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Foreword

This report responds to a request from the House Committee on interior and Insu-
lar Affairs to assess the ability of current mining and reclamation technologies and meth-
odologies, and of Federal programs and policies, to meet the statutory mandates for
environmental protection in reclaiming the surface of Western coal mined lands.

OTA examined the state of development of Western reclamation technologies and
methodologies, the adequacy and uses of baseline and monitoring data on mined land
reclamation, the reliability of analytical techniques used to predict the impacts of m in-
ing and evaluate the success of reclamation practices, and the encouragement given
to research and to the development and use of innovative permitting and reclamation
technologies. The study also examines the role and effectiveness of lease stipulations
and permit conditions as means of imposing technological or methodological require-
ments for environmental protection and resolving uncertainties in mining and recla-
mation situations. Technical and policy options for resolving uncertainties about, and
for improving the prospects for, successful reclamation on Western Federal lands, in-
cluding research and development needs, are discussed.

OTA received substantial help from many organizations and individuals in the course
of this study. We would like to thank the project’s contractors, who prepared the tech-
nical background analyses; the project’s advisory panel, who provided guidance and
extensive critical reviews; and the many additional reviewers who gave their time to
ensure the accuracy and objectivity of this report.
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Chapter 1

Introduction, Findings, and Options

INTRODUCTION

Surface mining is the oldest method of mining
coal, from the days of pick and shovel and horse-
drawn plows and scrapers, to today’s huge oper-
ations, each covering thousands of acres and pro-
ducing as much as 15 million tons per year. With
the development of technologies for efficiently
mining large amounts of coal by surface meth-
ods, however, came concern about the environ-
mental impacts of surface mining. While stream
pollution and unstable mountainsides have long
been a source of concern in Appalachia, the ef-
fects of surface mining in the Western United
States did not receive a great deal of attention
until the early 1970s. At that time, when the West-
ern industry was beginning to expand greatly, a
National Academy of Sciences (NAS) study cast
doubt on the ability to develop reclamation tech-
nologies and methods suited to the West’s vastly
different climate, topography, geology, soils, hy-
drology, and ecology (2).

As far back as the late 1930s, a few States had
enacted legislation requiring some form of recla-
mation of surfface mined lands, yet serious abuses
continued in many areas. | n the early 1970s, the
Federal Government’s commitment to the devel-
opment and utilization of coal as a vital part of
our national energy future, coupled with the NAS
study and the growth of the environmental move-
ment, led to congressional interest in uniform na-
tional standards for surface mine reclamation.
The 93rd and 94th Congresses passed legislation
containing such standards, but both met a Presi-
dential veto (4). In 1977, the Surface Mining Con-
trol and Reclamation Act (SMCRA, Public Law 95-
87) was approved by Congress and sighed by
President Carter.

SMCRA established minimum national environ-
mental performance standards for surface min-
ing and reclamation. These standards require,
among other things, restoration of disturbed land
to original or better conditions and to the approx-
imate original contour, and minimization of dis-
turbances to the existing hydrological balance.

The standards are implemented through a per-
mit program, and enforced through inspections
and the requirement that mine operators post a
performance bond. In its permit application, a
coal company must submit a detailed mining and
reclamation plan that provides a detailed base-
line characterization of all premining aspects of
the physical and biological environment, predicts
the impacts of mining and reclamation on that
environment, demonstrates the ability to meet the
performance standards during and after mining,
and sets forth a detailed proposal for postmin-
ing land use and management,

While SMCRA established a nationwide pro-
gram for regulating surface coal mining and recla-
mation, it also recognized that because of the
diversity in terrain, climate, biological, chemical,
and physical conditions in coal resource areas,
the primary governmental responsibility for reg-
ulating surface mining should rest with the States.
Therefore, provision was made for State regula-
tory programs consistent with SMCRA, with Fed-
eral oversight.

With the advent of SMCRA, the Federal and
State regulatory authorities, coal operators, and
public interest groups shifted their attention to
the ability of mining and reclamation technol-
ogies to meet the performance standards, to the
reliability of analytical techniques for predicting
the impacts of mining and reclamation, and to
the adequacy of data to support permitting and
leasing decisions.

Moreover, because approximately 70 percent
of Western surface mines incorporate Federal
coal, the public concern and debate in the 1970s
that focused on the Federal coal leasing program
became inextricably linked with the concerns
about the environmental impacts of surface mini-
ng. Thus SMCRA requires that Federal lands be
reviewed to determine their acceptability for all
or certain types of mining, and provides specific
unsuitability criteria that define categories of land
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that must be protected from, or during mining.
These provisions supplemented those of the Fed-
eral Coal Leasing Amendments Act (FCLAA, Pub-
lic Law 94-377) and the Federal Land Policy and
Management Act (FLPMA, Public Law 94-579),
which require the preparation of a comprehen-
sive land use plan before coal lease sales.

In mid-1983, economic and environmental
concerns about the implementation of the Fed-
eral coal leasing program led Congress to suspend
leasing until completion of reports on the eco-
nomic aspects of leasing by a newly appointed
Commission to Review Fair Market Value for Fed-
eral Coal Leasing, and by the Office of Technol-
ogy Assessment (OTA) on the program’s ability
to ensure the development of coal leases in a
manner compatible with current environmental
laws and regulations, including SMCRA and the
land use planning provisions of FCLAA and
FLPMA (3).

The OTA report, Environmental Protection in
the Federal Coal Leasing Program, found that the
basic framework of the program-the legislative
mandates and the use of increasingly stringent
analyses from land use planning to mine per-
mitting—is workable and capable of ensuring
environmental protection upon development of
leased tracts (1). The report concluded, however,
that the 1982 changes in the program regulations
reduced the effectiveness of the statutory require-
ments and increased the risk of adverse environ-
mental impacts from the development of some
leased tracts.

[n particular, OTA found that the increase in
the number of tracts to be evaluated for leasing,
combined with the rotation and attrition of field
personnel, taxed the Bureau of Land Manage-
ment’s (BLM) planning and assessment capabil-
ity beyond the point where BLM could adequately
assess the suitability of the tracts proposed to be
offered for lease. OTA also found that, in many
cases, BLM’s presale data and analyses were in-
adequate to support a decision on whether re-
cently leased tracts and those proposed for future
leases could be developed in an environmentally
compatible manner. Consequently, decisions
about acceptability of tracts for mining had been
deferred beyond lease planning, when they are

supposed to be made, to the Secretarial decision
or mine permitting stage. Decision deferrals also
led to overuse of lease stipulations (conditions
placed on a lease) to address gaps in the data and
analyses and the resulting uncertainties about im-
pact mitigation requirements. These stipulations
would then have to be addressed during permit-
ting. While OTA recognized the importance of
ensuring environmental protection during permit-
ting, mining, and reclamation, it was unable to
evaluate those aspects of the Federal coal man-
agement program within the confines of that
earlier assessment.

As a result, the House Committee on Interior
and Insular Affairs asked OTA to do a follow-on
assessment to assist the committee in its author-
ization and oversight responsibilities for the
implementation of SMCRA. Recognizing “the in-
creasingly important role of mining and reclama-
tion methods in ensuring environmental protec-
tion during and after mine development, ” the
Committee asked OTA to assess “the ability of
current mining and reclamation technologies and
methodologies, and of Federal programs and pol-
icies, to meet the statutory mandates. ” In addi-
tion, the Committee requested “guidance about
methods for evaluating the success of reclama-
tion practices, including an analysis of the levels
and kinds of uncertainty. ” Due to the Commit-
tee’s dual oversight responsibilities for Federal
lands and for the reclamation program, they re-
stricted the scope of the request to Federal sur-
face mined lands in the Western United States.

In response to this request, OTA designed this
assessment to examine six aspects of the imple-
mentation of SMCRA in the West:

1. the state of development of technologies and
methodologies to reclaim Western surface
mined lands;

2. the encouragement given to research and to
the development and use of innovative and
emerging permitting and reclamation tech-
niques;

3. the reliability of methods, or analytical tech-
niques, for predicting and evaluating the suc-
cess of reclamation practices, including an
analysis of the levels and kinds of uncer-
tainty;
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4. the adequacy of baseline and monitoring
data on mined land reclamation in the West-
ern United States, and how those data are
being used to support 1 through 3, above;

5. the effectiveness of lease stipulations and
permit conditions as means of imposing
technological or methodological require-
ments for environmental protection and re-
solving uncertainties in mining and reclama-
tion situations; and

6. technical and policy options for resolving un-
certainties about, and for improvingthe
prospects for, successful reclamation on
Western Federal lands, including research
and development needs.

It should be noted that this study does not at-
tempt to assess the short- or long-term success
of reclamation under SMCRA in the Western
United States. While significant reclamation ex-
perience has been gained in the 8 years since ap-
proval of SMCRA, no Western lands will be eligi-
ble for bond release until 1989 at the very earliest.
Any such assessment would therefore be prema-
ture. Rather, this assessment is limited to analyz-
ing the criteria that may be used to judge the suc-
cess of reclamation, evaluating the reliability of
techniques for predicting the success of reclama-
tion, and defining the remaining uncertainties that
need to be resolved before judgments can be
made about the long-term success of Western
surface mine reclamation.

In response to the Interior Committee’s restric-
tion of the scope of the study to Western Fed-
eral lands, OTA focused on the four Western
leasing regions where there is significant devel-
opment of Federal coal resources by surface
mining methods: the Fort Union, Powder River,
Green River-Hams Fork, and San Juan River Coal
regions (see fig. 1-1 ). Although there are substan-
tial amounts of Federal coal in the Uinta-South-
western Utah Coal Region, all of it is being mined
by underground methods. Similarly, while there
are a number of surface mines in Oklahoma and
Texas that encompass interesting reclamation sit-
uations, there is little Federal coal in those areas,
Also, mines in Washington and Alaska were ex-
cluded because of their limited extent. Surface
mine reclamation on Tribal lands was not evalu-
ated due to the ongoing development of a per-

manent legislative and regulatory program for
those lands.

Finally, OTA limited its analysis to those issues
related to the physical and biological environ-
ment that are specifically addressed by SMCRA:
surface and groundwater hydrology, soils and
overburden, revegetation, and wildlife. While
OTA recognizes that issues related to air quality
and to social and economic impacts and surface
owner consent may be of equal or even greater
concern in some areas, these issues are suffi-
ciently complex that it would not have been
possible to address them adequately in this assess-
ment. Although the physical and biological dis-
ciplines usually are discussed separately in this
report, it is important to keep in mind that sur-
face mine reclamation involves the reconstruc-
tion of the surface and subsurface components
of a total ecosystem, and all of the aspects of that
system are interrelated.

To assist in the formulation of OTA’S response
to the letter of request, background papers were
prepared that evaluate items 1 through 5, above,
for the four disciplines (hydrology, soils, vegeta-
tion, and wildlife). These reports are appended
as volume 2 to this assessment. In addition, the
study was assisted by an advisory panel composed
of experts on Western surface mine reclamation
drawn from the coal industry, environmental or-
ganizations, State and local governments, ranchers,
academics, and independent research organiza-
tions. Interested Federal agencies participated in
advisory panel meetings as ex officio members.
The panel gave OTA guidance on its study plan
and on technical and policy options, and re-
viewed and commented on drafts of the back-
ground papers and this report. While the panel
provided advice and comment throughout the
course of the assessment, the members do not
necessarily approve, disapprove, or endorse the
findings of this report, which are the sole respon-
sibility of OTA.

Volume 1 of the report is organized as follows:

+ chapter 2 presents OTA'’S technical findings
on the major issues identified in this as-
sessment;

+ chapter 3 describes the context for Western
surface mine reclamation, including the four
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Figure I-l.—Five Western Coal Regions
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coal regions, and the methods used in West-
ern surface mining and reclamation;

. chapter 4 outlines the legislative and regu-
latory context for Western reclamation, in-
cluding SMCRA and relevant portions of the
leasing program, and identifies the Federal
and State agencies that implement them;

. chapter 5 discusses the data requirements
and collection methods for surface mine
planning and permitting and assesses the
availability and adequacy of baseline and
monitoring data;

Fort Union
Region

S
7

San Juan
River Region

chapter 6 evaluates the analytical techniques
used to predict the impacts of mining and
to design reclamation strategies;

chapter 7 reviews the criteria and methods
that have been developed to evaluate the
success of reclamation;

chapter 8 examines a variety of specific tech-
nical issues related to the long-term success
of Western surface mine reclamation; and
chapter 9 discusses ongoing research and in-
novation in reclamation, outlines research
needs, and identifies the constraints on re-
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search and options for removing those con-
straints.

