existing wells, many of the
evaluation procedures described here may still apply. The project applicants
should be advised that obtaining approval for exploratory drilling and/or
evaluation does not guarantee that construction of production phase facilities
will be authorized. They should also be advised that there may be substantial
mitigation measures required by the terms of a production authorization and
that the scope of those measures may not be identified until the conclusion of
the appropriate environmental analysis.

Where water supplies in sufficient quantities to meet the applicant’s needs are
located in existing wells or found through exploration, require a detailed plan
to determine impacts. This plan must be site-specific and designed to identify
potential impacts to NFS resources and neighboring water supplies, and must
be approved before testing for impacts. In the absence of sufficient information
to model impacts, an aquifer test with long-term pumping of existing and/or
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EXPLORATORY DRILLING
PROCEDURES

CONSTRUCTION
AND PRODUCTION
PErRMITTING

MONITORING AND
MITIGATION

exploratory wells and monitoring of observation wells and surface water

may be required. The purpose of the test is to evaluate the potential impacts

of removing water at production levels from the well(s) under consideration.
Where the proposal involves the transport of ground water pumped from
nearby non-NFS lands across NFS lands, the above testing may still be
required to evaluate impacts of the ground water withdrawal on NFS resources
and neighboring water supplies (40 CFR 1508.25, Scope). When an injection
well is proposed, a site-specific analysis of the impacts from the introduced
water is required to determine potential impacts to NFS resources and
neighboring water supplies. The results of testing, monitoring, and/or modeling
should be shared with the appropriate State and local agencies.

NEPA documentation must be completed, appropriate to the scale of
operations, when screening indicates a reasonable likelihood of producing
ground water or of injecting water without negative impacts to NFS resources
or neighboring water supplies and all applicable State authorizations have been
obtained. If the responsible official decides to allow exploration on NFS lands,
a temporary permit may be issued for the exploration and impact-evaluation
phase of the proposal. This temporary permit shall contain any conditions
necessary to minimize impacts to NFS resources.

The construction and production phase includes the construction of all
infrastructure needed to pump, store, and convey water from its source to the
location of use. Once a NEPA decision and all applicable State authorizations
are in place, a special-use authorization is needed to occupy and use NFS lands
for the purposes of constructing and operating facilities designed to produce,
inject, and/or convey ground water (36 CFR 251.54 [g][5]). Refer to FSM
2711 for guidance on the type of permit or easement to issue. Refer to 36 CFR
251.56 for terms and conditions for permit issuance. Construction may be
permitted separately from production. Once a permit is issued, the applicant is
referred to as the holder. The Forest Service may amend the permit at any time,
regardless of the length of time for which a permit is issued (FSM 2711.2).
Continued monitoring of water developments is necessary to verify that their
operation remains in the public interest.

Monitoring and/or mitigation measures necessary to ensure protection of

NFS resources during the construction of water pumping, injection, storage,

or transport facilities are included in annual plans of operation. Mitigation
measures can include the cessation of pumping during critical times of the

year or replacing water to streams and springs. If long-term monitoring

detects additional or unforeseen adverse impacts to forest resources, or if
mitigation measures do not adequately protect forest resources, the permit can
be suspended or revoked (36 CFR 251.60[a][2][D]). To reverse or prevent a
suspension, the holder shall undertake such efforts as are necessary to eliminate
adverse impacts.
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Case Study:
Ground Water
Development,
Tonto National
Forest, AZ

CARLOTA CoPPER
CompaNY WELLFIELD

The Tonto National Forest’s ground water policy evolved from experiences
with ground water development projects on or adjacent to the forest. The
discussion that follows briefly describes the Carlota Copper Company and
Sunflower projects (fig. 2).
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Haoure 2. Ground water development project locations on the Tonto National Forest,

The Carlota Copper Mine site is 6 miles west of Miami, AZ (fig. 2), at an
elevation of approximately 3,700 feet above mean sea level in a rugged,
mountainous, semiarid region. The Carlota Copper Company proposed to
mine 100 million tons of ore from open pits over a 20-year period to produce
900 million pounds of copper. The ore would be leached with a sulfuric acid
solution in a heap leach process. Predicted water requirements for the mine
averaged 590 gallons per minute (gpm) with peak water requirements of 850
gpm during dry months.

The mine was proposed to be located in the Pinto Creek watershed (fig. 3),
which drains into Roosevelt Lake, a major water supply reservoir for the
Phoenix metropolitan area. Pinto Creek, which becomes perennial below the
project area, is a valuable resource on the forest. The creek is a rare perennial
stream in the Sonoran Desert and has been designated as an Aquatic Resource
of National Importance by the EPA, studied for eligibility for inclusion in the
National Wild and Scenic River System, nominated for unique waters status,
named as one of the 10 most endangered rivers in the nation by American
Rivers, and called a “jewel in the desert” by the late Senator Barry Goldwater.
To protect the stream, the Tonto National Forest applied for and received an
instream flow water right from the State that seeks to maintain existing median
monthly flows along a 9-mile reach of the stream located approximately 4
miles below the Carlota project area. These flows range from 1 to 2.7 cubic
feet per second (cfs).
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Figure 3. FPinto Creek.

The mine conducted an extensive search for water and ultimately elected to
use ground water from a wellfield approximately two miles downstream of
the main project area in an area adjacent to the confluence of Pinto Creek and
Haunted Canyon (fig. 4).

Three test wells ranging in depth from 755 feet to 1,220 feet were drilled at the
site. All three wells experienced artesian flows with artesian discharge from

the middle well (TW-2) flowing at 250 gpm. These wells were test pumped to
evaluate the long-term yield potential of the aquifer, and the impact of pumping
on surface-water resources and on water table elevations in alluvium. Well
TW-2 was pumped for 25 days at a rate of 600 gpm. The monitoring network
consisted of three shallow alluvial monitoring wells, four bedrock monitoring
wells, weirs at two springs, and a weir or Parshall flume at two locations in
Haunted Canyon and Pinto Creek.

During the 25-day pump test of TW-2, streamflow at a weir in Haunted
Canyon approximately 2,300 feet south of the TW-2 well declined from
approximately 45 gpm at the start of the test to 5 gpm at the end of the test

(fig. 5). Flow increased progressively to approximately 27 gpm within a few
days of shutting off the pump. The water level in an alluvial monitoring well

in Haunted Canyon, located approximately 1,550 feet south of TW-2, declined
approximately 1 foot during the 25-day test and recovered slowly following the
test.

Based on these test results the Tonto National Forest sent a letter to the Arizona
Department of Water Resources (ADWR) requesting an appropriability
determination. In Arizona, water pumped from a well is considered to be
appropriable if withdrawing that water tends to directly and appreciably

reduce flow in a surface water source. ADWR concluded that the well was
withdrawing appropriable water and would need a water right if it was to be
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Flgure 4. Map of the Carlota Wellield and associated monitoring locations.
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Haure 5. Hydrographs showing the decrease in stream flow and decline of the alluvial water
table during the pump test.

used. The Carlota Copper Company subsequently submitted a water rights
application. The Forest protested the application based on its instream flow
water right downstream on Pinto Creek. The Forest negotiated a wellfield
mitigation program with the mine that seeks to maintain median monthly flows
in Haunted Canyon and Pinto Creek in exchange for the Forest’s withdrawal of
its protest.
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SuNFLOWER WELL

The second ground water development project influencing the development
of the Forest’s ground water policy was the Sunflower Well. This well was
proposed as a water supply source for upgrading a portion of State Highway
87 that carries heavy traffic from the Phoenix metropolitan area to summer
recreation areas in the high country along the Mogollon Rim in north-central
Arizona. Water requirements for highway construction were estimated to be
about 200 gpm for compaction of fills and for dust control.

The Sunflower well was to be located on private land near Sycamore Creek
(fig. 6), which has stream reaches with both intermittent and perennial flow
near the well. Sycamore Creek, like Pinto Creek, is a stream with reaches of
perennial flow in the Sonoran Desert. It supports valuable riparian vegetation,
provides habitat for native fish, and is a popular recreation area. The Record
of Decision for the Environmental Impact Statement (ROD) prepared for

the highway upgrading project stated that construction water would not be
withdrawn from Sycamore Creek. To evaluate the effects of the well on
Sycamore Creek an aquifer test with observation wells and a streamflow
monitoring flume was conducted.

The proposed production well (fig. 6) was completed to a depth of 240 feet

in fractured basalt. Water rose under artesian pressure to a depth of about 20
feet below ground surface. The monitoring network consisted of four shallow
observation wells in the alluvium bordering the creek, two deep observation
wells in bedrock, and a Parshall flume in a perennial reach of Sycamore Creek
just downstream of the well. The aquifer test was originally scheduled for 3
days with the production well pumping at an average rate of 250 gpm.

Fligure 6. Map showing the Sunfliower well and associated monitoring locations. The private
lands are outlined.
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Stock Watering
on Public Land

Water levels in the shallow monitoring wells declined before, during, and
after the test. Water levels declined at a slightly greater rate during the test.
The majority of the decline is believed to be attributable to natural conditions.
The impact of pumping on streamflow through the flume was dramatically
different than the impact to the shallow observation wells. Prior to beginning
the test, the flow rate through the flume was about 90 gpm (fig. 7). About 6
minutes after the pump in the production well was turned on, flow through the
flume started to decline. Approximately 6 hours into the test, flow in Sycamore
Creek declined to the point where there was no longer flow through the flume.
One hour and twenty minutes after the pump was turned off, Sycamore Creek
started flowing through the flume again. Two hours after the pump was turned
off, flow through the flume was 37 gpm; 10 hours after turning the pump off,
flow through the flume was 61 gpm.

Based on the results of this test, the contractor was not allowed to use the well
for the highway upgrade project under the criteria of the ROD.
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Figure 7. Hyadrograph showing the decrease in stream flow during the pump test,

Springs for stock watering have been developed with little regard for the
effects on ground water-dependent ecosystems that depend on springs (fig. 8).
Spring development generally consists of excavation and conveying all water
to a single discharge point. This type of spring development deprives the flora
and fauna that depend on the spring water. A portion of the water from a spring
should be allocated to protect the viability of the dependent ecosystem and the
area should be fenced to eliminate trampling.
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Managing
Ground Water
Quantity

Problems

Detection and
Monitoring

Flgure 8. Example of poor management of a spring on NFS lands,

According to Galloway and others (2003), ground water management includes
the engineering, economic, and political factors that affect the locations, rates,
and timing of hydrological stresses to the ground water system (ground water
withdrawals, artificial recharge, and so forth). These imposed stresses then
affect the responses of the ground water system (ground water levels, discharge
rates, and water quality), which in turn may affect streamflow rates, aquatic
habitats, and other environmental conditions.