The following section briefly reviews OTA’S
findings and lists technical and policy options that
Congress might consider in its oversight of SMCRA
and the regulatory programs. The options, the
congressional and Federal agency actions they
may entail, and their potential costs and bene-

FINDINGS AND

Surface coal mining in the Western United
States is a relatively new activity compared to
Eastern mining, and its operational and regula-
tory characteristics are different from those in the
East. Most Western mines have been developed
since the early 1970s, and, unlike Eastern mines,
many operate on public lands with Federal coal.
The technical uncertainties related to the expan-
sion of surface coal mining in the West, arising
from the West’s vastly different-and highly
variable—climate, topography, geology, soils, hy-
drology, and ecology, were studied prior to
enactment of SMCRA, and the legislative require-
ments for mining and reclamation permits, per-
formance standards, and bonds recognized cer-
tain risks associated with those uncertainties.

Knowledge gained about Western mining and
reclamation situations in the intervening years has
resolved many of the technical issues, and the
prognosis for the long-term success of reclama-
tion in the West has brightened considerably.
Some technical uncertainties still exist about sev-
eral aspects of reclamation, particularly about
methods for delineating overburden material
that may be detrimental to revegetation and
water quality, and about the success of hydro-
logic restoration. These uncertainties were rec-
ognized at the time SMCRA was debated and
approved. The coal industry and the regulatory
authorities have learned a lot more about these
problems in the intervening years, and, while
much work remains to be done, in OTA’S view
the risks these uncertainties may pose to the
long-term success of Western reclamation have
been reduced significantly. Further resolution of
these uncertainties and other outstanding tech-
nical issues wou Id increase the probability of suc-

fits are summarized in table 1-1 and discussed
in greater detail in chapters 2 through 9. Some
of these options would be relatively easy to im-
plement, while others would be more difficult or
controversial. Potential problems with their im-
plementation are noted in the discussion in the
main body of the report.

POLICY OPTIONS

cess as well as the quality of Western reclama-
tion, make permitting and designing Western
surface mines easier, and reduce the costs of reg-
ulation and reclamation.

Resolving Uncertainties

The remaining uncertainties about the recla-
mation of surface mined lands in the West arise
primarily from inadequate or unverified analyti-
cal techniques for accurately predicting the im-
pacts of mining and planning reclamation. In
particular, the geology of some Western coal re-
gions is so variable and/or complex that the oc-
currence of overburden material detrimental to
postmining water quality or revegetation is very
difficult to predict. Similarly, the slow recharge
rate of some Western aquifers makes it difficult
to judge the effectiveness of current plans for
restoration of the hydrologic balance until years
after final bond release. Accurate quantitative
methods for predicting and evaluating impacts
to wildlife also are lacking.

Current regulatory requirements may not pro-
vide sufficient latitude to industry in choosing
predictive and other analytical techniques that
may compensate for these uncertainties. Rather,
reclamation designs based on worst-case impact
assessments must be used, which increases the
cost of mining and reclamation.

Options for resolving these and other techni-
cal uncertainties include:

1. Increase and improve the analysis of moni-
toring data from ongoing mining and recla-
mation in order to improve the accuracy of



Option

Table 1-1 .—Summary of Policy Options

Possible ranges of
congressional action

Federal agency actions

Potential costs and benefits

Resolving uncertainties:
. Analyze monitoring data to improve
analytical techniques

2. Define goals of analysis to focus on
resolving uncertainty

3. Research and development on analyti-

cal techniques and physical and biolog-

ical systems

4. Provide regulatory latitude on selection

of analytical techniques

Data adequacy and management:
5. Standardize data collection methodol-
ogies and data formats in regulations

6. Develop a scoping process for baseline

and monitoring data collection

7. Develop integrated databases from per-

mitting and other information

8. Continue to develop multidisciplinary
approach to data collection/analysis

9. Develop valid methods for generating
and interpreting overburden chemical
data

Evaluating reclamation success:
10. Evaluate phase Il and Ill bond release
criteria

11. Establish procedure for periodic reex-
amination of bond release criteria

None for voluntary industry analysis

Directive in appropriations for OSM
analysis or revision of regulations to
require industry or RA analysis

Amendment of SMCRA needed to man-
date RA analysis plus oversight and
budget authorization

Directive in appropriations

Oversight and authorization

Hearings

Directive in appropriations

Oversight and authorization

Hearings

Directive in appropriations

Oversight and authorization

Directive in appropriations

Oversight and authorization

Amend SMCRA to mandate standardi-
zation

Directive in appropriations

Oversight and authorization

Amend SMCRA to mandate process
Hearings

Directive in appropriations

Oversight and authorization
Mandate development in legislation
Hearings

Oversight and authorization

Directive in appropriations
Oversight and authorization

Directive in appropriations

Oversight and authorization

Hearings

Amend SMCRA to mandate criteria for
specific disciplines

Directive in appropriations

Oversight and authorization

Hearings

Amend SMCRA to mandate procedure
for specific disciplines

Formal rulemaking to specify types of
analyses required

Rulemaking to define goals

Budget reallocation
Continuing supervision or implementation

Analysis of available techniques
Formal or informal rulemaking
Oversight of State programs

Analysis of available methodologies
Formal or informal rulemaking
Oversight of State programs

Formal or informal rulemaking
Oversight of State programs

Budget reallocation

Supervision or implementation of data-
base development

Continued supervision or maintenance
of databases

Commitment to the continual integra-
tion of all available information to
continually refine understanding of
reclamation

Formal or informal rulemaking

Coordination of industry efforts

Oversight of State programs

Analysis of existing and possible
criteria

Formal rulemaking

Oversight of State programs

Analysis of possible procedures
Formal rulemaking

Implementation in Federal program
Oversight of State programs

High for industry, oversight for RAs
High for RAs or OSM, rulemaking and
oversight for OSM

Rulemaking and oversight for OSM
high for RAs or industry

Rulemaking and oversight; improved
cost-efficiency

Government or industry allocation of
research funds

Agency oversight

Supervision of analysis

Rulemaking/oversight for OSM

More flexibility and lower costs for in-
dustry, but also potentially greater
risk of reclamation problems

Supervision of analysis

Rulemaking/oversight for OSM

Less flexibility but also possibly lower
costs for industry

Rulemaking/oversight for OSM

Lower costs and increased efficiency
for industry and agency data collec-
tion and analysis

Initial cost very high

Continued commitment to database
management

Long-term reduction in data collection
costs for all affected Federal and
State agencies and permit applicants

Potential long-term savings for agen-
cies and industry

Rulemaking/oversight for OSM

Supervision of analysis

Ruiemaking/oversight for OSM

Greater certainty for industry and
agencies

Supervision of analysis
Continued implementation
Rulemaking/oversight
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Table I-l.—Summary of Policy Options—Continued

Option

Possible ranges of
congressional action

Post-bond release liability:

12.

Research the identification and han-
dling of deleterious overburden

13. Examine need for congressional policy

on post-bond release reclamation
failure

Technical Issues:

14.

15.

16.

17.

18.

19.

20.

Develop valid test for ABP in Western
overburden and incorporate in
regulatory programs

Collect data on sedimentation and con
trol methods

Promote optimization of the soil
resource

Reexamine woody plant density
standards

Ensure OSM and BLM coordination on
postmining land use characterization
and implementation

Enforce requirements for quantitative
characterization of pre- and post-
mining land uses

Research the costs and benefits of
landscape diversity

Innovation and research:

21.

22.

23.

Clarify regulatory policy on experimen-
tal practices vs. alternate reclamation
techniques

Establish strict schedules for approval
of experimental practices

Establish local advisory committees to
review applications for alternate
techniques

Directive in appropriations
Oversight and authorization

Hearings

Directive in appropriations
Oversight

Hearings

Directive in appropriates
Oversight and authorization
Hearings

Oversight and authorization

Hearings
Directive in appropriations
Oversight and authorization

Oversight and authorization

Oversight

Directive In appropriations
Oversight and authorization

Directive in appropriations

Oversight and authorization

Hearings

Directive in appropriations

Oversight and authorization

Amend SMCRA to mandate schedules

Directive in appropriations
Oversight and authorization
Hearings

Legislation mandating committees

Federal agency actions

Potential costs and benefits

Budget reallocation

Supervision or conduct of research

Eventual Incorporation of research
results in regulatory programs

None

Supervision of research
Formal or informal rulemaking

Supervise data collection
Formal rulemaking

Oversight of State programs
Formal or informal rulemaking
Oversight of State programs

Formal or informal rulemaking
Oversight of State programs

Commitment to coordination on part of
both agencies

Increase BLM scrutiny of permit
applications

Stricter OSM enforcement of smcra

Oversight of State programs

Supervise research

Analysis of results

Formal or informal rulemaking

Adoption of integrated approach to
reclamation planning

Formal or informal rulemaking
Change in OSM approach to both
Oversight of State programs
Formal rulemaking

Implementation of legislation or
rulemaking

Appointment of committees

Oversight of committees

Initial cost high but potential long-term
benefits great for agencies and/or
industry

Greater certainty for all parties

Research cost moderate
Potential long-term benefits great

Data collection costs high
Potential long-term benefits great

Rulemaking/oversight

Lower reclamation costs

Improved prospects for revegetation
success

Rulemaking/oversight

Lower reclamation costs

Improved prospects for revegetation
success and landscape diversity
Fewer postmining land use conflicts
Initial costs slightly higher but poten-
tial long-term benefits great

Slightly higher permit review costs
Greater certainty in reclamation re-
quirements

Potential for long-term benefits in
ecosystem function and viability

Rulemaking/oversight

Lower reclamation costs

Greater regulatory efficiency

Lower review costs

Greater efficiency in permitting

Increased use of experimental practice
option

Less strict review

Initial adjustment likely to be difficult

Major benefits for public confidence in
regulation

Strict definition of mandate and review
schedules could ease adjustment
process
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Table I.1.-Summary of Policy Options—Continued

Option

Possible ranges of
congressional action

Federal agency actions

Potential costs and benefits

24. Increase appropriations for and/or
develop new avenues for funding
research

25. Establish cooperative Western reclama-
tion research organization

26. Establish mechanism for disseminating
research results

Regulatory authority personnel:
27. Provide greater career incentives for
technical personnel

28. Reduce frequency of personnel trans-
fers and rotations

29. Ensure adequacy of State program
funding for technical personnel

30. Evaluate Federal and State roles in
permit review

31. Establish computerized databases on
leasing and permitting decisions

Lease Stipulations:
32. Evaluate the need for and role of lease
stipulations

33. Require BLM to establish uniform per-
mit review procedure and require coor-
dination in development and
documentation of compliance review
for lease stipulations

Reallocation of revenue
Oversight and authorization
Hearings

Oversight and authorization

Directive in appropriations
Oversight and authorization
Legislation mandating establishment

Directive in appropriations
Hearings

Directive in appropriations
Oversight

Directive in appropriations
Oversight and authorization
Hearings

Directive in appropriations
Oversight and authorization

Directive in appropriations
Oversight and authorization
Hearings

Directive in appropriations
Oversight and authorization

Improve management of research
revenues

Assist in determination of resarch pri-
orities

Manage publication and distribution

Oversight of State publication and dis-
tribution

Changes in management and personnel
policies

Oversight of State programs

Changes in management and personnel
policies

Oversight of State programs

Changes in management and personnel
policies

Develop database format
Set up and maintain database

BLM/OSM coordination on analysis

BLM (or USFS) coordination with OSM
in developing lease stipulations

Establish BLM procedure for document-
ing review of compliance with stipu-
lations

Lower administrative costs
Higher research costs

Voluntary industry funding

Potentially high, depending on sub-
scription price

Greater regulatory efficiency

Greater regulatory efficiency

Greater regulatory efficiency
Potentially higher State program costs
Greater regulatory efficiency

Lower permit review costs

Relatively low initial and maintenance
costs

Supervision of analysis

Increased efficiency in leasing and
permit review

Relatively low initial and maintenance
costs

Increased efficiency in leasing and
permit review

“RA” means Regulatory Authority.
SOURCE: Office of Technology Assessment.
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predictive and design techniques (see also
the separate discussion of data, below).

2. Clearly define, in the Federal and State reg-
ulatory programs, the goals of pre- and post-
mining analyses of the potential and actual
impacts of mining and reclamation in order
to ensure that such analyses focus on re-
maining areas of uncertainty and are in-
tegrated with reclamation goals in order to
increase the efficiency of reclamation plan-
ning and permitting (also see option 6).

3. Devote additional Federal, State, and indus-
try research and development resources to
improving the quantitative techniques for
predicting the impacts of mining and design-
ing successful reclamation, and to improving
our understanding of the physical and bio-
logical systems to be reestablished (see sep-
arate discussion of research, below, for more
specific means of achieving this).

4. Examine the Federal and State regulatory
programs to determine whether they pro-
vide sufficient latitude in the selection of
analytical techniques for predicting the im-
pacts of mining and designing reclamation
appropriate to site-specific reclamation con-
ditions in the Western United States, and in-
corporate such latitude where it currently
is insufficient.

Data Adequacy and Management

Although the quantity and quality of data on
Western reclamation have increased dramati-
cally since the passage of SMCRA, data-related
problems still limit the accuracy and efficiency
of reclamation planning and evaluation. First,
the large quantity of data being collected has
raised serious data management problems for
both mine operators and regulatory authorities.
In some disciplines, especially hydrology, the
quantity of monitoring data is so large that regu-
latory authority personnel and resources rarely
are available to review it. The lack of a standard-
ized or computer-accessible format for baseline
and monitoring data also makes it difficult and/or
very expensive for regulatory authorities to re-
view the data, complicates the integration of data
into regional analyses (particularly cumulative
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hydrologic impact assessments), and constrains
the efficient use of available data by other groups.

Moreover, despite recent improvements, col-
lection of reliable data still is difficult for some
parameters, either because standardized data
collection methodologies are lacking, or labora-
tory techniques for generating data need to be
refined, or there are natural obstacles to collect-
ing the data. The lack of reliable methods for in-
terpreting the results of laboratory techniques that
generate chemical data about overburden pose
potential risks to postmining water quality and
revegetation. Repairs are very difficult and costly
if unanticipated overburden problems are found
during reclamation monitoring and evaluation.
Standardized methods for collecting data on flow
and water quality in ephemeral streams and on
wildlife habitat quality also are lacking, increas-
ing the difficulty of industry planning and regu-
latory review of reclamation in these areas. The
lack of monitoring data on spoils recharge from
pump tests contributes to the uncertainty about
the long-term success of hydrologic restoration.

Options for improving data collection and
management include:

5. Incorporate guidelines for standardized data
collection methodologies and formats for
data presentation in the regulatory programs
in order to increase the efficiency and ac-
curacy of industry planning for reclamation,
facilitate regulatory authority review of that
planning, and faciltate the use of baseline
and monitoring data in regional analyses.

6 Develop a scoping process similar to that
used for environmental impact statements
to optimize the quantity and format of base-
line and monitoring data in order to elimi-
nate unnecessary data collection and to fa-
cilitate data review and analysis by operators
and regulatory authorities.

'Develop integrated databases from permit
applications and other sources to facilitate
regional impact assessments and to ensure
that baseline and monitoring data are acces-
sible to other organizations to which such
data could be useful.
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8. Continue to develop a multidisciplinary ap-
proach to data collection and analysis that
integrates actual on-the-ground conditions
with reclamation planning and evaluation
for all of the disciplines addressed.

9. Encourage coordinated research efforts to
develop-valid methods for generating and
interpreting overburden chemical data.

Evaluating Reclamation Success

Criteria for bond release on reclaimed areas
have not yet been formulated beyond the first
phase of release (backfilling the pit) in the five
Western States studied. Furthermore, most ex-
isting evaluation methods and standards have
serious limitations, especially those for evalu-
ating postmining hydrology and revegetation—
the two areas emphasized in the SMCRA per-
formance and design standards. Most past ex-
perience in judging the success of reclamation
has concentrated on revegetation success, yet no
method has been developed that adequately ac-
counts for both temporal variations in environ-
mental conditions and the spatial diversity in
vegetation that occurs over large areas. The tens
to thousands of years that may be required to
resaturate spoil aquifers, and the infrequent peak
flow events in Western drainages mean that
evaluations of reclamation success in these areas
must be made with incomplete knowledge and
predictive techniques. Despite these limitations,
“successful” revegetation and hydrologic resto-
ration are used as the primary indicators of suc-
cess for the other disciplines—soils, overburden,
and wildlife.

Establishing criteria for the second and third
phases of bond release on a statewide or re-
gional basis may be difficult because of the wide
variability among Western mining and reclama-
tion situations. In addition, knowledge about
reclamation in the West is increasing rapidly,
and bond release criteria should be reviewed
periodically or be sufficiently flexible to incor-
porate research and monitoring results. Yet, if
regulators do develop Phase Il and Il bond re-
lease criteria, they may find their flexibility to
establish detailed criteria limited by previously
approved reclamation plans that establish de

facto criteria on a case-by-case basis. A decision
about the appropriate type and level of criteria
best suited to Western mining conditions requires
further study.

Options for increasing the certainty in the suc-
cess evaluation process include:

10. Evaluate the relative expediency of state-
wide versus areal versus mine-specific cri-
teria for all disciplines for the second and
third phases of bond release, and establish
such criteria based on the results of that
evaluation.

11. Establish a procedure for periodic reexami-
nation of bond release criteria that incor-
porates advances in reclamation technology
based on research results and monitoring
data but considers the effects of any change
in criteria on existing permits.

Post-Bond Release Liability

Evaluation of the first phase of bond release
(backfilling) may be inadequate in some areas
to ensure that deleterious spoil material has not
inadvertently been placed in the water table or
in the root zone. While vegetation monitoring
ultimately could reveal the presence of deleteri-
ous spoil in the root zone, subsequent recon-
struction of the affected areas would be very ex-
pensive. Furthermore, the long-term results of
placement of such spoils in groundwater may not
become evident until the spoil has resaturated.
This may not occur for decades or even cen-
turies—long after final bond release—creating
both technological and legal uncertainties about
how such water quality problems would be cor-
rected. While OTA was unable to quantify the
potential for or scope of impacts from this prob-
lem, we believe it to be sufficiently serious that
it should be given high priority in reclamation re-
search and planning. Until judicial decisions on
the issue become available, it is unclear who will
be liable for reclamation problems that arise af-
ter final bond release has been obtained.

Options for clarifying post-bond release lia-
bility include:

12. Support and expand research on ways to
identify and handle deleterious overburden
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prior to and during mining in order to min-
imize the possibility of such material be-
coming an environmental hazard by being
placed in the water table or root zone.

13. Examine the need for a congressional pol-
icy for accommodating post-bond release
reclamation failures in lieu of judicial de-
cisions on a case-by-case basis.

Technical Issues

Technical issues highlighted in this assessment
encompass the technologies, data, and analyti-
cal methods related to the acid-base potential of
Western overburden, the impacts of sediment
control methods, the effects of soil handling on
revegetation, the ability to meet uniform high
woody plant revegetation standards, the charac-
terization and implementation of postmining land
uses, and the potential value of restoring land-
scape diversity.

Acid Potential in Western Mine Spoils

There are conditions under which acid forma-
tion will occur in Western postmining spoils, pri-
marily in portions of the powder River Basin and
in New Mexico. If acid-forming materials are
placed in the postmining root zone, they can be
detrimental to revegetation. But, available tech-
nigues for estimating the acid-base potential of
overburden, and thus the possible magnitude
of its adverse impacts, have produced unrelia-
ble results in the West. As a result, some oper-
ators have failed to identify materials that need
special handling, while others have been re-
quired to special handle some materials unnec-
essarily. Research currently being funded by
Western mine operators is making progress in
solving this problem.

Sediment Control

Sedimentation ponds—the current design
standard for controlling the sedimentation in
streams that is caused by soil and overburden
disturbance in mining and reclamation—are ex-
pensive to build and maintain and increase the
amount of land that must be disturbed in min-
ing. Their storage and release of water also can
have adverse impacts on downstream surface

water quantity and quality. Alternate means of
maintaining sediment production at or below
the level produced from undisturbed Western
terrain are considered proven technology in
agriculture, highway construction, and other
land-disturbing activities. To support a proposal
that the design standards for sediment control be
revised, operators need to demonstrate that alter-
nate means of control are as effective as sedimen-
tation ponds in Western surface mining. Such a
demonstration will require empirical data on sedi-
ment yields and on natural sediment concentra-
tions in streams, plus monitoring data from areas
where alternate controls are in use.

Soil Handling and Revegetation

In the Western coal regions, where natural soils
in many areas are thin and marginally produc-
tive, optimization of the soil resource is essen-
tial to the success of revegetation. Cumulative
Western mining experience suggests that haul-
ing topsoil directly to a reclamation site, rather
than stockpiling it, preserves the biologically ac-
tive component of the soil and thus improves
the establishment of planted and volunteer spe-
cies, and can produce superior lifeform and spe-
cies diversity within a relatively short time. Re-
search in deep soils and the limited monitoring
data available suggest that combining direct haul-
ing with two lifts (separate handling of surface and
subsoils) may produce the best results in reestab-
lishing rangeland diversity. However, State pro-
grams that require salvage of all suitable soil ma-
terials and redressing in uniform thickness may
not promote optimization of the soil resource
in all mining and reclamation situations, and
may add unnecessarily to reclamation costs.

Revegetation of Woody Plants

Because woody plants-trees, shrubs, and sub-
shrubs—are ecologically important in the West,
the revegetation performance and success stand-
ards are tied in part to the reestablishment of na-
tive woody plant species of the same type and
density that existed on the site before mining. This
raises several concerns, especially in areas where
the premining density may be artificially high due
to overgrazing or other factors (primarily Wyo-
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ming, Colorado, and New Mexico). First, even
with the most advanced shrub establishment
technology, there is little field evidence that high
densities can be reestablished over an entire rec-
lamation site during the lo-year liability period,
with sagebrush being among the most difficult to
reestablish.

Second, while groupings of shrubs in moder-
ate to high densities improve habitat quality for
a variety of animal species, high uniform woody
plant densities detract from the quality of the
land for livestock grazing. As a result, ranchers
have undertaken large-scale programs to thin or
kil sagebrush and other woody species, fre-
quently under the auspices of BLM’s rangeland
management program. Lower woody plant den-
sities, if accomplished as groupings based on
premining habitat mapping, could mitigate this
conflict between revegetation requirements and
postmining range management, yet still provide
wildlife habitat as valuable as high uniform pre-
mining densities.

Postmining Land Use

The conflict between shrub density standards
and range management, as well as other reclama-
tion-land use conflicts, can in part be traced to
lack of specificity in designation of the postmin-
ing land use during permitting. Despite legislative
and regulatory requirements for the quantita-
tive characterization of the pre- and postmin-
ing land capability and productivity, the land
use characterizations in most permit applica-
tions reviewed for this assessment are at best
perfunctory. A number of the applications con-
tained land use discussions with little more in-
formation than the statement “The premining
land use is grazing and the postmining land use
will be grazing. ” In some cases, this lack of speci-
ficity can be attributed to inadequate baseline
data in the permit application; in others it is the
fault of the Federal surfface management agency,
which is required to determine, or at least con-
sent to, the postmining land use.

Landscape Diversity

Requiring full restoration of “landscape di-
versity” —the mosaic nature of Western land-

scapes resulting from localized differences in the
physical environment, plant communities, wild-
life populations, and land uses—would go be-
yond the premises of SMCRA and might be too
inflexible for adaptation to changing technol-
ogy and to climatic and other uncontrollable
variables. Yet some attention to the various com-
ponents of landscape diversity is needed to en-
sure long-term ecosystem function. Surface fea-
tures typically eliminated in mining include
rimrock and escarpments, ridges, bad land topog-
raphy, and “microsites” (small premining surface
features important to hydrology or wildlife
habitat).

Some landforms (e.g., hogback ridges and
badlands) are impossible to reestablish, and
others may be too costly or difficult for all but
the most elaborate reclamation plans. Many
others can, however, be mimicked in the post-
mining topography (e.g., a section of unreduced
highwall creates an artificial cliff that simulates
rimrock). Regulatory authorities have required
the restoration of landscape diversity at specific
mines on a case-by-case basis, primarily for vege-
tative communities such as ponderosa pine wood-
lands, woody draws, and wetlands. On the other
hand, regulatory requirements for uniform top-
soil depth and full highwall reduction tend to
homogenize postmining site conditions, and may
discourage diversity in some mining and recla-
mation situations.