In managing withdrawals from a ground water system, it is important to
understand the status of the system and the impacts of any withdrawals. To
understand the status of a ground water system, basic information is needed
on the geologic framework, boundary conditions, hydraulic-head distribution,
water-transmitting and water-storage properties, and chemical distribution.
Any quantitative analysis depends on the availability of data, the development
of a conceptual model based on these data, and an understanding of the factors
affecting the movement of ground water (Galloway and others 2003).

To monitor and evaluate changes in the ground water system, baseline
conditions for the system must first be established. An inventory of existing
wells or other sources of data is a first step in establishing baseline conditions.
Such information may be obtained, often online, from the U.S. Geological
Survey (USGS) water science center that covers the study area, or from the
State engineer’s or State geologist’s offices. Once the status of existing data is
established, areas where additional data are needed can be identified and new
data can be obtained. Examples of needs may include new wells and water
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levels, new stream gages and stream flows, water-quality data, and water-use
data. After baseline conditions are established, new data are collected from
the monitoring network at a frequency appropriate for the problem. For many
problems involving development of new wells or well fields, system response
usually occurs quickly at first, particularly close to the new wells, then more
slowly with time. Daily, or even hourly, observations may be needed close to
the new wells at first. Weekly or monthly observations may be sufficient as
transient effects of pumping begin to decrease.

Ground water systems are dynamic. They respond to short- and long-term
changes in climate, ground water withdrawal, and land use (Taylor and Alley
2001). Monitoring of ground water conditions in response to these changes
requires a monitoring network of observation wells, stream and spring
gages, and meteorological and water-quality stations. Long-term, systematic
measurements from such a network provide essential data needed to evaluate
changes in the ground water system over time, to develop flow models and
forecast trends, and to design, implement, and monitor the effectiveness of
ground water management and protection programs (Taylor and Alley 2001).

Water-level measurements from
observation wells (fig. 9) are the principal
source of information about the hydrologic
stresses acting on aquifers and how these
stresses affect ground water recharge,
storage, and discharge (Taylor and Alley
2001). The ideal observation network
consists of wells drilled specifically for
that network, as well as instrumentation
to collect ancillary hydrological data such
as rainfall and streamflow. Budgetary
constraints may require the use of existing
wells for all or part of the network, but
care must be taken in the selection of
existing wells for use in the network to

enable correct interpretation of the data. Figure O. Water well instrumented for
water-level data collection, satelite
Particularly during low-flow conditions, transmission, and real-time reporting

on the Intemet. (Fhoto by Willam

measurement of stream and spring flow : ‘
Cunningham, USGS Circular 1217, 35.)

may also provide insights about the
response of the ground water system to changing conditions. For example,
decreasing flow in streams or from springs, despite average or above-average
precipitation, may indicate adverse ground water response to pumping.
Changes in ground- and surface-water quality may also be indicative of
ground water responses to both natural and manmade system changes.

Monitoring of ground water use can be a critical component of a monitoring
network. Ideally, pumping wells in the area of interest are equipped with meters
to record the amount pumped, and these values are collected and documented.
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Limiting
Withdrawals
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Conjunctive
Management of
Surface Water
and Ground
Water

Case Study:
Conjunctive Use
of Ground Water
and Surface
Water, Tonto
National Forest,
AZ

Where metering is lacking, electric-power-consumption records or rated
capacity of the well can be used as surrogates for actual pumpage data. Well-
completion information is also crucial to understanding the impacts of ground
water withdrawals. If undesirable effects because of new stresses on the
ground water system are detected, informed management decisions can then
be made. Some of the management options are described in the next sections.
These options may be best evaluated through the use of numerical models,
particularly in areas of complex hydrogeology.

If groundwater withdrawals or springflow diversions are negatively affecting
the ground water system, one management option is to limit the withdrawals to
an established safe yield. Another is to specify the location of the new wells to
minimize negative impacts (fig. 10). Although water levels near the pumping
wells may recover relatively quickly, water-level declines (drawdown) may
still occur at larger distances from the wells until new equilibrium conditions
become established.

Increasing recharge to the ground water system through the use of infiltration
ponds, streamflow diversions, or injection wells can help to offset the effects
of additional pumping by establishing new equilibrium conditions (fig. 11)
(Galloway and others 2003). These methods, however, often require a high
degree of maintenance to the recharge system facilities and equipment to keep
it operating efficiently and may not result in a net positive effect on the targeted
resources.

Conjunctive use is the combined use of surface and ground water to optimize
resource use and minimize adverse effects. Conjunctive use is often a cost-
effective way to mitigate the negative impacts of excessive use of either
resource (Galloway and others 2003). Moreover, the likelihood of more
frequent surface water shortages, as urban and environmental demands on
existing supplies increase, accentuates the differences in reliability between
surface water and local ground water supplies. Conjunctive use can increase
the yield of a water system by using existing resources more efficiently. By
coordinating the use of surface- and ground water supplies at different times,
in response to varying conditions, the overall use of water supplies can be
improved in the short term and better sustained in the long term. Conjunctive
use also can address ground water depletion problems, and help ensure the
adequacy of ground water resources for periods of drought and surface water
shortages.

The Arizona Department of Transportation (ADOT) proposed to upgrade a
52-mile stretch of Highway 260 from Payson to Heber, AZ. Portions of the
highway were to be realigned and the entire stretch was to be upgraded from
two to four lanes. Construction would be completed in segments and plans
called for an 8-year construction period.

Water was required for embankment compaction, dust control, and paving.
Peak water requirements were estimated at approximately 180 gpm. ADOT
investigated several water supply sources, including both ground- and surface-
water supplies (fig. 12).
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Under natural conditions, water that
is recharged to the ground-water
system flows toward the stream,
where it discharges.
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Fgure 11. Schematic of artificial recharge processes (Galloway and others 2003).
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A recreational vehicle (RV) site on NFS land was selected for further study
after investigations of the other sites suggested insufficient water supplies
were available or the likelihood of adverse environmental impacts was too
great. This site was located within a half mile of a stream with reaches of both
perennial and intermittent flow (Little Green Valley Creek), within a mile

of two private land subdivisions that relied on shallow wells for their water
supply, and within a mile of three springs, two on NFS land and one on private
land (fig. 13).
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Figure 13, Locations of the production wells and associated monitoring locations.  The private
lands are outlined,

Before permitting ADOT to use this well field, the Forest Service required a
long-term pump test (38 days) to assess impacts to the springs, Little Green
Valley Creek, and wells on private land. Several wells were drilled at the site
and selected wells were completed as potential production wells. Monitoring
wells were installed at strategic locations around the production wells to
monitor changes in water levels during the extended aquifer test. In addition,
weirs were installed at springs on NFS land and in the channel of Little Green
Valley Creek to monitor changes in flow during the test.

Flow in one of the springs stopped during the test, and flow in the other spring
and in Little Green Valley Creek appeared to be declining, but impacts were
unclear because of storm events during the pump test. Water table elevations
declined in most production and monitoring wells during the test and recovered
to varying degrees following the test. Aquifer test data indicated that a fracture-
flow model should be used to analyze the data. A site-specific fracture-flow
model was subsequently developed for the well field and calibrated against

the pump test data. The model was then run to simulate well field operations
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Dowsing

for the life of the highway construction project (8 years). Model simulations
suggested well field operations had the potential to lower water table elevations
in the wells on private land.

To mitigate impacts to NFS resources and to wells on private land, the Forest
Service required ADOT to discharge 10 gpm into Little Green Valley Creek
and to install two monitoring wells next to the private land. When water table
elevations in these monitoring wells drop more than 10 feet, ADOT is required
to cease pumping.

ADOT was concerned that the aquifer at the RV site would not be able to
supply the water needed for highway construction without dropping below the
10-foot mitigation threshold. After consultations with the Forest Service, the
Arizona Game and Fish Department, the U.S. Fish and Wildlife Service, the
ADWR, and the Salt River Project, a program to divert and use surface water
during winter months and to inject surface waters into the RV site aquifer
during the same time period was developed to prevent adverse water-table
drawdowns in wells on private land. The well-field injection program consists
of three wells with the capacity to inject from 225 to 450 gpm during periods
when surface water is available for injection. The intent is to use the aquifer to
store surface waters when surface waters are available, to restore water-table
elevations in the aquifer, and then to withdraw stored water during periods
when surface water is not available. Note that water-quality issues apparently
were not a significant consideration in this case; careful consideration should
be given to water-quality impacts on the aquifer system(s) used for storage of
surface water prior to approval of any ground water-storage proposal.

ADOT is allowed to divert surface water from Tonto Creek, a tributary to
Roosevelt Lake, from December to April, when riparian vegetation along Tonto
Creek is dormant. Flows are allowed to be diverted from Tonto Creek when
streamflows exceed threshold rates at two gages on Tonto Creek. No more than
10 percent of the flow in Tonto Creek up to a maximum of 1 cubic foot per
second of stream flow can be diverted. Figure 14 displays the mitigation and
conjunctive use measures incorporated into this project.

ADOT must repay the Salt River Project for the water diverted from Tonto
Creek with water from the Central Arizona Project Canal. In Arizona, the
ADWR reviews exchange agreements such as these to ensure that other water
rights holders will not be injured.

In many parts of the world, particularly in rural areas, water-well locations may
be determined by using the services of a “dowser” or “water witch.” Dowsing
is the action of a person who uses a rod, stick, or other device (“dowsing rod”
or “divining rod”) to locate ground water, metallic ores, oil, or other objects
that may be hidden from sight. Dowsers may practice their art either in the field
or over a map of the area of interest. The most common divining rods consist
of either a forked stick or a pair of metallic rods. When the dowser crosses the
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Figure 14, Mitigation and conjunctive use measures incorporated into the project. The private
lands are outlined,

target (either in the field or over the location on a map) the forked stick bends
downward or the pair of metal rods crosses. Many dowsers believe that water
occurs in underground streams or rivers. Although such features are known to
occur in Karst areas, they are relatively rare.

Dowsing has been practiced for hundreds, if not thousands, of years. Dowsers
claim a high success rate, and many anecdotes of successful dowsing can be
found; however, when subjected to scientifically controlled tests, the success
rates of dowsers are no better than random chance (Carroll 2001). The natural
explanation of the dowser’s success is that in many areas water would be hard
to miss. In a region of adequate rainfall and favorable geology, it is difficult
not to drill and find water (U.S. Geological Survey 1993). In fact, some water
exists under the Earth’s surface almost everywhere. To accurately estimate
the depth, quantity, and quality of ground water, a number of techniques must
be used. Hydrological, geological, and geophysical knowledge is needed to
determine the depths and extents of the different water-bearing strata and the
quantity and quality of water found in each.

In response to many inquiries about dowsing, the USGS published a report

on the subject in 1917, which was reprinted several times because of its
popularity. They advised people “not to expend any money for the services of a
‘water witch’ or for the use or purchase of any machine or instrument devised
for locating underground water or other minerals.” Subsequent reprints (Ellis
1938), however, distinguished geophysical methods and equipment, which
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Ground
Water Quality

are commonly used to assist hydrologists in their search for ground water and
minerals, from these types of “water finders.” Federal employees should
never expend public funds on the services of a dowser.

Protection and management of ground water resources includes the
establishment and implementation of water-quality standards that are designed
to (1) protect public health, (2) maintain legally established designated uses,
and (3) minimize impacts to ground water-dependent ecosystems.

One definition of water quality consists of the biological, chemical, and
physical conditions of a water. Contamination can be defined as the
introduction of substances into the hydrological environment that can adversely
affect water quality as a result of human activities. Pollution then occurs when
contaminant concentrations attain objectionable levels (in excess of applicable
standards, health advisories, action limits, and so forth).

Certain land uses are known to cause ground water contamination. Specific
types of contaminants are associated with specific types of land uses and
industries. The Office of Technology Assessment of the US Congress (1984)
identified the following six categories of major sources of ground water
contamination:

1. Sources designed to discharge substances—septic tanks, injection wells,
land application.

2. Sources designed to store, treat, or dispose of substances—Ilandfills,
surface impoundments, mine waste, storage tanks.

3. Sources designed to retain substances during transport—pipelines,
material transport and transfer.

4. Sources discharging substances as a consequence of other planned
activities—irrigation, pesticide and fertilizer application, road salt,
urban runoff, mine drainage.

5. Sources providing a conduit for contaminated water to enter aquifers—
wells, construction excavation.

6. Naturally occurring sources whose discharges are created or enhanced
by human activity—ground water/surface-water interaction, natural
leaching, saltwater intrusion.

Ground water quality is protected by Federal, State, local and tribal
governments through rules and regulations aimed at managing these categories
of contaminant sources. During the 1990s the EPA and State, local and tribal
governments developed ground water protection strategies aimed at preventing
ground water contamination. These strategies focus on proactive measures,
including education, source-water protection, and utilization of public health
authorities to prevent ground water contamination. Also, during the past 10
years the watershed management approach has proven to be effective as a way
to manage water resources, including ground water.
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Application of
Water Quality

Regulations to
Ground Water

Designated uses of water that are protected against water-quality degradation
include domestic, municipal, agricultural, and industrial supply; power
generation; recreation; aesthetic enjoyment; navigation; and preservation and
enhancement of fish, wildlife, and other aquatic resources or preserves.

Water-quality standards that are applied to ground water have been established
by the EPA and State and tribal governments as authorized under the Safe
Drinking Water Act (SDWA), the Clean Water Act (CWA), and State and
tribal laws and regulations. Standards are derived for constituents that may be
harmful to human health or the environment and for constituents that affect
other designated uses. The promulgated values established for individual
constituents are often based on toxicological studies. Applicable standards

for a particular aquifer or ground water system are determined based on State
requirements that may include ground water classification systems, ground
water cleanup goals, or ground water discharge permit requirements. Most
States also have primacy for enforcing the SDWA water-quality standards

for drinking water systems. The EPA has direct implementation authority for
Indian reservations and other selected lands.

Water-quality standards promulgated under the SDWA apply to public-water
systems as defined in the SDWA. A PWS is a system for the provision to the
public of water for human consumption through pipes or other constructed
conveyances, if such system has at least 15 service connections or regularly
serves at least 25 individuals. Numeric standards include the Maximum
Contaminant Levels (“MCLs”) and Secondary Maximum Contaminant Levels
for public drinking-water supplies as established by the SDWA regulations.
In some States, some numeric standards are set based on human-health

risk assessment levels. In other States, the standards for some potential

toxic pollutants, primarily pesticides, are set at laboratory detection limits
(nondetectable levels).

Degradation has been defined as a change in water quality that lowers the
quality of high-quality waters for a particular parameter. States determine
whether a proposed activity may cause water-quality degradation based on
information submitted by an applicant. Contaminants other than carcinogens
are generally regulated under an anti-degradation policy for most natural
waters. That policy allows for an increase in concentration of a contaminant
in ground water, but does not allow for a standard to be exceeded. In at least
one State (Montana), non-degradation rules apply to any activity resulting in a
new or increased source that may cause water-quality degradation because of
carcinogens.

Some States have applied some existing surface water-quality standards to
ground water through statutes or rules administered under State ground water
protection programs. Some States have established preventive action limits
as an early warning of the presence of pollution before beneficial uses are
adversely affected. The purpose is to achieve more stringent protection for
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higher quality ground water. For example, in Utah preventive levels are set in
ground water discharge permits. The levels are set at 10 to 50 percent of the
standard; if pollutant concentrations are detected that exceed the protection
levels, then the source of the problem must be evaluated for potential
correction.

In many States, ground water classification schemes are used to help
determine which standards may be applicable to selected aquifers or ground
water beneath certain areas. Schemes are typically based on the current
and/or potential future beneficial uses of the resource and existing water
quality. Examples are drinking-water use, agricultural use, and industrial use.
Boundary criteria for the classified areas may be physically based or otherwise
determined, such as an aquifer or aquifer zone, a watershed, or a permitted
discharge facility. Total dissolved solids (TDS) concentrations and specific
conductance are commonly used to define the various classes of ground
water (table 1). The classifications are used to establish in situ water-quality
standards for implementing ground water protection programs, permitting
discharges to ground water, and setting cleanup goals at contaminated sites.

lable 1. A common ground water classification systerm based on TDS concentration (mg/L).

TDS* Classification
Less than 1,000 Fresh
1,000 to 3,000 Slightly brackish
3,000 to 10,000 Brackish
10,000 to 50,000 Saline
More than 50,000 Brine

*As a point of reference, the TDS concentration in seawater is approximately 35,000 mg/L.

Uncontaminated fresh ground water is generally suitable for human
consumption, for livestock and other agricultural uses, and for most industrial
uses. Slightly brackish water may not be suitable for those uses, depending on
the relative amounts of the various major ions and trace elements. Brackish,
saline, and brine waters are never suitable for human consumption. In some
cases, brackish water can be used for livestock, but saline and brine waters
never can (National Research Council 1981).

Most State ground water classification schemes are based on TDS. For
example, in North Dakota and South Dakota ground water is classified as
“potentially suitable” for drinking-water use if the TDS level is less than
10,000 parts per million (ppm), and suitable for no specific beneficial uses if
the TDS level exceeds 10,000 ppm. In North Dakota, a second classification
system based on aquifer sensitivity is also used to prioritize ground water
monitoring to track the occurrence of agricultural chemicals and to help
determine State activities in the Underground Injection Control (UIC) Class V
Program.
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In Colorado, a public hearing process in front of the State Water Quality
Control Commission is required to classify specific ground water to set the
applicable ground water-quality standards for protection and regulatory
purposes. The classification scheme includes (1) quality for domestic use, (2)
quality for agricultural use, (3) surface water-quality protection, (4) potentially
usable quality, and (5) limited use and quality.

In many States, facilities that discharge waste or pollutants directly or
indirectly into ground water (other than those regulated under the UIC or
National Pollution Discharge Elimination System [NPDES]) may be required
to apply for a ground water discharge permit. The goal of this program is

to allow economic development while maintaining ground water quality;

in most cases, a limited zone of pollution (mixing zone) is permitted and
quarterly compliance monitoring is instituted by the permittee. Ground water-
quality standards and/or protection levels are used to determine the discharge
requirements.

Facilities required to apply for ground water discharge permits are identified
in the regulations. For example, Colorado requires all facilities under certain
standard industrial classifications to apply for permits and some of these
facilities are covered under a general permit for the UIC program. In Utah,
facilities that pose little or no threat to ground water quality or that are
permitted by other State ground water protection programs (such as septic
tanks and discharges from permitted RCRA units) receive a permit by rule.

Generally, a facility needing a permit submits information to the State

that describes the extent and quality of the ground water, the volume and
composition of the discharge, how the discharge will be controlled or treated
to meet standards and/or protection levels, and proposed inspection and
monitoring plans to ensure compliance with the terms of the permit. In some
States, the permitting process requires a contingency plan to bring the facility
into compliance in the event of a significant release of contaminants to ground
water from the facility. In South Dakota, a discharge plan includes three
permits: (1) a ground water-quality variance, (2) a facility construction permit,
and (3) a discharge permit from the Ground Water Quality Program.

Regulations issued by EPA in 1985 and 1992, pursuant to the CWA, require
the quantification of specific pollutants that impair the quality of surface-water
bodies. The regulations require that total maximum daily loads (TMDLs) be
established for selected streams or stream reaches that exceed water-quality
standards because of contaminant loading. States typically have primacy for
the TMDL program under their water-quality programs. The EPA is required
to determine TMDLs if a State does not do so. While the TMDL programs
typically focus on point-source loads to surface water, loading from ground
water should be considered. It is not a requirement, however.
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The USGS, EPA, and many States maintain a number of water-related
databases that contain water-quality information. Some of these systems are
available on the Internet; however, access to some of them may necessitate a
direct request to the right agency.