Attention to landscape diversity would require
a reclamation plan with integrated analyses of the
relations among the postmining topography, sur-
face and groundwater hydrology, revegetation
communities, land use, and the geomorphology
of the contiguous areas. Long-term research ef-
forts are needed to demonstrate whether the po-
tential benefits of such an approach for ecosys-
tem function and viability would outweigh the
costs.

Options for resolving these technical issues
include:

14. Continue industry and regulatory author-
ity efforts to develop a valid, reliable test
for acid-base potential in Western mine
spoils, and then incorporate the results in
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State guidelines for analytical techniques
and overburden suitability.

15 Increase data collection efforts on the rela-
tive effectiveness of sediment control
ponds versus alternate controls to deter-
mine whether the design standard for sedi-
ment control could be implemented more
flexibly on a case-by-case basis.

16. Implement the regulations on soil salvage
and redressing thickness more flexibly to
promote optimization of the soil resource
and improve revegetation success.

17. Reexamine woody plant density standards
to determine whether lower overall den-
sities accomplished in high-density group-
ings would resolve the postmining conflicts
between wildlife habitat and range man-
agement.

18. Ensure coordination between OSM’S recla-
mation programs and BLM’s range man-
agement programs in the specification and
management of postmining land uses.

19 Enforce the requirements for the detailed
quantitative characterization of pre- and
postmining land uses, productivity, and ca-
pabilities more strictly to provide greater
guidance to operators in reclamation plan-
ning and to land use management agen-
cies in permit application and reclamation
review (see also option 33).

20 Institute a research program to examine the
costs and benefits of a landscape diversity
approach to reclamation.

Innovation and Research

Cutbacks in funding have significantly re-
duced reclamation research. Also, there are few
vehicles for dissemination of research results,
leading to delays in the adoption and regulatory
approval of improved reclamation techniques.
In addition, OSM’S inflexible application of
some designh and performance standards for
reclamation, and strict interpretation of the ex-
perimental practice provision of SMCRA can sti-
fle innovation in reclamation. Although greater
regulatory flexibility might increase the probabil-
ity of challenges to permitting decisions, it also

could increase the long-term quality and reduce
the costs of reclamation, particularly in the areas
of replacement of uniform topsoil depth, tech-
nological design standards for sediment control,
and high uniform shrub density standards.

Options for increasing innovation and re-
search include:

21. Develop a Federal regulatory policy that
distinguishes between formal experimental
practices and site-specific variances or
alternative reclamation techniques in West-
ern mining and reclamation situations, and
provide greater regulatory flexibility in ap-
proving the latter when the operator dem-
onstrates they will be at least as effective
in meeting reclamation standards as tradi-
tional methods or technologies.

22. Establish strict schedules for regulatory au-
thority approval of experimental practices
to ensure that they can be implemented ef-
fectively within the context of the mining
and reclamation schedule.

23. Establish local advisory committees to re-
view permit applications that propose site-
specific variances or alternative reclamation
techniques to ensure that local concerns
about their potential impacts are consid-
ered fully and to facilitate their approval by
the regulatory authority.

24. Increase appropriations for reclamation re-
search and/or develop new avenues for
funding research within existing Federal
(and State) revenues (e.g., from existing
permit fees, royalties and bonus payments
on coal leases, the abandoned mine recla-
mation fund, severance taxes).

25 Establish a cooperative Western reclama-
tion research organization with industry
and government funding to encourage
research on resolving uncertainties, and
promote innovation and information ex-
change.

26. Establish a mechanism for disseminating the
results of research projects and analyses of
monitoring data, such as regular publica-
tion of a newsletter or journal by the OSM
Western Technical Center (or the State reg-
ulatory authorities).
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Regulatory Authority Personnel

Personnel cutbacks, rotations, and turnover
in Federal and State regulatory and land use
management agencies impair retention of an in-
stitutional memory about lease tracts and recla-
mation plans, contribute to regulatory incon-
sistency and inefficiency, increase the cost of
permit and reclamation review, and impair
OSM'’S ability to provide technical assistance to
State regulatory authorities. Two continuing
problems are: 1) the wide disparity among sala-
ries for State employees (at the low end of the
scale), Federal agencies, and industry (at the high
end); and 2) the tendency in government agen-
cies to promote competent technical personnel
to management positions. Both of these encour-
age technical specialists to begin their careers in
the State regulatory authorities but to leave for
government management or industry positions
as soon as they have gained some experience.

Options for preserving technical expertise in
Federal (and State) agencies and improving the
quality and consistency of leasing and permit-
ting decisions include:

27. provide greater career incentives for experi-
enced technical personnel to remain in
Federal (and State) government service, and
to remain in technical positions, through
such means as expanding the grade levels
available to technical and field personnel,
or placing more emphasis on technical ex-
pertise in career advancement.

28. Reduce the frequency of personnel trans-
fers and rotations, and of reorganizations
in Federal agencies.

29. Pay greater attention, in Federal oversight
of State programs, to the adequacy of State
funding for ensuring sufficient technical ex-
pertise, and the adequacy of Federal tech-
nical assistance to the States (e.g., through
personnel details).

30. Reevaluate the respective roles of State and
Federal regulatory authorities in technical
review of permit applications, in order to
eliminate duplication and improve the effi-
ciency of permit review, and to promote
State primacy.

31. Establish computerized databases on Fed-
eral coal leasing decisions and on mining
and reclamation permit decisions to aid
new personnel in becoming familiar with
past actions and their rationale.

The Fate of Lease Stipulations
During Permitting

Determining the fate of lease stipulations dur-
ing permitting is difficult because BLM does not
have an established uniform permit review proc-
ess, and neither BLM nor OSM makes a written
finding that lease stipulations have been com-
plied with in approving a reclamation plan and
permit. The absence of a formal process and any
documentation of its completion is compounded
by the rapid turnover and rotation of BLM per-
sonnel in district and resource area offices, lead-
ing to a lack of institutional memory on the
treatment of lease stipulations during permit re-
view. Based on OTA interviews with BLM per-
sonnel, it is clear that the primary emphasis in
their permit review process is on full and efficient
recovery of the Federal coal resources, and envi-
ronmental review is secondary. Further, the envi-
ronmental review focuses on compatibility with
the approved postmining land use and with the
resource area land use management plan, not on
compliance with lease stipulations.

In examining the BLM lease stipulations them-
selves, OTA found that they are too vague and
general to provide meaningful guidance to les-
sees or permitting agencies on long-term Fed-
eral land use objectives or to fulfill their in-
tended purpose of alerting these groups to
potential reclaimability problems on Federal
lease tracts. The vagueness of lease stipulations
also contributes to the potential for increased
environmental risk in the leasing process due to
inadequate preleasing data and analysis, as re-
ported in OTA’S 1984 assessment of Environ-
mental Protection in the Federal Coal Leasing Pro-
gram, especially in light of the fact that there is
little or no probability that a negative finding of
reclaimability will be made on a tract once it has
been leased.
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Options for clarifying the need for and im- 33, Require BLM to establish a uniform permit
proving the effectiveness of lease stipulations application review procedure that includes
are: documentation of their review of permit

32. Require the Bureau of Land Management
to evaluate the need for and role of lease
stipulations in light of the detailed analy-
sis during permitting of all potential envi-
ronmental impacts of mining and reclama-
tion, and in light of OTA’S 1984 findings
on the value of lease stipulations.

applications for compliance with lease stip-
ulations, and require coordination among
all agencies involved in leasing and per-
mitting on the development of such stipu-
lations to ensure they provide meaningful
guidance on potential reclamation problems.

CHAPTER 1 REFERENCES

1. National Academy of Sciences, Rehabilitation Po-

tential of Western Coal Lands: A Report to the

Energy Policy Project of the Ford Foundation (Cam- 3.

bridge, MA: Ballinger Publishing Co., 1974); see
also Surface Mining: Soil, Coal and Society (Wash-
ington, DC: National Academy Press, 1981 ), and
Coal Mining and Ground-Water Resources in the
United States (Washington, DC: National Academy
Press, 1981).

. U.S. Congress, Office of Technology Assessment,
Environmental Protection in the Federal Coal Leas-

ing Program, OTA-E-237 (Washington, DC: U.S.
Government Printing Office, May 1984).

U.S. House of Representatives, Making Appropri-
ations for the Department of the Interior and Re-
lated Agencies for the Fiscal Year Ending Septem-
ber 30, 1983, Conference Report to accompany
H.R. 3363 (H. R. Rep. No. 98-399, 98th Cong., 1st
sess. 22).

. U.S. House of Representatives, Surface Mining Con-

trol and Reclamation Act, H.R. Report No. 95-218,
95th Cong., 1st sess. 1977.



Chapter 2
Technical Summary



Contents

Page

INtrodUCTiON. . . + . .. 21
Baseline and Monitoring Data . . . ... ... . . 21
Data ColleCtion . . . .. .. 21
Data Management . . . ... ... 23
Analytical TEChNIQUES . . . . . . . o 25
Predicting the impacts of Mining and Reclamation .. .................... 25
Analytical Techniques Used in the Design of Reclamation . .. ... .......... 30
Evaluating the Success of Reclamation . ... ......... ... .. ... ... ... .. .. ... 32
Technical Issues in Western Surface Mine Permitting and Reclamation . . . . . .. 33
Acid Potential in Western Mine Spoils . . ... ... .. ... . . o 33
Sediment Control.. . . . .. ... 34
Soil Handling and Revegetation . . . . ... ... .. .. . .. 35
The Revegetation of Woody Plants . . .. ... .. .. ... . . . .. ... . . .... 35
Postmining Land Use. . . . ... ... 37
Landscape DIVErSILY . . . .. ..o 38
Technological Innovation. . . . . .. ... .. .. . 40
Chapter2 References . . . ... ... 44

Table
Table No. Page

2-l. Summary of Ongoing Research and Innovation at Case Study Mines . . . . . 42



Chapter 2
Technical Summary

INTRODUCTION

A comprehensive national program for the reg-
ulation of surface coal m ine reclamation was in-
stituted in the late 1970s with the enactment of
the Surface Mine Control and Reclamation Act
of 1977 (SMCRA, Public Law 95-87) and the pro-
m u Igation of the permanent regulatory program
in 1979. In the 8 years since SMCRA, substan-
tial improvements have been made in reclama-
tion technologies and methodologies, and the
prognosis for the long-term success of surface
mine reclamation in the western United States
has brightened considerably. Yet recent analy-
ses of surface mine reclamation have raised con-
cerns about the adequacy and use of baseline and
monitoring data; the accuracy of methodologies
for predicting the impacts of mining and the suc-
cess of reclamation practices; the use of lease
stipulations and permit conditions to accommo-
date uncertainty; the development and introduc-
tion of new reclamation techniques; and the sta-
tus of research on mined land reclamation in the
Western United States (2,3,4,5).

This report discusses these issues in the con-
text of permitting and reclamation for the Fed-
eral coal surface mining regions of North Dakota,
Montana, Wyoming, Colorado, and New Mex-
ico, The report evaluates the quantity, quality,
and management of baseline data used to sup-
port premining permitting in the context of the
SMCRA performance standards, as well as the
uses of monitoring data collected during mining
and reclamation; the adequacy and reliability of
analytical techniques used to predict the impacts
of surface coal mining, and to design and evalu-
ate reclamation; and the scope and adequacy of
criteria used to judge the success of reclamation
in the West. The report also examines a variety
of technical issues related to the performance and
design standards for reclamation, identifies re-
search needs, and discusses the remaining un-
certainties that need to be resolved before predic-
tions can be made about the long-term success
of Western reclamation.

BASELINE AND MONITORING DATA

Coal operators collect baseline data-the thor-
ough premining characterization of all surface
and subsurface resources on the mine site—to for-
mulate a mining and reclamation plan and per-
mit application. Baseline data provide the basis
for predicting the impacts of mining and recla-
mation and for defining the postmining land use.
Monitoring data are collected during and after
mining and reclamation to track the impacts of
mining and to refine the reclamation plan, if nec-
essary. Together, these two sets of data enable
the operator to compare premining and postmin-
ing conditions to evaluate the success of recla-
mation.