The USGS National Water Information System stores data on surface water
stages and flows, ground water elevations, and water quality (http://waterdata|
usgs.gov/nwid). The USGS National Water Quality Assessment Program is

a commonly used source of information on ground water-quality available

in the United States today. Under this program, USGS collects water-quality
data in 60 special study regions of the country, conducts retrospective analyses
of existing data (such as State data), and prepares national-scale syntheses of
the results. Information from this program is also available separately on the
Internet (http://water.usgs.cov//nawga/data.html).

The EPA maintains the nationwide STORET database for water information,
including water quality (http://www.epa.gov/storet/dbtop.html). The EPA is
also developing a National Contaminant Occurrence Database (NCOD) to track
contaminants in ground and surface sources of drinking water. The NCOD

will aid in the identification and selection of contaminants for future drinking-
water regulations, support regulation development or other appropriate actions,
and assist in the review of existing regulations for possible modification. The
NCOD will incorporate data of documented quality from existing Federal
databases on regulated and unregulated physical, chemical, microbial, and
radiological contaminants, as well as other contaminants that are known or are
likely to occur in the source and finished waters of PWSs of the United States
and its territories.

Ground water-dependent ecosystems are communities of plants, animals and
other organisms whose extent and life processes depend on ground water. The
following are examples of some ecosystems that may depend on ground water:

e Wetlands in areas of ground water discharge or shallow water
table.

e Terrestrial vegetation and fauna, in areas with a shallow water

table or in riparian zones.

Aquatic ecosystems in ground water-fed streams and lakes.

Cave and karst systems.

Aquifer systems.

Springs and seeps.

Ecological resources include sensitive fish, wildlife, plants, and habitats

that are at risk from exposure to ground water contaminants or ground water
depletion. Some examples are breeding, spawning, and nesting areas; early
life-stage concentration and nursery areas; wintering or migratory areas; rare,
threatened, and endangered species locations; and other types of concentrated-
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population or sensitive areas. These areas contain ecological resources that
potentially are highly susceptible to permanent or long-term environmental
damage from contaminated or depleted ground water.

Ground water-dependent ecosystems vary dramatically in how extensively
they depend on ground water, from being entirely dependent to having
occasional dependence. Unique ecosystems that depend on ground water, fens
for example, can be entirely dependent on ground water, which makes them
very vulnerable to local changes in ground water conditions. Ground water
extraction by humans modifies the pre-existing hydrologic cycle. It can lower
ground water levels and alter the natural variability of these levels. The result
can be alteration of the timing, availability, and volume of ground water flow
to dependent ecosystems.

Ground water-dependent ecosystems can be threatened by contamination and
extraction. Particular threats include urban development, contamination from
industry, intensive irrigation, clearing of vegetation, mining, and filling or
draining of wetlands. In some caves and peatlands, scientific research into past
environments relies upon the fossil record, and fluctuating water levels and
changes in water quality can destroy this record.

The role ground water plays in controlling ecosystems on public land is poorly
understood. Little information exists in the literature on this topic. Hatton

and Evans (1998) provide an excellent discussion of ground water-dependent
ecosystems in Australia, and the U.S. Bureau of Land Management (U.S.
BLM 2001) discusses the occurrence, ecological values, and management

of springs in the Western United States. Unseen and sometimes poorly
understood, ground water nonetheless fundamentally controls the health of
many ecosystems.

Ground water-dependent ecosystems have many values, including the
following:

e Water-quality benefits. Microfauna in ground water help cleanup
contaminants and may play an important, but not yet fully understood,
role in maintaining the health of surface waters.

e Biodiversity value. Many species depend on habitats maintained by
ground water discharge. They add to the ecological diversity of a region
and can be indicators of the overall biological health of a system. Some
plants and animals that depend on ground water are rare, unique, or
threatened. The ecosystems in aquifers and caves may be among the
oldest surviving on earth. They can be connected to other non-ground
water-dependent ecosystems and thus integrated into many broader
regional ecosystems.

38



Types of Ground
Water-dependent
Ecosystems

Terrestrial
Vegetation
and Fauna

Ecosystems in
Streams and
Lakes Fed by
Ground Water

e Archeological and social value. Some sites, such as springs, may have
cultural significance, especially for Native Americans, and can have
csocial, esthetic, and economic values.

Shallow ground water can support terrestrial vegetation, such as forests

and woodlands, either permanently or seasonally (Baird and Wilby 1999).
Examples occur in riparian areas along streams (Hayashi and Rosenberry 2002)
and in upland areas that support forested wetland environments. Phreatophytes
are plants whose roots generally extend downward to the water table and are
common in these high-water-table areas. Some fauna depend on this vegetation
and therefore indirectly depend on ground water. Terrestrial vegetation may
depend to varying degrees on the diffuse discharge of shallow ground water,
either to sustain transpiration and growth through a dry season or for the
maintenance of perennially lush ecosystems in otherwise arid environments.
Ground water-dependent terrestrial plant communities provide habitat for a
variety of terrestrial, aquatic, and marine animals (U.S. BLM 2001), which by
extension must also be considered ground water dependent. Some species are
quite restricted to these habitats. For example, in Montana northern leopard
frogs occur in fewer than six ponds or sloughs in the Flathead Lake watershed,
and the northern bog lemming is known only from one fen complex in the
Stillwater River watershed (Greenlee 1998).

An additional group of ground water-dependent fauna (including humans) rely
on ground water as a source of drinking water. Ground water, as river baseflow
or discharge to springs, is an important source of water across much of the
country, particularly in the Southwestern United States and other areas with
semiarid climate. Its significance is greater for larger mammals and birds, as
many smaller animals can obtain most of their water requirements from other
sources.

Ranchers in the West have made extensive use of ground water to supply
drinking water to grazing stock. In addition to watering stock, ground water is
also used by native fauna. Provision of water has allowed larger populations

of both wildlife and pest animals to be sustained than would otherwise be

the case. Ground water-dependent vegetation and wetlands may be used

by terrestrial fauna as drought refuges. Access to ground water allows the
vegetation to maintain its condition and normal phenology (for example, nectar
production, new foliage initiation, seeding). Populations of some birds and
mammals retreat to these areas during drought and then recolonize drier parts
of the landscape following recovery. The long-term survival of such animal
populations relies on maintaining the vegetation communities and ensuring that
their water requirements are met.

This category of ecosystem includes many ecosystems that are dependent on
ground water-derived baseflow in streams and rivers (Gilbert and others 1998).
Baseflow is that part of streamflow derived from ground water discharge and
bank storage. River flow is often maintained largely by ground water, which
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provides baseflow long after rainfall or snow melt runoff ceases. On average,
up to 40 percent of the flow of many rivers is estimated to be made up of
ground water-fed baseflow. The baseflow typically emerges as springs or as
diffuse flow from sediments underlying the river and banks. This water may
be crucial for in-river and near-river ecosystems (Stanford and Gonser 1998).
Localized areas of ground water discharge have a largely stable temperature
and provide thermal refuges for fish in both winter and summer (Hayashi
and Rosenberry 2002). Ground water also influences the spawning behavior
of some fish. Reducing the baseflow to ground water-fed rivers could reduce
upwelling or dry out riffles and reduce spawning success.

The ambient ground water flux is likely to be the key attribute influencing a
surface-water ecosystem’s dependency on ground water. The ground water
level in riverine aquifers is important for maintaining a hydraulic gradient
towards the stream that supports the necessary discharge flux. Sufficient
discharge of ground water is needed to maintain the level of flow required
by the various ecosystem components. Contamination of riverine aquifers by
nutrients, pesticides, or other contaminants may adversely affect dependent
ecosystems in baseflow-dominated streams.

Lakes, both natural and human made, can have complex ground water flow
systems (Fetter 2000). Lakes interact with ground water in one of three basic
ways: (1) some receive ground water inflow throughout their entire bed; (2)
some have seepage loss to ground water throughout their entire bed; and (3)
others, perhaps most, receive ground water inflow through part of their bed
and have seepage loss to ground water through other parts (Winter and others
1998). Changes in flow patterns to lakes as a result of pumping may alter
the natural fluxes to lakes of key constituents, such as nutrients. As a result,
the distribution and composition of lake biota may be altered. Conversely,
lakes perched well above local ground water year around may be immune to
depletion of the underlying ground water system.

The chemistry of ground water and the direction and magnitude of exchange
with surface water significantly affect the input of dissolved chemicals to lakes
(Hayashi and Rosenberry 2002). In fact, ground water can be the principal
source of dissolved chemicals to a lake, even in cases where ground water
discharge is a small component of a lake’s water budget. The importance of
ground water is accentuated for dilute lakes (low TDS concentration), such as
those in mountainous regions that rely on ground water as their primary source
of dissolved solids and nutrients. In addition, a considerable proportion of

the buffering capacity in many lakes is because of acid neutralizing capacity
(ANC) contributed by influent ground water. ANC is particularly important for
soft water lakes because of their extreme sensitivity to the adverse effects of
acidic atmospheric deposition.

The transport of nutrients by ground water can be a significant source of
water-quality degradation in lakes. Major sources of nutrient enrichment are
inadequately designed and maintained household septic systems and nonpoint
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pollution sources, such as construction-project and agricultural runoff. The
Lake Tahoe Basin Framework Study Groundwater Evaluation (U.S. Army
Corps of Engineers 2003) was designed to enhance the understanding of the
role ground water plays in eutrophication processes that reduce lake clarity.
The study revealed that ground water contributed 12 percent of the nitrogen
loading and 15 percent of the phosphorous loading to Lake Tahoe. While best
management practices in the Lake Tahoe Basin represent an important step
toward improving lake clarity, BMPs do not always take into account effects on
ground water of either the original practice or the BMP itself.

The interface between saturated ground water and surface water in streams
and rivers is a zone of active mixing and interchange between the two and is
known as the hyporheic zone (Jones and Mulholland 2000, Stanford and Ward
1988, 1993). In mountain streams with typical pool-and-riftle organization,
ground water enters streams most readily at the upstream end of deep pools,
and conversely, surface water moves into the subsurface beneath and to the
sides of riffles (Harvey and Bencala 1993). The hyporheic zone is generally
confined to the near stream area; however, in large alluvial or glacial outwash
valleys (for example, Flathead River, MT) this zone may extend hundreds of
feet away from the river channel. Hyporheic zones can be important for aquatic
life (Gilbert and others 1998, Stanford and Ward 1993). In both gaining and
losing streams, water and dissolved chemicals can move repeatedly over short
distances between the stream and the shallow subsurface below the streambed.
The spawning success of fish may be greater where flow from the stream
brings oxygen into contact with eggs that were deposited within the coarse
bottom sediment or where stream temperatures are controlled by ground water
inflow. Upwelling of ground water provides stream organisms with nutrients,
while downwelling stream water provides dissolved oxygen and organic matter
to microbes and invertebrates in the hyporheic zone. This exchange zone is

an important habitat for many invertebrates, and a refuge for some vertebrates
during droughts and floods.

A similar mixing zone, called the hypolentic zone, occurs at the interface
between saturated ground water and surface water in lakes and wetlands.

In many lakes, the most active portion of the hypolentic zone is located in

the littoral zone in close proximity to the shoreline (Hunt and others 2003,
McBride and Pfannkuch 1975). Distinct vegetation and aquatic communities
are likely to be associated with focused and diffuse discharge of ground water
(Rosenberry and others 2000).

Springs typically are present where the water table intersects the land surface.
In fractured-rock terrain, springs are fed through faults or fractures. Springs

are important sources of water to streams and other surface-water features.
They also may be important cultural and aesthetic features. The constant
source of water at springs leads to the abundant growth of plants, and many
times to unique habitats for endemic species like spring snails (U.S. BLM
2001). Ground water development can reduce spring flow, change springs from
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perennial to intermittent, or eliminate springs altogether. Springs typically
represent points on the landscape where ground water flow paths from different
sources converge. Ground water development may affect the amount of flow
from these different sources to varying extents, thus affecting the chemical
composition of the spring water.

This category comprises the aquatic ecosystems that may be found in free
water in cave and karst systems (Fetter 2000) and within aquifers themselves
(Gilbert and others 1998). Aquifer ecosystems represent the most extended
array of freshwater ecosystems across the entire planet (Gilbert 1996). Their
fauna largely consists of invertebrates and microfauna. Very little is known
about aquifer ecosystems under NFS lands, their importance for biodiversity, or
their importance to the systems into which they discharge.

Some ecosystems, such as floodplains, exist along a continuum between

fully aquatic communities and fully aquifer communities (Danielopol 1989).
Aquifer ecosystems are not confined to near-surface environments. Stygofauna
(animals occupying cave or aquifer habitats) have been identified at depths

of up to 600 meters (Longley 1992). Aquifer ecosystems are characterized

by darkness, consistency, persistence of habitat, and low energy and oxygen
availability. The organisms that inhabit these environments are often
specialized morphologically and physiologically. Their stable and confined
environment results in high levels of endemism and high proportions of

relict species compared with surface environments. Some cave fauna may
have changed very little over the last hundreds of millions of years. Recent
work in northwestern Australia has identified entire major lineages (orders or
classes) of stygofauna that are thought not to have been represented in surface
ecosystems since the Mesozoic Era.

Ground water level, flux, and quality are the three attributes of greatest
significance to cave-karst and aquifer ecosystems. Ground water level

and flux determine the amount of ground water available to support these
ecosystems. Where the composition of aquifer ecosystems changes with depth,
reductions in ground water levels may result in the loss of particular species

or communities of aquatic organisms. Such aquifer ecosystems are highly
specialized and may be lost entirely with changes in ground water level of only
1 to 2 meters (Humphreys 1999).

Many aquifer ecosystems have developed in very stable environments. Subtle
changes in ground water quality because of contamination by agricultural
chemicals, sediment, or septic tank effluent may alter ecosystem function. The
potential sensitivity of aquifer ecosystems to changes in ground water quality
can make them useful as bioindicators (Gilbert 1996).

Wetlands occur in widely diverse settings from coastal margins to floodplains
to mountain valleys. Similar to streams and lakes, wetlands can receive inflow
from ground water, recharge ground water, or do both. The persistence, size,
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and function of wetlands are controlled by hydrologic processes active at each
site (Carter 1996). For example, the persistence of wetness for many wetlands

depends on a relatively stable influx of ground water throughout seasonal and

annual climatic cycles. Characterizing ground water discharge to wetlands and
its relation to environmental factors such as moisture content and chemistry

in the root zone of wetland plants is a critical but highly challenging aspect of
wetlands hydrology (Hunt and others 1999).

Wetlands can be quite sensitive to the effects of ground water pumping. This
pumping can affect wetlands not only by lowering the water table, but also by
increasing seasonal changes in the elevation of the water table and exposing
accumulated organic and inorganic material to oxidation. Some peat-forming
wetlands are highly stable environments that may contain fossil material that
provides insights into past environments. Overextraction of water, like the
draining of wetlands for agriculture and other development, can destroy this
valuable source of scientific data.

Fens are peat-forming wetlands that receive recharge and nutrients almost
exclusively from ground water. The water table is at or just below the ground
surface. Water moves into fens from upslope mineral soils, and flows through
the fen at a low gradient. Fens differ from other peatlands because they are
less acidic and have higher nutrient levels; therefore, they are able to support
a much more diverse plant and animal community. Grasses, sedges, rushes,
and wildflowers often cover these systems. Over time, peat may build up

and separate the fen from its ground water supply. When this happens, the
fen receives fewer nutrients and may become a bog. Patterned fens are
characterized by a distribution of narrow, shrub-dominated ridges separated by
wet depressions.

In North America, fens are common in the northeastern United States,

the Great Lakes region, the Rocky Mountains, the Cascade and Siskiyou
Mountains, and much of Canada. They are generally associated with low
temperatures and short growing seasons. Slow decomposition of organic matter
allows peat to accumulate. Fens provide important benefits in a watershed,
including preventing or reducing the risk of floods, improving water quality,
and providing habitat for unique plant and animal communities. Like most
peatlands, fens have experienced a decline in acreage, mostly from mining and
draining for cropland, fuel, and fertilizer. Because of the large historical loss of
this ecosystem type, remaining fens are rare, and it is crucial to protect them.
While mining and draining these ecosystems provide resources for people, up
to 10,000 years are required to form a fen naturally.

The Forest Service ground water policy is specifically designed to protect
ground water-dependent ecosystems so that, wherever possible, the ecological
processes and biodiversity of their dependent ecosystems are maintained,

or restored, for the benefit of present and future generations. The general
level of understanding of the role of ground water in maintaining ecosystems
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throughout the public lands is very low. Ground water resource managers
and investigators tend to underestimate ecosystem vulnerability to ground
water development, pollution, and land-use change. Planners must recognize
ecosystem dependence on ground water and related processes. Perhaps such
recognition can be best achieved by incorporating ground water resource
inventory, monitoring, and protection into management plans.

The initial step in protecting ground water-dependent ecosystems is developing
an inventory of those systems on NFS lands. Identify and describe their
locations, ecological values, and degrees of dependence on ground water.

Land management plans should then be reviewed and revised as necessary to
incorporate ground water-level, ground water extraction-rate, ground water
recharge-rate targets or other management rules that minimize localized
impacts on dependent ecosystems. The degree of protection will vary according
to the characteristics and dynamics of each ground water system and the
significance of the ground water-dependent ecosystems. Protection may range
from minimal where the aquifer is deep and has little connection to the surface,
to significant where the connection is strong and the conservation value of
dependent ecosystems is high. More localized measures for protecting ground
water-dependent ecosystems may include the following steps:

e Establishing buffer zones around dependent ecosystems, within
which ground water extraction is excluded or limited.

e Establishing maximum limits to which water levels can be drawn
down at a specified distance from a dependent ecosystem.

e Establishing a minimum distance from a connected river, creek or
other dependent ecosystem from which a well could be sited.

e Protecting ground water quality in areas that provide recharge to
dependent ecosystems by limiting the types of activities that can
take place there.

The social and economic costs of the recommended management prescriptions
and protections, as well as the costs related to impacts from use, also need to be
considered. Ground water extractions should be managed within the sustainable
yield of aquifer systems so that the ecological processes and biodiversity

of their dependent ecosystems are maintained or restored. In this process,
threshold levels that are critical for ecosystem health should be estimated and
considered. Planning, approval, and management of developments and land
uses should aim to minimize adverse impacts on ground water systems by
maintaining natural patterns of recharge and discharge, and by minimizing
disruption to ground water levels that are critical for ecosystems.

Ground water-dependent ecosystems can have important values for ground
water users, ecosystem managers, scientists, and the wider community. These
values, and how threats to them may be avoided, should be identified in land
management plans, and actions should be taken to ensure that the ecosystems
are protected.
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An investigation in the Cabinet Mountains Wilderness, Kootenai National
Forest, in northwestern Montana was conducted to assess the potential for
adverse impacts from ground water withdrawal from a proposed underground
mine. The study was prompted by concerns that mining under the wilderness
could modify ground water hydraulics in the fractured bedrock aquifer and
adversely impact the water balance, chemistry, and ecology of the overlying
wilderness lakes.

Ground water plays an important role in the chemical composition of lakes, and
the aquatic ecology of lakes is defined, in large part, by their hydrochemistry.
The importance of ground water is accentuated for dilute lakes, like those in
the Cabinet Mountains, which rely on ground water inputs as their primary
source of dissolved solids and nutrients. Even though the volume of ground
water inflow to these lakes is a small fraction of the annual hydrological
budget, during the short ice-free period when peak biological activity takes
place, ground water inflow can contribute considerable amounts of water and
solutes.

Hydrological and chemical budget evaluations of Cliff Lake (fig. 15) and Rock
Lake, two of the lakes overlying the Rock Creek ore body, were performed

to help predict potential impacts from proposed mining. Nonsteady-state

mass balances using naturally occurring tracers (solutes and stable isotopes)
provided a means for estimating the quantity of ground water inflow into the
lakes and evaluating the water balance over the short summer season.