OTA found that baseline data generally are
adequate for making informed decisions, during
permitting, about an individual mine’s ability

to meet the SMCRA performance standards.
However, the limited ability to manage large
amounts of baseline and monitoring data and,
in a few instances, unreliability of or inconsisten-
cies in data sets, still place limitations on both
reclamation in the field and the advancement of
reclamation science.

Data Collection

Collection of reliable data for some parameters
can be difficult, either because there are natural
obstacles to collecting the data, or standardized
data collection methodologies are lacking, or lab-
oratory techniques for generating data need to
be refined. Many data inadequacies could be
overcome quickly. For example, the unreliabil-
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ity of some laboratory analysis techniques for
generating chemical data about overburden is a
serious limitation on the extremely important
problem of delineating overburden strata that
may be detrimental to revegetation or postmin-
ing water quality. Itis rapidly becoming appar-
ent that techniques borrowed from soil science
are inadequate because of the physical and
chemical differences between soil and overbur-
den, and that new tests must be devised. Work
on developing new sampling, sample prepara-
tion, and laboratory analysis techniques could
produce results rapidly.

Lack of coordination in data collection and
of standardization in collection methods pose
an obstacle to meaningful regional data com-
pilation and analysis that also could be over-

come. These are particularly a limitation on the
predictive accuracy of cumulative hydrologic
impact assessments (CHIAS) of all existing and
anticipated mining within an area.  To be valid
in the quantitative models used for such manda-
tory assessments of regional impacts, hydrologic
data must be collected throughout the entire re-
gion over the same time periods and with the
same methods. Statistical techniques currently are
used to accommodate differences among data
sets, with the magnitude of the predictive error
increasing with the magnitude of the differences
and the number of assumptions that must be
made.

Operators and regulatory authorities are be-
ginning to move toward the necessary standard-
ization. The Wyoming regulatory authority, for
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example, requires operators in the vicinity of
Gillette, Wyoming, to coordinate their ground-
water data collection efforts. These operators
formed the Gillette Area Groundwater Monitor-
ing Organization (GAGMO), and they collect
data on or around October 1 of every year and
subsequently publish it for interested parties.
Such coordination of data collection is rare,
however, and the operators and regulatory au-
thorities should consider extending it to other
areas and disciplines.

The lack of standardized methodologies for
collection of some data seriously limits their use-
fulness. Standardized surface water quality data
collection methods do not exist for ephemeral
streams, which comprise the majority of streams
in the Western mining regions. Because such
streams flow only in response to runoff events,
their infrequent and unpredictable flows will con-
tinue to limit the availability of data. As a result,
the usefulness of ephemeral stream data is se-
verely limited in predictions of the probable
hydrologic consequences (PHC) of mining and
reclamation and in CHIAS, and it is difficult for
regulatory authorities to assess compliance with
hydrologic performance standards.

Standardized data collection methodologies
also are lacking for wildlife. The mobility and
adaptability of wildlife make it unlikely that ac-
curate animal population data suitable for quan-
titative impact assessments ever wil be available.
The difficulty in collecting accurate population
data has prompted a shift in focus in the wildlife
baseline studies required in most States from col-
lection and analysis of population data to the
description and delineation of habitat extent and
quality. But the development of standard meth-
odologies for quantitative measurement of the
various physical and floral features of wildlife
habitats has not kept pace. Such standardized col-
lection methods are necessary for the reliable
prediction and analysis of wildlife impacts, and
for the development of design criteria for impact
mitigation measures such as rock piles and nest
boxes, Standardization is particularly important
when wildlife data are of regional concern, as
large mammal, raptor, and game bird data are,
because such data have many potential users. At
present, impact analyses and mitigation design

are based on the professional judgment of wild-
life biologists, which has proven accurate in the
few attempts at statistical verification based on
available population data.

While these data collection problems intro-
duce some uncertainties in the reliability of
methods for predicting and evaluating mining
impacts and reclamation success, OTA did not
find them to to be a large problem in the per-
mitting or monitoring of Western surface coal
mines. Their primary effect has been to increase
the cost of reclamation due to the need to design
for worst-case impacts. It also might be more dif-
ficult for regulatory authorities to review permit
applications because of the need to verify statis-
tical analyses.

Data Management

The large quantity of data being collected has
caused serious data management problems for
both mine operators and regulatory authorities.
First, data collection has outpaced analysis. OTA
found that it is not uncommon for the Office of
Surface Mining (OSM) or the State regulatory au-
thorities to require operators to collect data that
are never analyzed or reviewed. This problem
is most apparent in monitoring data for disciplines
that tend to be data intensive (overburden and
hydrology), although OTA also found a few in-
stances of lack of analysis of baseline data.
SMCRA requires extensive hydrologic monitor-
ing, but the amount of hydrologic monitoring
data operators submit to regulatory authorities
is so large that personnel and resources rarely
are available to review it. Only in Wyoming has
the regular review of monitoring data become a
standard part of the State’s annual review of min-
ing operations; even there, available personnel
are unable to analyze all of the monitoring data
that have been submitted. In many areas, the op-
erators’ collection and submission of monitoring
data has become perfunctory. “Scoping” proc-
esses to examine which baseline and monitor-
ing data actually are needed for permit compli-
ance and reclamation success evaluations, and
subsequent revision of data collection require-
ments, could facilitate data management and
analysis.



24 7 Western Surface Mine Permitting and Reclamation

The lack of review or analysis of monitoring
data also means that an important opportunity
is being lost to validate the analytical techniques
used to predict the impacts of mining and to de-
sign and evaluate reclamation. Optimizing the
quantity and format of such data would facilitate
its use in confirming the validity of the predic-
tions based on it.

The problems with data quantity and manage-
ment are compounded by the format in which
data are submitted to the regulatory authorities.
The permit applications themselves are a prime
example of costly data collection whose utility
is circumscribed by an inaccessible format. West-
ern surface mining permit applications typically
consist of 25 to 30 3-inch thick 3-ring binders of
data (and analysis), all in hard copy, which re-
side on shelves in regional OSM and State regu-
latory authority offices. The data generally are not
reduced or made computer accessible and, with
the exception of more recent permit applications
in Wyoming and Colorado, there is no standard
format for the applications. As a result, only the
preparer of the application and the regulatory
agency staff who review it can find information
in the numerous volumes without an extraordi-
nary commitment of time and effort. Although
the data in permit applications could be useful
to parties other than the permittee and the reg-
ulatory authority (for instance, the Bureau of
Land Management (BLM) in fulfilling its respon-
sibilities under the Federal coal leasing pro-
gram), the sheer volume and inaccessible for-
mat of the data at best discourage, and at worst
prohibit, such uses.

Data collection and management for permit
applicants and regulatory authorities also could
be more efficient if the data in the general liter-
ature were of uniform quality and format. Data
on the soils, geology, hydrology, vegetation, and
wildlife of the Western coal provinces are col-
lected by Federal and State agencies, universi-
ties, and independent research organizations, but
their usefulness in preparing a permit application
varies. Most regional data collected by govern-
ment agencies are too few over too large an area
to fulfil permitting requirements, while data from
academic and independent research usually have
the opposite problem. Much of this information

also has quality control problems due to the lack
of standardization in the data collection tech-
niques used. In many cases, the data have not
been made accessible by computer or published.

Although such data rarely meet all the regu-
latory requirements for baseline or monitoring
data, they may serve as a good starting point.
U.S. Geological Survey hydrologic and geologic
data and U.S. Soil Conservation Service soils data
frequently are incorporated in permit applications
but must be augmented with more detailed, site-
specific information to meet regulatory require-
ments. Most of the available vegetation and wild-
life information, however, is useful only to pro-
vide a preliminary profile of the mine site and to
highlight potential reclamation problems or other
factors to guide the applicant’s data collection
efforts.

The large amounts of data in permit applica-
tions and the general literature about the re-
sources of Western mining regions have led oper-
ators and regulatory authorities to question
whether there is significant duplication of data
collection efforts that could be eliminated through
the compilation of comprehensive, computerized
disciplinary databases, Because the data require-
ments for permit applications are highly site-
specific, OTA did not find redundancy in data
collection to be a significant problem within the
mine permitting process. However, the devel-
opment of comprehensive databases from per-
mit applications and other sources would im-
prove the background information available to
permit applicants and regulatory authorities.

Because of the data management problems
outlined above, OTA did find redundancy be-
tween permit application and monitoring data
and the data collection efforts of other groups.
Comprehensive disciplinary databases could
eliminate this redundancy. Such databases
would be especially useful to Federal and State
agencies and research groups working in the
areas of hydrology, soils and geology, and wild-
life. As mining in the West expands and the
amount of permit data collected grows, these
groups will continue to repeat permit applicants’
data collection efforts if the data in the applica-
tions are not made more accessible and useful.
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ANALYTICAL TECHNIQUES

Operators and regulatory authorities use a wide
range of methods to interpret and analyze data
when predicting the impacts of mining and recla-
mation and in designing reclamation, and the ulti-
mate success of reclamation may depend on the
validity of those methods. Some analytical tech-
nigues in use, however, do not consistently pro-
duce realistic predictions or valid interpretations
with available data, or must rely heavily on as-
sumptions to compensate for data inadequacies.

Predicting the Impacts of
Mining and Reclamation

In predicting the impacts of mining and recla-
mation, assessments of the quality and quantity
of surface and groundwater resources and of the
soil resource and the material within the postmin-
ing root zone are of major concern because they
are critical to the postmining ecology, yet they
are subject to a high degree of uncertainty. Im-
pacts on vegetation, and to a limited extent wild-
life, are determined indirectly from the predicted
characterization of the postmining soil and water
resources.

Hydrologic Impacts

SMCRA requires mine operators to conduct
assessments of the probable hydrologic conse-
quences (PHC) of mining and reclamation both
on and off the mine site, and requires regulatory
authorities to perform the CHIAs.1 The PHC de-
termination covers all potential impacts to sur-
face and groundwater from a single mine, and,
historically, has addressed the 5-year term-of-
permit mining area. The CHIA expands on PHC
determinations to encompass offsite components
of the hydrologic system that are likely to be ad-
versely affected by the cumulative effects of all
existing and anticipated mines for the proposed
life of the mines. PHC determinations and CHIAS
use combinations of analytical techniques for pre-

'The discussion of PHCS and CH | As reflects the typical practices
In the mine permit applications reviewed for this assessment. Re-
cent court decisions require the regulations governing hydrologic
assessments to berevised, and the scope of these assessments may
change in the future (see ch.4).

dieting impacts on surface and groundwater
quantity and quality.

Groundwater Quantity .—The development
and use of quantitative methods for predicting
impacts to groundwater quantity during min-
ing—pit inflows and associated drawdowns—
has tended to lag behind other quantitative de-
velopments in groundwater science. The effects
of this are evident in the wide range of analyti-
cal techniques used in the mine permit applica-
tions reviewed for this assessment, which varied
from simple linear extrapolations based on his-
torical trends to sophisticated computer models.
State regulations and guidelines for analysis pro-
vide essentially no assistance in selecting the ap-
propriate technique for site-specific conditions.

Where substantial amounts of accurate and
consistent data are available, simple linear ex-
tensions of historical trends can predict ground-
water quantity impacts during mining with rea-
sonable accuracy, provided that no changes are
made in mining rates or methods, and no unfore-
seen boundary effects are encountered. The im-
pact assessments in earlier (roughly pre-1 980) per-
mit applications generally are based on one or
more of the basic methods available for such lin-
ear extensions of historical trends.

The more recent permit applications show an
evolution toward the use of more sophisticated
mathematical models for predicting pit inflow
rates and drawdowns. These techniques usually
involve the repetitious solution of several ground-
water equations, each suited to a particular aspect
of the local hydrogeology or the pit progression,
or to both. Because the premining understand-
ing of the groundwater hydrology of the area is
incomplete, simplifying assumptions about the
hydrologic system and about initial and bound-
ary conditions have to be made.

Relatively simple analytical models are widely
known among industry and regulatory person-
nel and can be duplicated easily, which facilitates
regulatory review. However, they cannot account
for the wide variations in aquifer hydraulic char-
acteristics and boundary conditions normally en-
countered in mining, and their results can only
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reflect a limited range of possible pit configura-
tions and “worst-case” predictions. Their ac-
curacy can be improved by using monitoring data
to continually refine the predictions.