Over the summer, the chemical composition of the lakes shifts toward that

of local ground water, indicating a direct hydraulic connection to the ground
water system. Compared with solute mass fluxes from precipitation or surface
water, ground water is the principle source of dissolved solute load (fig. 16).
For Rock Lake, ground water supplies about 59 percent of the ice-free season
inflow but contributes 71 percent of the solute load. Similarly, for Cliff Lake,
ground water supplies about 83 percent of the inflow and 96 percent of the
solute load. In addition, a considerable proportion of the buffering capacity is
a result of the ANC contributed by ground water. ANC is important for dilute
lakes, such as these, because of their extreme sensitivity to the adverse effects
of acid deposition.

Unless a surface-water body is directly connected to the underlying ground
water system being affected by such mining, it will not experience significant
disruptions in water or chemical budgets. This study established that Rock
Lake and Cliff Lake are directly connected to the ground water system.
Depletion of ground water inflow by mining-induced changes in hydraulic
gradients and ground water flow paths could cause a shift in the hydrological,
chemical, and consequently, the biological composition of these lakes.

For more information, see Montana Department of Environmental Quality and
USDA Forest Service (2001) and Gurrieri and Furniss (2004).
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Foure 156, Cliff Lake, Cabinet Mountains Wildemess, MT.
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Flgure 16, Water and solute budgets for Rock Lake and Cliff Lake in percent of ice-free season inflow.
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Hardrock Mining

ORE PROCESSING

This section describes some of the activities that commonly cause ground
water problems on NFS lands. See appendix IV for a discussion of possible
techniques for remediating existing ground water contamination.

Prospecting and developing mineral resources on NFS lands, including such
materials as base and precious metals, oil and gas, coal, phosphate and gypsum,
and aggregate and building stone, involve activities and land uses with the
potential to significantly affect both the quantity and quality of the ground
water resource associated with those lands. The primary issues associated with
the major types of mineral development are presented below.

Hardrock mining is defined as the extraction of precious and industrial metals
and nonfuel minerals by surface and underground mining methods (Lyon and
others 1993). In the United States, extensive hardrock mining started in the
1880s and, for the next 70 to 80 years, it was a major industry in many States.
In 1992, more than 500 operating hardrock mines were located in the United
States, of which more than 200 were gold mines. In 1997, approximately 60
mine sites in 26 States were on the Federal Superfund National Priorities List.

Many ore bodies and mines (both old and operating) are on public land
administered by the Federal land management agencies. They are frequently

in areas with relatively little other development. During the first half of the

20" century, environmental controls were very limited or nonexistent. As a
result, numerous abandoned mines are currently causing serious environmental
damage. Many thousand abandoned and inactive mines are on public land.

The USDA Office of the Inspector General estimates that more than 38,000
abandoned and inactive hardrock mines are located on land administered by the
Forest Service.

The two primary methods used to mine metals and minerals include surface,
or open-pit, mining and underground mining. Surface mining methods are
typically used for shallow ore bodies or ore bodies that have a low metal or
mineral value per unit volume of rock, while underground mining methods are
typically used when the ore body is deep or occurs in veins. Hardrock mining
is a large-scale activity that typically disturbs large areas of land. The siting of
a mine is largely dictated by the location of the ore body. Because of the high
waste-to-product ratios associated with mining most ore bodies, large volumes
of mining-related waste are generated. Mine waste includes all of the leftover
material generated as a result of mining and processing the ore.

Ore processing, or milling, refers to the altering of ore rock to (1) create a
desired size of product, (2) remove unwanted constituents, and (3) concentrate
or otherwise improve the quality of the product. Applicable milling processes
are determined based on the physical and chemical properties of the target
metal or mineral, the ore grade, and environmental considerations. Each
method creates its own set of potential contaminants.
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Amalgamation. In this process, metallic mercury is added to gold ore to
separate the gold from the ore rock. When liquid mercury comes in contact
with gold, it bonds with the surface of the gold particles (amalgamation). The
mercury-coated gold particles coalesce or collect into a gray plastic mass.
When this mass is heated, the mercury is driven off and the metallic gold
remains.

Flotation. The physical and chemical properties of many minerals allow for
separation and concentration by flotation. Finely crushed ore rock is added

to water containing selected reagents. These reagents create a froth that
selectively floats some minerals while others sink. Common reagents include
copper, zinc, chromium, cyanide, nitrate and phenolic compounds, and sulfuric
acid and lime for pH adjustment. The waste (tailings) and the wastewater are
typically disposed of in large, constructed impoundments.

Leaching. Leaching typically involves spraying, pouring, or injecting an acid
or cyanide solution over crushed and uncrushed ore to dissolve metals for later
extraction. The main types include dump, heap, vat, and in situ leaching. For
each type, a nearby holding area (typically a pond) is used to store the pregnant
solution prior to recovery of the desired metal using chemical or electrical
processes. Once the desired metal is recovered, the solution is reused in the
leaching process.

In recent years, the most common and problematic technology has been
cyanide heap leaching. In this process, the ore is usually crushed and is placed
on a pad constructed of synthetic materials or clay. A leaching solution is
sprayed or dripped over the top of the pile. Leaching can recover economic
quantities of the desired mineral for months, years, or decades. When

leaching no longer produces economical quantities of metals, the spent ore is
typically rinsed to dilute or otherwise detoxify the reagent solution to meet
environmental standards. If standards are met, the rinsing may be discontinued
and the leached material may be allowed to drain. The spent ore is then
typically left in place.

Management of water at large mine sites is a critical element of mine
operation. At large mine sites that include a mill and a tailings impoundment,
water management can be difficult and complex. The many management
requirements include (1) the dewatering of open pits and/or underground
mine workings, (2) the routing of surface runoff across mine sites, (3) the
use and containment of water used for ore processing, and (4) the need to
meet applicable water-quality standards for all discharges from the mine

site. Historically, the management of water has not focused on prevention of
environmental impacts. Nationwide, there have been numerous incidents in
which contaminated water from a mine site has been improperly discharged to
surface water and/or ground water.
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Both surface and underground mines typically extend below the local

or regional water table. The ground water that flows into the mine pit or
underground workings must be removed to maintain acceptable working
conditions. In open-pit mines, this water is typically pumped out and
discharged to nearby surface waters or ephemeral drainages. In underground
mines, the water can be pumped out and similarly discharged or, under certain
conditions, drainage adits can be constructed at or below the lowest mine level
to allow for free drainage of the water entering the workings. Many precious
metal ore bodies occur in mountainous terrains or regions of continental shield
where the host rock is commonly comprised of igneous and/or metamorphic
rocks. In these types of rocks, ground water occurrence and flow are controlled
by the distribution and orientation of geologic structures, such as fractures,
joints, and faults. In these types of hydrogeological settings, ground water
inflow into mine workings largely occurs only where the mine workings
intersect water-bearing structures.

Hardrock mining typically produces large volumes of solid waste,

including overburden (spoil), development rock, waste rock, spent ore, and
tailings. Waste rock, and in some cases development rock and spoil, can
contain significant concentrations of metals, and therefore may present an
environmental problem. In both surface and underground mining, extraction
of ore waste materials requires the use of heavy equipment and explosives.
The most commonly used explosive is ANFO, ammonium nitrate and fuel oil.
Residual nitrogen in the waste rock and development rock can be leached out
by precipitation and cause contamination of water resources.

Tailings are the waste solids remaining after ore processing. Commonly,
tailings leave the mill as slurry consisting of 40 to 70 percent liquid and

30 to 60 percent fine-grained solids. Tailings and the associated carriage
water (usually mill process water) can contain significant concentrations of
heavy metals and other contaminants. Most tailings are disposed in onsite
impoundments. Historically, tailings impoundments were not lined and were
located without consideration of potential environmental impacts on streams
and floodplains. Modern tailings impoundment design often includes low-
permeability clay or synthetic liners designed to minimize seepage from

the tailings, engineered caps designed to minimize infiltration of water into
the tailings, and collection systems to capture leachate that collects within
the impoundment. Some seepage from tailings impoundments is often
unavoidable, and leachate may infiltrate to underlying ground water.

Spent ore is a waste material that is generated at mines that utilize a

leaching process. The volume of spent ore can be very large and can contain
environmentally significant residual amounts of leaching reagent and dissolved
metals. Both spent ore and tailings need to be actively managed for years after
mine closure to ensure that leachate does not contaminate underlying ground
water.
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Closure of a mining operation occurs during a temporary shutdown of
operations or when the facilities are permanently decommissioned. Depending
on the type of mine, the size and nature of the area of disturbance, and the
type of ore processing used, active management of the mine site and water
management may be necessary for years or even decades after closure. Until
recently, reclamation was limited to grading and revegetating waste materials
and pits to minimize erosion and improve the visual landscape. Permanent
closure now routinely includes some or all of the following: removal/disposal
of stored fuels and chemicals; structure demolition; removal of unnecessary
roadways and ditches; shaft and adit plugging; waste detoxification; capping
of tailings and waste rock; backfilling pits; and active water management,
including assuring that all applicable water-quality standards are met. In
numerous cases, this has meant operating and maintaining a water-treatment
facility. At sites where acid drainage is a problem, post-closure water treatment
may be necessary for decades.

Information on potential environmental impacts related to hardrock mining
has increased greatly in recent years. Numerous investigations and published
reports have documented the release of toxic metals to ground water and
surface water resulting from mobilization and transport of metals from mines
and mine-related facilities.

In hardrock mines, adits and shafts, underground workings, open pits,
overburden, development rock and waste rock dumps, tailings impoundments,
leach pads, mills, and process water ponds are recognized as potential sources
of acidity, metals, sulfate, cyanide, and nitrate. If released in environmentally
harmful concentrations, these contaminants can significantly reduce the quality
and usability of both ground and surface waters. Dissolved metals in ground
waters can make it unsuitable for consumption. If contaminated ground water
provides baseflow to a stream, the aquatic health of the stream and riparian
ecosystems can be impacted. The impacts can be long term and large scale.
They differ with the physical and geological setting of the ore body, type of ore
extracted, the mining method, the method of ore processing, the effectiveness
of water management, and the nature of mine closure.