More complicated numerical flow models are
becoming more common among large operators
in the West, who have the personnel and re-
sources to use them. Such models are better able
to represent the wide range of physical and tem-
poral variations in a system, can incorporate more
sophisticated sensitivity analyses, and are not lim-
ited by some of the restrictive assumptions nec-
essary for simpler analytical models. However,
numerical flow models are time-consuming to set
up initially in that they require extensive input
data and substantial calibration and verification.
They also can be more difficult for the regulatory
authority to review without proper documenta-
tion. Of 138 numerical models surveyed in 1980,
only 20 were fully documented, were not pro-
prietary, and had been applied in the field, and
thus met all the requirements for a “usable”
model (1).

A continuing problem in most mine permit ap-
plications is the applicant's failure to justify,
based on its suitability for mine-site hydrogeo-
logic conditions, the selection of a particular
analytical technique for predicting groundwater
guantity impacts during mining, and to describe
the assumptions inherent in the analysis. In
many instances, the lack of this information
renders the analysis difficult to evaluate even for
an experienced hydrologist, and hinders the reg-
ulatory authorities’ evaluation of the mining and
reclamation plan until the necessary documen-
tation is prepared by the permit applicant.

After mining, the geology, geochemistry, and
hydrology of the site have been altered, and i t
is necessary to predict: 1) the nature and sources
of spoils recharge, including postmining spoils
aquifer characteristics; 2) the time of spoil
resaturation and reestablishment of hydraulic
equilibrium; and 3) postmining spoils water
quality. Groundwater recharge to the spoils is dif-
ficult to quantify without monitoring data because
it is a function of the spatial and temporal distri-
bution of precipitation, topography-runoff rela-
tionships, and the unsaturated and saturated hy-

draulic properties of a spatially heterogeneous
geologic environment.

Where field data on spoil hydraulics and
groundwater recharge are available—primarily
the older mines in Montana and North Dako-
ta—spoil-aquifer hydraulic characteristics and
spoils recharge can be measured directly. Un-
fortunately, few field data have been collected
due to the youth of the Western surface mining
industry. As a result, most operators must esti-
mate recharge from surface sources using a water
budget approach that calculates soil moisture
storage and infiltration. They also must predict
postmining spoils aquifer flow characteristics
using groundwater modeling techniques similar
to those outlined above. The regulatory author-
ities use similar predictive techniques in order to
set recharge parameters.

The time required for spoil resaturation and
reestablishment of hydraulic equilibrium is a func-
tion of both the spoils aquifer characteristics and
the sources and amount of recharge. Estimates
in the Western mining regions range from as few
as 10 to as many as 2,900 years for the replaced
spoil aquifers to reach a steady-state condition
whereby groundwater flow patterns are fully re-
established. While this introduces uncertainty
about the long-term success of hydrologic resto-
ration in some areas, that uncertainty was rec-
ognized in SMCRA and not considered so great
that mining should be foreclosed in such areas.
Continued analysis of field data on spoils recharge
would reduce the level of uncertainty.

Groundwater Quality .—The validity and ac-
curacy of predictions of groundwater quality
impacts—primarily levels of total dissolved
solids (TDS)-are critical because, given the long
period of time some spoils may require to be-
come fully saturated and groundwater flow pat-
terns to be reestablished, there may be no way
to verify predictions with actual results. Analy-
sis and prediction of postmining groundwater
quality impacts are very difficult, however, be-
cause the magnitude of such impacts is highly
variable, the processes governing water-quality
changes are poorly understood, and the proc-
esses controlling recharge rates are unknown. As
a result, there is little agreement as to the best
method for producing consistent, valid predictions.
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Most operators in the West measure water-
soluble constituents i n the spoils and relate those
values to observed spoi | water quality at the mine
site, However, the samples of water and over-
burden selected for testing and the mixing ratios
and contact times may not be representative of
postmining conditions. Deterministic models of
the chemical processes responsible for the evo-
lution of spoil water quality are under devel-
opment.

Monitoring programs can be used to verify as-
sumptions made about the trends of spoils-
water quality over time. Monitoring will not nec-
essarily provide information on the final post-
mining groundwater quality, however, because
it cannot be assumed that the predictive model
itself was valid or that monitoring will be con-

tinued throughout the tens to hundreds of years
it may take for groundwater systems to estab-
lish a postmining equilibrium.

Surface Water.-Surface mining can reduce or
augment streamflows, but these impacts gener-
ally are not significant in relation to the normal
flows in ephemeral and perennial streams in the
West (except for the cumulative impacts of sedi-
ment control ponds; see discussion of technical
issues, below), and the primary concern is the
effect of any change in flow on surface water
quality. Surface water quantity and quality im-
pacts are more readily observable than ground-
water. Therefore, the analytical techniques for
predicting these impacts are less hypothetical
and more reliable than groundwater impact pre-
dictions. An exception is the difficulty gathering

Photo credit; Jenifer Robison, OTA staff

Surface water is more readily observable than groundwater. Therefore, premining estimates of impacts on surface
water quantity and quality usually are less hypothetical and more reliable than groundwater impact assessments, which
are based on predictive techniques that rely heavily on assumptions about groundwater conditions.
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data about ephemeral streams, mentioned pre-
viously, due to their infrequent and unpredicta-
ble flow events.

The greatest potential impact to surface water
quality from mining and reclamation is an in-
crease in sediment loads, measured as total sus-
pended solids (TSS). In the absence of site-
specific data (the usual case for ephemeral streams),
a well-accepted method is available to estimate
the amount of sediment that will erode from the
mine site and be subject to transport downstream
during a precipitation event.

Surface water quantity impacts are estimated
primarily to support surface water engineering de-
sign, and valid statistical techniques are available
for computing runoff volumes and peak flows.
Deterministic models also are available, but re-
quire that assumptions be made about the hydro-
logic regime of the site; these influence the input
parameters and therefore the results, However,
there appears to be no consensus among regu-
latory authorities on preferred methods for esti-
mating or verifying increases and decreases in
streamflows, and selection of a particular method
depends on the capabilities or preferences of the
person performing the calculations. As a result,
conflicts can arise over the validity of such esti-
mates and the adequacy of the resulting engineer-
ing designs, To avoid these conflicts and the po-
tential for expensive redesign, most operators are
intentionally conservative in their calculations.

Cumulative Hydrologic Impact Assessments.
—A reasonable assessment of impacts to the
various components of the hydrologic system
can be made at most Western surface coal mines
over the life-of-mine area using some combina-
tion of available analytical techniques. The pre-
dictive accuracy of PHC determinations should
improve with time as data become more abun-
dant and more reliable within each permit area
due to monitoring as mine development pro-
gresses. In areas farther from existing operations,
however, fewer data are available about the phys-
ical system, and impact assessments are less relia-
ble. Because of the absence of data from areas
in which there is no active mining, and because
of the lack of coordination and standardization
in data collection mentioned above, the uncer-

tainties are greater in CHIAS than in PHC de-
terminations.

Regulatory authorities generally require worst-
case analyses to compensate for these uncertain-
ties. As uncertainty about the system increases,
assumptions made for input to the various ana-
lytical techniques become more conservative. Al-
though this strategy avoids errors from underesti-
mating the potential environmental impacts, it
may entail other consequences from overstate-
ments of those impacts, including higher recla-
mation costs.

The uncertainty in CHIAS could be minimized
if regulatory authorities used monitoring and
repermitting data to check and recalibrate the
models used in CHIAS and to assess the valid-
ity and sensitivity of the various input assump-
tions. Periodic sensitivity analyses of the varia-
bles would provide valuable information about
data inadequacies and could be used in the scop-
ing process mentioned above to focus data col-
lection.

Wildlife Impacts

Among the resources subject to impacts from
mining and reclamation, wildlife have certain
unique characteristics that make their response
to environmental change difficult to predict.
Most species are highly mobile, and may move
to a new locale for any number of reasons un-
related to mining activity. Wildlife species also
are capable of unpredictable responses and vary-
ing degrees of adaptation to change, and it is ex-
tremely difficult to identify and isolate those re-
sponses or adaptations that are directly caused
by mining and reclamation from all the other pos-
sible environmental factors present. As a result,
quantitative techniques for predicting the im-
pacts of surface coal mining and reclamation
activities on wildlife populations are essentially
lacking. Instead, as noted above, these assess-
ments generally are made by intuitive profes-
sional judgment based on a knowledge of the
operational aspects of the mine and of the eco-
logical resources of the mine site and surround-
ing area.

Statistical analyses of the effectiveness of wild-
life mitigation measures are possible but very



Ch. 2—Technical Summary .29

w g

costly. Where such analyses have been under-
taken, their results are consistent with these in-
tuitive professional judgments, indicating that a
subjective approach to wildlife impact assess-
ment based on measures of habitat quality from
key ecological parameters appears to be a satis-
factory way to predict impacts on wildlife re-
sources.

Revegetation

Revegetation analyses focus on predicting the
success of revegetation. While OTA found little
emphasis on the development or use of analyti-
cal techniques for predicting long-term revege-
tation success, the lack of quantitative models
does not appear to diminish the potential for
accurate predictions. The most common, and
probably most valid available technique for pre-
dicting revegetation success is to consider results
of the most recent technology at other mining
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operations in the region with similar soil, over-
burden, and climatic characteristics, under the
usually valid assumption that, given similar envi-
ronmental factors, the results of particular revege-
tation and other reclamation methods will be
similar.

There are two problems with this approach,
however. First, there are few vehicles for dissem-
inating information on the results of different
revegetation techniques. Indeed, some compa-
nies may be reluctant to share such information
for competitive reasons. Second, some tech-
niques may show initial promise but poor results
over the long term, and vice versa. The former
may be adopted at several mines before their
long-term problems are fully understood, while
the latter may be rejected prematurely. A con-
tinuing commitment to research on the long-term
success of various revegetation techniques for
different ecological regimes in the West, and
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means of disseminating the results of that re-
search, are needed to resolve these problems.

Analytical Techniques Used in
the Design of Reclamation

The State regulatory programs exhibit wide
variation in their requirements for chemical
analyses. The methods for characterizing over-
burden and for handling potentially deleterious
materials generally are determined on a case-by-
case basis. The primary risk is the cost of recon-

Accurate characterization of the overburdestructing an area if such materials are not identi-
and delineation of potentially deleterious overfied prior to backfilling.

burden material, design of an optimum soil-
salvage plan, design of well-stabilized streanBoil Characterization

channels, and design of efficient sedimentation
control measures are important factors in th
ultimate success of reclamation. When design

rather than performance standards are used to
determine reclamation success, the importance
of the reliability of the techniques used to design
reclamation is heightened.

Overburden Characterization

Overburden-all material between the soil and
the coal resource, including bedrock or other
rock material—forms the basic material for the
reclamation process. Therefore, the chemical and
physical character of the overburden are key fac-
tors in determining impacts on postmining spoils
hydraulics and water quality, as well as revege-
tation success. However, the geology of the over-
burden in many of the mining regions of the West
is highly variable and/or complex, the science of
overburden characterization is neither old nor
well-established, and the overburden is not eas-
ily observed.

The redressed soil serves as a chemical and
8hysical buffer between the disturbed mine
spoil and surface water, vegetation, and wild-
life resources, and also is a critical element for
successful reclamation. Most undisturbed soils
are in relative chemical and physical equilibrium

with the surface environment, and thus are less

likely to be sources of exceptional release of sedi-
ments or toxic elements than disturbed soils.
Ideally, the restored soil material also will be in
approximate equilibrium with the surface so that
unforeseen and undesirable chemical and phys-

ical changes will not occur. Therefore, the oper-

ator must determine the premining physical and
chemical character of the soil and the amount

of suitable soil available for redressing, and must
design a redressing plan to ensure physical and
chemical suitability and stability of the postmin-

ing soil.