A variety of complex geochemical and hydrogeological processes control

the transport, attenuation, and ultimate distribution of metals and other mine-
related contaminants in ground water (Drever 1997). Dissolved contaminants
are transported to aquifers through complex overland and subsurface pathways.
This complexity, combined with the large scale of many mining activities

and the numerous mine-related sources of contaminants, makes water-quality
assessments and restoration and remediation of mine sites very difficult.

Precious and heavy metal ore bodies are typically found in fractured-rock
hydrogeologic settings. The extraction and processing of ore over the past 100
years has resulted in the release of heavy metals into the aquatic environment
in mining districts across North America. During the past 10 years, research
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has shown that ground water flow can deliver significant metal loads to
streams in mountainous areas. Adequate control of metal mobility at active
and abandoned hardrock mine sites requires a good understanding of the local
fractured-flow system and its geochemical conditions. The two major types
of potential long-term quality impacts to ground water, acid drainage and
dissolution and transport of contaminants, are discussed below.

Acid Drainage. A major problem at some hardrock mine sites is the formation
of acid drainage, also known as acid rock drainage (ARD) or acid mine
drainage (AMD), and the associated mobilization of toxic metals, iron,
sulfate, and TDS. ARD results from the exposure of sulfide minerals (such

as, pyrite, pyrrhotite, galena, sphalerite, and chalcopyrite) to air and water.
Sulfide minerals are commonly associated with coal deposits and precious
and heavy metal ore bodies. Pyrite (FeS,), the most common sulfide mineral,
reacts with water and oxygen to produce ferrous iron (Fe*?), sulfate (SO,), and
acid (H"). In oxygenated water with a pH greater than 3.5, ferrous iron will
oxidize to ferric iron (Fe™), much of it will then precipitate as iron hydroxide
(Fe[OH],), and additional acidity will be released. Some ferric iron remains
in solution and continues to chemically accelerate the further oxidation of
pyrite and subsequent generation of acidity. As the pH continues to decrease,
the oxidation of ferrous iron and the precipitation of iron hydroxide decreases.
The result is a greater dissolved concentration of ferric iron and therefore a
greater rate of sulfide (pyrite) oxidation. The oxidation of sulfide minerals
can be catalyzed by bacteria; Thiobacillus ferrooxidans is one example.

This bacterium, which is common in the subsurface, can increase the rate of
sulfide oxidation by 5 or 6 orders of magnitude. When low pH water comes
in contact with metal-bearing rocks and minerals, a number of toxic metals

go into solution and are transported by the water. Different metals dissolve
over different ranges of pH. The most common metals associated with sulfide
minerals include lead, zinc, copper, cadmium, and arsenic.

Water, oxygen, and sulfide minerals are necessary ingredients to generate acid
drainage. Water serves as both a reactant and as a medium for the oxidation
process. Water also transports the oxidation reaction products and the
associated dissolved metals. Atmospheric oxygen is a very strong oxidizing
agent and is important for bacterially catalyzed oxidation at pH values below
3.5. Surface water and shallow ground water typically have relatively high
concentrations of dissolved oxygen.

Acid drainage can be discharged from underground mine workings, open-pit
walls and floors, tailings impoundments, waste rock piles, and spent ore from
leaching operations. It can also be released naturally from mineralized rock
located at or near the surface; though, anthropogenic activity in such areas can
enhance its release. It occurs at both active and abandoned mines. No easy

or inexpensive solutions to acid drainage are currently available. The best
approach is to avoid development of a problem through appropriate upfront
planning and analysis. An appropriate management approach to possible acid

51



generation is to isolate or otherwise segregate and specially handle wastes
with acid generation potential. Oxygen contact and water contact with the
isolated material should be minimized. Another approach is to ensure that an
adequate amount of natural or introduced material is available to neutralize
any acid produced. The neutralization approach, however, may not adequately
address all of the solutes that could be released into solution during the
oxidation process. Techniques used to isolate acid-generating materials include
subaqueous disposal, barrier covers, waste blending, hydrologic controls, and
bacterial control.

Transport of Dissolved Contaminants. Dissolved contaminants (primarily
metals, sulfate, and nitrate) can migrate from mining operations to underlying
ground water and surface water. Process water, mine water, and runoff and
seepage from mine waste piles or impoundments can transport dissolved
contaminants to ground water. The likelihood of contaminants dissolving

and migrating from mine waste materials or mine workings to ground water
depends on the nature and management of the waste materials and liquids, the
local hydrogeological setting, and the geochemical conditions in the underlying
vadose zone and aquifer.

Distinguishing between “natural” or background metal loadings and those
resulting from mining is an issue that often arises at hardrock mine sites.

A number of studies have attempted to separate “natural” loading from
anthropogenic loading (Nimick and von Guerard 1998). Researchers have
used water-quality data, including isotopes and tracers, to try to “fingerprint”
water in an attempt to identify loading caused by leaching of unmined ore
bodies from leaching of metals that is enhanced by mining activities. To date,
however, no reliable technique has been developed to clearly separate these
two general sources of loading.

At some locations, naturally occurring substances other than the target minerals
can be a significant source of contaminants. The rocks that comprise ore

bodies contain varying concentrations of nontarget minerals, often including
radioactive minerals. Other minerals may be present at concentrations that

can be toxic and can be mobilized by the same geochemical and hydrological
processes that control transport of contaminants from mine sites. Nontarget
substances that can pose a risk to ground water include aluminum, arsenic,
asbestos, cadmium, chromium, copper, iron, lead, manganese, mercury, nickel,
silver, selenium, sulfate, thallium, and zinc.

The impacts from mining can last for many years. As a result, environmental
monitoring (including early warning, facility specific, and compliance
monitoring), contingency planning and financial assurance have to be in place
for many decades. Geochemical conditions within the ore body, waste rock,
and tailings can change over time and must be tracked. Flexibility therefore is
needed to make necessary changes in water control and water treatment after
mine closure.
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Dewatering of shallow aquifers that are directly connected to surface water
bodies can have a significant effect on the movement of water between these
two water bodies. In mountainous terrain, the fracture-dominated ground water
flow system adds complexity to predicting or monitoring the effects from
mine dewatering. The disappearance of No Name Creek at the Stillwater Mine
illustrates what can happen to surface water resources when mining disrupts
the underlying ground water flow system.

The Stillwater Mine is an underground platinum and palladium mine located
on the Custer National Forest in south-central Montana. The ore body is part of
the Stillwater Complex, a vertically dipping, Precambrian-aged igneous rock
unit. The mine began operations in 1986 and in July 1987 began developing the
East Adit. After driving the adit about 4,000 feet, a large inflow of water was
encountered that peaked at 884 gpm on May 25, 1988 (fig. 17). By July 1988,
the inflow had decreased to its present steady-state rate of 200 gpm.

Overlying the adit is a 60-acre watershed that contained a perennial stream
called No Name Creek. Baseflow of the stream was supported by a bedrock
fracture spring located 830 feet vertically above the adit (fig. 18). At the same
time the large adit inflow was encountered, No Name Creek began to dry up.
By July 1988, the stream and another spring near the portal ceased to flow and
have remained dry ever since.

Under predevelopment conditions, the ground water system was in a state of
dynamic equilibrium and ground water discharging at the spring maintained
the baseflow in No Name Creek. A new state of dynamic equilibrium was
achieved after development of the adit and ground water that previously
discharged to the spring was intercepted by the adit and now discharges

out the portal (fig. 18). Tunneling activities induced a downward hydraulic
gradient in the overlying fractured bedrock aquifer, and subsequent lowering
of the potentiometric surface in the aquifer caused the spring to stop flowing.
The enhanced vertical permeability along preexisting fractures created by the
vertically dipping rocks likely contributed to the strong hydraulic connection
between the adit and the overlying spring.

Interestingly, the flow of Nye Creek located adjacent to No Name Creek

and also overlying the adit was not affected by the initial tunneling. In 1994,
however, three springs in the upper Nye Creek basin were rendered dry by
continued underground development of the ore body. Potential mitigation
measures have been discussed. The most promising is grouting off the
inflows in the underground adit. This effort could reestablish the spring as
well as the baseflow of No Name Creek. This case illustrates consequences
of ground water depletion and the difficulty of predicting the spatial as well
as the temporal impacts from human activities on ground water/surface water
interactions in a fractured bedrock aquifer.
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Coal accounts for one-third of the total energy usage and more than one-half
of the electricity generated in the United States (USGS 1996). In 1998, total
domestic production was 1.18 billion tons (National Mining Association 1999).
Coal production in the West has almost doubled since 1991. Wyoming leads
the nation in coal production; West Virginia and Kentucky are second and third,
respectively. About 60 percent of domestic production is from surface mines
and 40 percent from underground mines. On NFS lands, active coal mining
occurs in Utah, Wyoming, Colorado, and West Virginia.

Strip mining is the most common method of producing coal from surface
mines. Strip mining commonly includes the removal and storage of topsoil, the
removal of any overburden material (spoil), and the subsequent excavation of
the coal seam. As an individual “strip”” advances across the land surface, only
a relatively small area of the coal seam is actively mined. With this method,
the spoil is removed from the advanced side of the active mine face and
concurrently placed on the retreat side where the coal has been mined out.

Two methods of underground mining are commonly used: (1) room and pillar,
and (2) longwall. In room and pillar mining, “entries” or adits are driven into
the coal seam and crosscuts are driven at right angles to the adits at spacings
dictated by the individual mine plan. The result is a checkerboard pattern

of interconnected tunnels or “rooms” and unmined supports or “pillars.” In
longwall mining, numerous crosscuts are developed around a large block of
coal. Once the crosscuts are fully developed the large block is completely
excavated. Longwall mining results in fairly predictable subsidence of the
overlying ground surface.

In surface coal mines, dewatering may be required to lower the water table
so that mining can proceed. Depending on the stratigraphic occurrence of
the coal beds and the aerial extent of the economic coal seams, dewatering
can result in a cone of depression that can extend for miles in the upgradient
direction. Water levels can be lowered in ground water wells that are in the
same hydrostratigraphic unit as the coal. Coal beds are often characterized
by high hydraulic conductivity, and the associated high transmissivity

often makes them attractive for accessing ground water for domestic use,
livestock, and irrigation. It is not uncommon for coal-mining companies to
enter into agreements with well owners to provide alternative water supplies
if domestic, stock, or irrigation wells are impacted. Dewatering can also
reduce ground water discharge to wetlands and springs, particularly if the coal
beds to be mined occur in a confined hydrostratigraphic unit. In this type of
hydrogeological setting, a small lowering of the potentiometric surface can
cause a significant reduction in ground water discharge to surface waters.