Soils are relatively easy to observe and the sci-
ence of soil characterization is well-established.
Each State regulatory authority has developed un-
suitability criteria for soils that generally accom-

As a result, analysis of the physical and chem- . i : S
y phy modate the differences in reclamation objectives

ical properties of overburden is difficult. Even hasis that f ite to site. A |
with a low drilling density and vertical samplingOr emphasis that occur from site 10 site. ow

intensity, thousands of overburden data point§amp“ng density can result in significant erors

will be generated at the average Western sul estimating the volume of salvageable soil ma-

face mine. There are no well-established prot—e”al' however.

cedures for interpreting these data to determineln the Western coal regions, where natural
the chemical suitability of the overburden masoils in many areas are typically thin and mar-

terials. Most available laboratory methods for
generating chemical suitability data were devel-
oped for soil characterization and have proven
unreliable when applied to overburden. Also,
while acid formation is recognized as a possible
problem in some areas of the West, available tests
have proven inaccurate in determining the acid-
base potential of Western overburden (see below).

ginally productive, optimization of the soil re-
source is essential. Most State soil inventory and
handling requirements make it more likely that

the best available soil will be used to provide an
adequate root zone and to minimize impacts

from potentially deleterious overburden materi-

als occurring in that zone. However, State pro-
grams that require salvage of all suitable soil ma-
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terials and redressing in uniform thickness may

not promote optimization of the soil resource

in all mining and reclamation situations, and
may add unnecessarily to reclamation costs. Lack
of consideration of the soil’s organic and biologi-
cal suitability—especially in deep soils—can de-
tract from optimization of soil quality for revege-
tation unless the topsoil and subsoil are hand led
separately (two-lift topsoiling).

The regulatory requirement for uniform topsoil
thickness in redressing at each mine facilitates in-
spection and enforcement, but ignores the fact
that topsoil depth varies naturally as a function
of topography and vegetation types. Thus land-
form position may be as important as depth for
some vegetation species. The soil thickness re-
quired to reach maximum plant production also
varies with average effective precipitation, de-
pending on the soil and vegetation type. Further-
more, redressing uniform topsoil thickness can

w
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discourage direct-haul topsoiling in areas where
premining soil depths vary naturally. Although
non-uniform thickness is common over an en-
tire site postmining, each parcel or reclaimed unit
generally has uniform thickness. Additional reg-
ulatory flexibility in this matter, on a case-by-case
basis, could facilitate achievement of vegetative
diversity in many areas (see below).

Design of Restored
Surface Drainage Systems

Replacement of an erosionally stable surface
drainage system is critical to the long-term suc-
cess of surface mine reclamation. A number of
valid approaches to design are available, from di-
rect field measurement of channel cross-sections
and profiles with duplication of the undisturbed
channel, to computer-assisted, detailed hydrau-
lic analyses. In the case study mines reviewed
for this assessment, the amount of detail in such
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designs ranged from virtually none to very
elaborate geomorphic and hydraulic studies,
although an encouraging trend toward a com-
prehensive, multidisciplinary approach to de-
sign of surface drainage systems was observed.
Greater attention to design in permitting could
reduce the potential for costly repairs of erosion
damage during reclamation.

Mines that cover large areas or contain water-
sheds must be concerned not with just the de-
sign of restored channels but with the reconstruc-
tion of entire drainage basins. The goal in this case
is to attempt to create a new steady-state by
manipulating the surface, slope, and channel
configuration so that the newly formed system
will be in approximate equilibrium with the sur-
rounding area with respect to erosion and sedi-
ment transport processes. The premining geo-
morphic analysis generally is modeled after
classical concepts, and the relationships devel-
oped in that analysis are applied to the design
of the postmining drainage system. However, im-
proper applications of even the most well-under-
stood analytical techniques have resulted in
incomplete or incorrect designs. Furthermore,
when the overburden-to-coal ratio is very large
or very small, the postmining drainage basin char-
acteristics may differ substantially from the pre-
mining characteristics, further complicating the
design problem.

Hydrologic and Sediment
Control Structures

Techniques for the design of hydrologic and
sediment control facilities have changed very lit-
tle since SMCRA, although there has been an
increasing use of computers in design, and a
gradual standardization of estimating tech-
nigues for runoff and sediment. The techniques
in use accommodate the lack of site-specific data
for sediment erosion and transport rates by pro-
viding relative estimates for comparison of alter-
native designs, Use of a computer allows faster

and more accurate analysis than hand calcula-
tions, so larger areas can be simulated in greater
detail and over shorter time steps. Monitoring
data could be used to calibrate the models used,
but OTA found lit-de indication that this is occur-
ring. Issues related to the use of sediment con-
trol ponds are discussed under “Technical is-
sues,” below.

Designing Reclamation of
Alluvial Valley Floors

SMCRA allows mining in alluvial valley floors
(AVFS) only if they are not significant to farming.
Because only 7 years have elapsed since the im-
plementation of the permanent Federal regula-
tory program, however, no AVFS not significant
to farming have yet been completely mined and
finally reclaimed under the SMCRA standards, al-
though several plans for the restoration of such
AVFS have been approved by the regulatory au-
thorities.

The premining hydrologic studies required for
AVF areas under SMCRA are unique in the sur-
face mine permitting process in that they must
include an analysis of the relationships between
surfface and groundwaters and land use, soil char-
acteristics, and vegetative productivity. Thus AVF
restoration combines some of the more rigorous
design aspects of surface and groundwater res-
toration discussed previously. The criteria for
premining analysis of the essential hydrologic
functions of AVFS and postmining evaluation of
AVF reclamation are relatively standardized
among the regulatory authorities of the West-
ern States. These criteria are based on accepted
engineering and hydrogeologic principles, and
the probable success of reclaiming AVFS is
viewed by the industry and the regulatory au-
thorities with confidence. As with hydrologic res-
toration in non-AVF areas, however, it may be
decades or centuries after mining and reclama-
tion before the success of hydrologic reclamation
in AVFS can be assessed completely.

EVALUATING THE SUCCESS OF RECLAMATION

Few aspects of the process for final evalua-
tion of reclamation success have been firmly
established under the Federal or State regula-

tor programs. The five States studied in this
assessment have established criteria for evaluat-
ing reclamation for Phase | of bond release (back-
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filing the pit, and in some cases, redressing soil),
but not for Phases Il and Il (preliminary revege-
tation and full release). Furthermore, most exist-
ing evaluation techniques and standards have
serious limitations, especially for hydrology and
revegetation—the two areas emphasized in the
SMCRA performance standards.

To date, no method for evaluating revegeta-
tion has been developed that adequately ad-
dresses both temporal variations in environ-
mental conditions (i. e., seasonal and annual
climatic variations) and the spatial diversity that
occurs over large areas. There is general agree-
ment that revegetation standards should incor-
porate, or be able to be adjusted for, climatic and
temporal variations. The most practical method
for achieving such adjustment has been to use
standards based on reference areas, but such
standards are based on the assumption that the
vegetation on a few acres can adequately repre-
sent revegetation over hundreds or thousands of
acres. Furthermore, although the predominant
postmining land use in the study area is native
range land, little test grazing has occurred on
revegetated areas as yet. Of the five States, only
Montana has established guidelines for test graz-
ing plans and data collection.

The methods for evaluating hydrologic resto-
ration are even more unclear. Although the
SMCRA performance standards emphasize hy-
drology, most past experience in judging recla-
mation has concentrated on revegetation suc-

cess. The tens to thousands of years that may be
required to resaturate spoil aquifers in some parts
of the study area make it impractical to measure
either spoil water quantity or quality directly.
Thus evaluations will have to be made with in-
complete knowledge and available predictive
tools. Similarly, because surface drainage systems
are designed to accommodate peak flows that
may occur only once every 10 to 100 years, many
channels are unlikely to experience peak flow
events during the bond liability period, necessi-
tating the use of predictive techniques and de-
sign criteria for evaluation.

It is unclear whether successful revegetation
and hydrologic restoration are sufficiently relia-
ble indicators of success for the other disci-
plines—soils, overburden, and wildlife. Of par-
ticular concern is the potential for materials
adverse to vegetation to appear in the root zone
long after the regraded spoil is sampled, and the
topsoil redressed and revegetated. If the presence
of such material becomes evident before bond
release, it may require expensive rehandling or
total reconstruction of the reclaimed soil and
overburden, and repetition of the revegetation
process. if it appears after bond release, it is un-
clear how it would be mitigated and by whom.
A similar concern is raised by the potential for
unsuitable material to be inadvertently placed in
the recharge zone, with the water quality impacts
not becoming manifest until after final bond
release.

TECHNICAL ISSUES IN WESTERN SURFACE MINE
PERMITTING AND RECLAMATION

OTA’S assessment of surface mine permitting
and reclamation in the West highlighted several
technical issues that are affected by many of the
data and analysis concerns summarized above,
and that have significant implications for the long-
term success of Western reclamation. These is-
sues encompass the technologies, data, and ana-
lytical methods for determining the potential for
acid formation in overburden, the impacts of sedi-
ment control methods, the effects of soil handling
methods on revegetation, the potential for meet-

ing woody plant revegetation standards, the des-
ignation and implementation of postmining land
uses, and the value of landscape diversity.

Acid Potential in Western Mine Spoils

In characterizing overburden for the planning
of reclamation, one objective is to identify po-
tentially acid-forming materials that could be-
come detrimental to revegetation. Acid forma-
tion in mine spoils is a common problem in the
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East, where the climate is relatively humid and
recharge rates for groundwater systems are rela-
tively large, which accelerates the oxidation of
sulfur compounds in the spoils and the forma-
tion of sulfuric acid. Moreover, in the East, there
is little lime in the overburden to serve as a buffer.
A test based on leaching of overburden samples
with hydrogen peroxide to extract sulfur forms
is used to predict the acid-base potential (ABP)
of overburden material in the East.

The potential for acid formation is much lower
in the West because the climate generally is arid
or semiarid, and because Western overburden
typically has a high buffering capacity. There are
conditions, however, under which acid forma-
tion will occur in the West, primarily in portions
of the Powder River Basin and in New Mexico.
The Eastern method for determining ABP has
produced unreliable results in the West because
it assumes that all sulfur forms will be completely
oxidized—an assumption that may not be valid
in the West where a large fraction of the sulfur
occurs in less reactive, organic forms. An alter-
native test used in Wyoming allows isolation of
the reactive inorganic sulfur compounds, but still
assumes that all reactions go to completion. As
aresult, estimates of ABP in the West may be
inaccurate and can result either in a failure to
identify materials that need special handling, or
in operators being required to special handle
some overburden materials unnecessarily.

Research currently being funded by the West-
ern mine operators, both jointly and individu-
ally, is making progress in resolving this prob-
lem, and the regulatory authority in at least one
State, Wyoming, is prepared to rewrite State
guidelines to reflect any changes in analytical
techniques or overburden suitability criteria that
may result from this research.

Sediment Control

Sedimentation in streams results from acceler-
ated erosion caused by removal of the vegeta-
tive cover; topsoil stripping; and construction of
stockpiles, roads, and other mine facilities. The
Office of Surface Mining has taken the position
that the best currently available technology to
control sedimentation is a properly designed and

constructed sedimentation pond. Construction of
sedimentation ponds is governed by both design
and performance standards adopted by each
State, which generally require that the pond be
designed to meet effluent standards established
under the Clean Water Act.

Sedimentation ponds are expensive to build
and maintain, and they increase the amount of
land that must be disturbed during mining and
reclamation. The water discharged from sedi-
mentation ponds also is unnaturally clear and
therefore can result in erosion and channel
degradation downstream in ephemeral streams,
which have a naturally high sediment content.
Moreover, the cumulative effect of water stor-
age in sediment control ponds at multiple mines
in one area can be a significant loss of water—
the West's most scarce resource—to downstream
users.

Alternate means of maintaining sediment pro-
duction at or below the level produced from un-
disturbed terrain are available, including preven-
tive measures that retard the velocity and reduce
the quantity of runoff, thus reducing erosion rates,
and remedial designs that reduce erosion by
avoiding sensitive areas and increased sediment
deposition. In addition to mitigating the impacts
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Erosion andassociated sediment production are
natural processes in the Western United States,
but few data are available on natural erosion and
sedimentation rates from undisturbed areas. These
data are needed to demonstrate that alternate means
of sediment control are as effective as
sedimentation ponds.
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of sedimentation ponds noted above, the alter-
nate control methods can aid revegetation by re-
ducing runoff and thus increasing soil moisture,
and by reducing erosion. They also eliminate the
risk of sediment pond dam failure. Such alter-
nate sediment control techniques are considered
proven technology and have been implemented
successfully in agriculture, highway construc-
tion, and other land-disturbing activities.