Waste materials are generated from coal mining and coal preparation. Spoil
materials removed for surface mining are often used to backfill the excavated
area. Waste material from underground mining is disposed of in mined-out
workings to the extent possible, but it often is placed in a designated waste
rock disposal area on the surface. The waste material from the coal preparation
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process (both coarse material and fine-grained slurry) is typically disposed

in disturbed portions of the mine site. The fine-slurry waste is commonly
disposed of in an impoundment, where the slurry solid settles and the water can
be reclaimed.

As with precious metal mining, coal mining can expose sulfide minerals to
oxygen, water, and bacteria. Pyrite and, less commonly, marcasite (FeS,) and
greigite (Fe,S,) are the primary sulfide minerals found in coal and adjacent
rock. Oxidation of these minerals can generate acidic water and mobilize
and transport heavy metals to ground water and surface water. Mine waste
and coal preparation waste can contain significant amounts of pyrite and
metals, including cadmium, chromium, mercury, nickel, lead, and zinc. These
metals and sulfur can be concentrated in waste materials by factors of 3 to

10 compared to raw coal (National Research Council 1979). Therefore, acid
drainage and associated mobilization of metals and sulfate are potentially
significant threats to ground water resources from coal mining.

Underground coal mining using the longwall extraction method directly leads
the overlying strata to break and fracture as subsidence occurs. Room and pillar
extraction can also lead to fracturing and subsidence. This fracturing of the
overlying strata changes the intrinsic permeability of the strata, and can alter
ground water flow paths, create areas of increased permeability, and cause
fluctuations in the water table. Any changes to the ground water can take years
to establish a new equilibrium. Where the overlying rock strata are thin (less
than about 600 feet) between the mined coal seam and the land surface, rock
fracturing associated with longwall mine subsidence can also directly affect
surface water. With respect to ground water, shallow aquifers could drain

into subsidence fractures, or surface waters and recharge could be diverted

into fractures. Sometimes, underground mining can encounter faults in the
subsurface. The faults can sometimes contain ground water that discharges
into the underground mine. The effects discussed above, however, do not occur
everywhere, and the local geology, occurrence of ground water and surface
water, and mining scenario must be evaluated carefully to ensure an adequate
understanding of a particular site.

Although geophysical and geological investigations are useful for oil and
gas exploration, only exploratory drilling can confirm the presence of
commercially valuable oil and gas reserves. Tens of thousands of exploration
holes are completed every year. The majority of these wells are “dry” holes,
meaning that no commercially significant quantities of oil and gas are
encountered. Oil and gas companies are required to properly plug and abandon
“dry” holes as well as exploration and production wells and injection and
disposal wells that are no longer in use. Plugging and abandonment must

be completed in accordance with State law. By 1993, more than 3.3 million
wells had been drilled in the United States by the petroleum industry, and
approximately 1.2 million wells had been plugged and 1 million had been
abandoned or were inactive (American Petroleum Institute 1993).
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Oil and gas contained in geologic formations is often not under sufficient
hydraulic pressure to flow freely to a production well. The formation may
have low permeability or the area immediately surrounding the well may
become packed with cuttings. A number of techniques are used to increase or
enhance the flow. They include hydraulic fracturing and acid introduction to
dissolve formation matrix and create larger void space. The use of these flow-
enhancement techniques and secondary recovery methods result in physical
changes to the geologic formation that will affect the hydraulic properties

of the formation. Typically, the effects of these techniques and methods are
localized to the area immediately surrounding the individual well, are limited
to the specific oil and gas reservoir, and do not impact adjacent aquifers.

The Forest Service plays only a partial role in the regulation of oil and gas
production activities on NFS lands under lease for oil and gas. The BLM
oversees oil and gas drilling on NFS lands and is the formal leasing agency.
The Forest Service only has responsibility for surface activities and surface
impact evaluation. The EPA and State agencies regulate the disposal of wastes
generated by the development and production of oil and gas. Underground
waste disposal is regulated under the UIC program, which was authorized
under the SDWA. RCRA conditionally exempted wastes associated with
exploration, development, and production of oil and gas from regulation as

a hazardous waste. Exempted wastes include well completion, treatment and
stimulation fluids, workover wastes, packing fluids, and constituents removed
from produced water before disposal.

Exploration, development, and production of traditional oil and gas resources
typically do not significantly deplete ground water. Oil and gas resources are
often developed from geological reservoirs that do not contain significant
amounts of freshwater; however, the development and production of oil and
gas can affect adjacent or nearby aquifers. Potential impacts result from the
creation of artificial pathways between oil and gas reservoirs and adjacent
aquifers. Modification of ground water flow paths may cause fresh ground
water to come in contact with oil or gas. In addition, improper disposal of
waste waters (brine, storm runoff), drilling fluids, and other wastes can impact
the quality of underlying ground water (U.S EPA 1987).

A high risk of fluid migration exists along the vertical pathways created

by inadequately constructed wells and unplugged inactive wells. Brine or
hydrocarbons can migrate to overlying or underlying aquifers in such wells.
This problem is well known in the oil fields around Midland, TX. Since

the 1930s, most States have required that multiple barriers be included in

well construction and abandonment to prevent migration of injected water,
formation fluids, and produced fluids. These barriers include (1) setting surface
casing below all known aquifers and cementing the casing to the surface, and
(2) extending the casing from the surface to the production or injection interval
and cementing the interval. Barriers that can be used to prevent fluid migration
in abandoned wells include cement or mechanical plugs. They should be
installed (1) at points where the casing has been cut, (2) at the base of the
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lowermost aquifer, (3) across the surface casing shoe, and (4) at the surface.
Individual States and the BLM have casing programs for oil and gas wells to
limit cross contamination of aquifers.

Coal-bed methane is natural methane gas that is produced during the
transformation of plant and other organic material to coal (a process called
coalification) and subsequently trapped in coal beds (DeBruin and others
2001). As the coalification process proceeds and lignite, sub-bituminous, and
bituminous coal are formed, various gases, including methane, carbon dioxide,
and nitrogen are released. These gases can then be trapped in the coal beds by
ground water pressure. Two types of methane gas can be created during the
coalification process: (1) biogenic methane, which is produced by bacterial
activity; and (2) thermogenic methane, which is produced by heating, usually
during burial. Coal-bed methane can be stored in four different ways within
coal beds: (1) as a free gas within micropores, (2) as dissolved gas in ground
water that occurs within the coal beds, (3) as adsorbed gas, and (4) as absorbed
gas.

Economically viable coal-bed methane resources can occur in coal fields

that include shallow, thick, laterally continuous coal beds. Historically, coal-
bed methane production focused on high-rank, high-gas-content coal beds.
Recently a new production technique has been developed that makes it more
economical to produce methane from shallow, low-gas-content coal beds.
Using this technique, coal-bed methane well casings are set to the top of the
target coal bed, and the underlying target zone is reamed. A submersible pump
is then used to pump water up the tubing, and the methane gas separates from
the water and flows up the annulus. The flow of methane gas up the annulus
is facilitated by a decrease in hydraulic head because of dewatering. At the
wellhead, gas is piped to a compressor and the “produced” water is discarded.
Coal-bed methane wells go through three stages of production: (1) dewatering
stage—water production exceeds gas production, (2) stable production stage—
maximum methane production and stable water production, and (3) declining
stage—methane production declines until it becomes uneconomic.

In some locales, the production of coal-bed methane requires that large
volumes of ground water be pumped out of the coal seams to recover the

gas. These amounts can vary widely depending on the local hydrogeological
regime. The depletion and disposal of the “produced” ground water is a
significant water-management issue. Because the annual amount of ground
water produced from a coal-bed aquifer can easily exceed the annual recharge,
removing large volumes of ground water can lower local and even regional
aquifer water levels. The result can be reduced yields and increased pumping
costs for wells developed in these aquifers. It is fairly common for companies
that produce coal-bed methane to enter into agreements to provide water to
owners of impacted wells. In most coal-bed methane production areas great
uncertainty exists as to how long it will take to recharge the depleted aquifers
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after methane production has ceased. Depending on the disposal method, the
use of ground water resources in coal-bed methane production areas may be
severely limited for years or decades into the future.

The Western Governors’ Association has published the handbook Coal Bed
Methane Best Management Practices (Western Governors’ Association 2004).
The reader is advised to refer to it.

The quality of coal-bed methane “produced” water can vary significantly.
The quality of some ground water contained in coal beds is very good and is
sometimes used for domestic consumption. Ground water that occurs in coal
bed aquifers can contain significant concentrations of cations such as sodium,
calcium, and magnesium. Many cations are readily sorbed to clay particles
and can be easily exchanged for other cations. Excess sodium sorbed to clay
soil will cause the soil to swell and reduce the soil permeability. The sodium
adsorption ratio (SAR) is a measure of the ratio of sodium to calcium plus
magnesium and is used to provide an indication of the degree to which free
sodium ions could occupy exchange sites on clay particles. High SAR values
can indicate that the use of water for irrigation purposes should be limited. This
is an important issue where “produced” water is discharged to streams above
locations where stream water is diverted for irrigation of crops.

Ground water from coal-bed methane wells is most often disposed of by
direct discharge to ephemeral or intermittent streams. Other disposal methods
include direct discharge to perennial streams, disposal through shallow or
deep injection wells, and recharge to the subsurface through infiltration from
recharge basins (Wireman 2002). It is important to adequately evaluate the
technical and environmental issues associated with the disposal of ground
water produced as a result of coal-bed methane production. Disposal of
“produced” water through injection wells or via infiltration from recharge
basins or spray-irrigation areas facilitates ground water recharge and can result
in lower net loss of the resource. Disposal to perennial streams is more legally
complicated and may require a National Pollution Discharge Elimination
System (NPDES) permit or the State equivalent.

Whether recharge to the subsurface via infiltration or injection is a viable
disposal option for “produced” water will depend on a number of legal,
engineering, and hydrogeological factors. Legal factors that need to be
considered include per