Two sets of data are needed in order to dem-
onstrate that alternate means of sediment con-
trol are as effective as sedimentation ponds: em-
pirical data on sediment yields (the total amount
of eroded material that reaches a control point)
and on natural sediment concentrations in
streams, and monitoring data from areas where
alternate means are in use. The data on sediment
yields and concentrations could be obtained dur-
ing baseline and monitoring studies, but OTA
found little evidence that anyone is gathering
such data. Two m i nes i n Wyoming currently are
collecting data from experimental practices un-
dertaken to demonstrate that alternate control
measures are equally effective in controlling sedi-
mentation as ponds and thus are adequate to pro-
tect water quality in ephemeral streams.

As the needed data become available, regu-
latory authorities could become more flexible
in interpreting design and performance stand-
ards for sediment control in discharges to ephem-
eral streams where a permit applicant is able to
demonstrate that proposed controls will be at
least as effective as sedimentation ponds. Dis-
charges to perennial streams, however, still will
require sedimentation control ponds to protect
their naturally high quality water.

Soil Handling and Revegetation

Recognition of the relationship between soil
quality and revegetation success—the primary cri-
terion for reclamation success—has produced
substantial innovation in soil handling methods.
The results of long-term studies of the effects
of topsoil stockpiling indicate that it adversely
affects the success of revegetation efforts. Di-
rect haul topsoil, on the other hand, preserves
the biologically active component of the soil and
enhances maintenance of nutrient cycles. This

improves the establishment of planted and
volunteer species and can produce superior life-
form and species diversity within a relatively
short time. Recent research indicates that, un-
der certain conditions, combining direct haul
topsoil with other innovative reclamation tech-
nigues can further enhance revegetation suc-
cess. Because the direct haul technique elimi-
nates the middle step i n the process of stripping,
stockpiling and respreading topsoll, it can be less
expensive depending on haul distances.

Research in deep soils in Montana and North
Dakota also has shown that careful identification
and separate handling of the biologically most ac-
tive surface soil layers, without dilution by under-
lying subsoil-""two lifts’’-can improve revege-
tation sufficiently to justify the cost. The limited
monitoring data available suggest that the com-
bination of two lifts with direct hauling may pro-
duce the best results in reestablishing rangeland
diversity, and in some areas may be enhanced
even further by the use of mulch produced from
native vegetation. No research data comparing
these and other methods for different geographi-
cal areas are available to verify these hypothe-
ses, however. As noted previously, greater flex-
ibility in the Federal and State regulations on
topsoil salvage and redressing thickness could
promote optimization of the soil resource in
permitting and implementing soil handling for
revegetation.

The Revegetation of Woody Plants

Woody plants—shrubs—are ecologically im-
portant in the Western United States as forage
and cover for livestock and wildlife, and for im-
proving soil moisture conditions and protecting
herbaceous plant species. In some combinations
of slope and substrate, woody plants also may
improve slope stability because their more exten-
sive root systems can anchor a greater volume
of material than many herbaceous species. Be-
cause of these considerations, the revegetation
requirements i n SMCRA, the regulatory program
performance standards, and the standards for re-
vegetation success are tied, in part, to the reestab-
lishment of native woody plant species of the
same type and density that existed on the site
before mining.
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Tying woody plant density standards to the
premining density raises several concerns, espe-
cially in areas where the premining density is
relatively high (primarily Wyoming, Colorado,
and New Mexico). First, even with the most ad-
vanced shrub establishment technology, there
is little field evidence that high densities can be
reestablished over an entire reclamation site
during the lo-year liability period. In the sage-
brush-steppe ecosystems which occur in the north-
ern part of the study area, operators have found
it difficult to establish any shrubs other than four-

wing saltbush, with big sagebrush being especial-
ly difficult. In these ecosystems, the prospects of
meeting the proposed Wyoming regulatory stand-
ard of one stem per square meter on 10 percent
of the area may depend on which plant species
are counted as shrubs for density purposes.

Second, while shrubs in moderate to high den-
sities improve habitat quality for a variety of ani-
mal species, uniformly high woody plant den-
sity can detract from the quality of land for
livestock grazing. Woody plants provide critical
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winter food and cover for wildlife species with
a high recreational and economic value in the
West (particularly pronghorn antelope, deer, elk,
and sage grouse). But cattle, and to a lesser ex-
tent sheep, prefer herbaceous vegetation to shrubs.
As a result, ranchers have undertaken large-scale
programs to thin or kill sagebrush and other
woody species on range lands, frequently with fi-
nancial or physical support from BLM’s rangeland
management programs. If a postmining landown-
er undertakes such range management, it negates
the purpose and expense of reestablishing woody
plant density. For the most part, this conflict can
be traced to the lack of specificity in designation
of the postmining land use (see below) and to in-
adequate coordination among Federal and State
regulatory authorities and land management
agencies.

Many State regulatory and mining industry
personnel feel that lower overall shrub densi-
ties, if accomplished in high-density groupings
based on premining habitat mapping, provide
as valuable wildlife habitat as uniform densities
at high premining levels. In this context, range-
land management programs also can benefit wild-
life if done selectively. For example, thinning big
sagebrush to increase herbaceous production can
improve the forage for pronghorn as long as
shrubs remain available i n critical winter browse
areas and are not totally removed from summer
range. This approach to mitigating the conflicts
between the forage and cover needs of differ-
ent livestock and wildlife species has begun to
be recognized in the West (e.g., the proposed
Wyoming standard). However, uniform high shrub
density standards still are the norm in most areas.

Postmining Land Use

SMCRA and the regulatory programs require
detailed characterizations of the premining and
postmining land uses in the permit application
and reclamation plan. These characterizations
must include quantification of the capability of
the land prior to any mining to support a variety
of uses considering soil and foundation charac-
teristics, topography, and vegetative cover; and
of the premining productivity of the land, includ-
ing the average yield of food, fiber, forage, or
wood products obtained under high levels of
management.

Despite these requirements, the characteriza-
tion of pre- and postmining land uses is at best
perfunctory in most of the permit applications
reviewed for this assessment. A number of the
applications contained land use characterizations
with little more information than the statement:
“The premining land use is grazing and the post-
mining land use is grazing, ” In some cases, this
lack of specificity can be attributed to inadequate
baseline information in the permit application.
In other cases, it is the fault of the Federal sur-
face management agency (e.g., BLM, U.S. For-
est Service), which is required to determine, or
at least consent to, the postmining land use.

Lack of specificity and quantification in de-
scribing pre- and postmining land uses can ad-
versely affect postmining vegetative and land-
scape diversity, the implementation of surface
owners’ or management agencies’ land use rec-
ommendations, and the difficulty and cost of
reclamation. Moreover, at mines where reclaim-
ability is an issue during permitting, a much more
rigorous approach to characterizing premining
land uses and to predicting the capability and
productivity of the reclaimed surface is necessary
before findings of reclaimability can be made
objectivel y.

Regulatory authorities should enforce the re-
quirements for pre- and postmining land use
characterization more strictly. For privately
owned lands, the land use description and the
quantification of capability and productivity must
remain the responsibility of the permit applicant,
with the cooperation and concurrence of the
landowner. For public lands, BLM and the For-
est Service currently are preparing land use plans
that should provide the basis for quantitative
characterizations of pre- and postmining land
uses. Until these documents are completed, Fed-
eral surface management agencies should en-
sure, during their review of permit applications
and reclamation plans, that careful attention is
paid to the applicants’ quantitative characteri-
zation of pre- and postmining land use, produc-
tivity, and capability.

Implementation and management of the post-
mining land use after bond release raises issues
about changes in land use and conflicts among
land uses. At some mines, conflicts arise between
land uses—particularly between agricultural
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uses and wildlife habitat—because the surface
owners, usually farmers or ranchers, desire that
all land be returned to cropland, pastureland, or
grazingland. This conflict is common in States
where reclamation standards for native rangeland
and wildlife habitat (e.g., woody plant density
standards and overall vegetative diversity) are
more difficult to attain than those for other land
uses, such as pastureland.

Another concern is the lack of incentives for
post-reclamation landowner or manager com-
pliance with land management plans. Even the
best reclamation methods can be negated quickly
by postmining land management decisions or
techniques (e.g., overgrazing, range mismanage-
ment), leaving the operator open to allegations
of reclamation “fail ure.” This underscores the im-
portance of restoring the land’s capability, rather
than a narrowly defined “use.” Moreover, there
are no regulatory mechanisms to ensure that the
surface owner will not convert lands reclaimed
for one use (especially wildlife habitat) to other
uses after bond release.

Landscape Diversity

The concept of “landscape diversity,” which
encompasses the entire ecosystem, recognizes
the mosaic nature of Western landscapes result-
ing from localized differences in the physical
environment, plant communities, wildlife pop-
ulations, and land uses. Strict application of a
full restoration concept might be inflexible in its
ability to adapt to changing technology and to
climatic and other uncontrollable variables.
Moreover, full restoration of landscape diversity
would go beyond the premises of SMCRA in
focusing on the long-term quality of reclamation,
rather than rehabilitation of the land to a particu-
lar level of viability specified in the permit or in
the criteria for reclamation success. Somewhere
in between is an approach that ensures long-term
ecosystem function and viability, and that re-
quires restoration of features that were critical to
the premining ecosystem, but allows flexibility in
the means of achieving such restoration. Implicit
i n this approach is an understanding that ecosys-
tem dynamics change over time, and a reclaimed
site cannot achieve a natural level of equilibrium
with the surrounding area in the 10-year bond
liability period.

No statewide requirements for full restoration
of landscape diversity currently exist in the
Western States studied, although requirements
for specific mines have been established on a
case-by-case basis, primarily in relation to veg-
etative communities. The restoration of pon-
derosa pine woodlands in Montana, woody
draws in Montana and North Dakota, sage grouse
strutting grounds in Montana, and wetlands in
North Dakota are examples of reclamation that
attempts to preserve features that contribute to
landscape diversity.

Surface features that have been eliminated in-
clude rim rock and escarpments, ridges, bad land
topography, and “microsites” (small premining
surface features important to premining hydrol-
ogy or wildlife habitat). In some cases, it is im-
possible to reestablish a particular landform. For
example, hogback ridges and badlands are sup-
ported by strata that would be removed during
mining, precluding their reestablishment on the
reclaimed surface. Moreover, disturbance of
some badland strata can result in physical and
chemical changes that significantly affect erosiv-
ity. In other cases, restoration of landforms may
be too costly or difficult for all but the most
elaborate reclamation plans. Microsites, for in-
stance, often are dependent on hydrologic, solil,
or overburden characteristics that are very expen-
sive to duplicate with available mining and recla-
mation equipment.

Finally, some regulatory requirements may ac-
tually discourage diversity in some mining and
reclamation situations. The SMCRA requirement
to return mined areas to their approximate origi-
nal contour typically has resulted in gently undu-
lating land with little topographic variety, because
the features that provide diversity frequently are
the most difficult to design and reestablish. Re-
quirements for uniform topsoil depths over the
regraded surface and for uniformly high revege-
tation density further homogenize site conditions
and limit the ability to restore full vegetative com-
munity diversity.

However, the postmining topography can be
designed to mimic premining features such as
rimrock and microsites. Variances have been
granted at a few mines for sections of unreduced
highwall as a means of leaving artificial cliffs or
bluff extensions that simulate the original premin-
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The regulatory requirements to return mined areas to their approximate original contours and to reduce all highwalls

typically have resulted in gently undulating land with little topographic variety (foreground). Surface features that are

eliminated by mining include rimrock (background), which provide nesting sites for eagles and other raptors, habitat
for small animals, and aid in moisture retention near the base.

ing features and aid in the accumulation of ad-
ditional surface moisture near the highwall base.
The restoration of microsites and features such
as playas and prairie potholes may be expensive,
but some mines are restoring them to preserve
or enhance wildlife habitat.

If attention is to be paid to landscape diver-
sity, it needs to begin with the reclamation plan
and permit application. A full consideration of
geomorphology would require integrated anal-
yses of the consistency among the postmining to-
pography, the hydrologic characteristics of the
reconstructed soils, the revegetation commu ni -
ties, the reconstructed drainage systems, the pro-
posed postmining land use, and the geomorphol-

ogy of the contiguous areas. Thus baseline data
collection would provide an interdisciplinary eco-
logical characterization of the proposed mine
area that could be used in the design of a diverse
postmining landscape, as well as a set of num-
bers to demonstrate that the performance stand-
ards will be met. Promoting such an interdiscipli-
nary approach to design and implementation of
landscape diversity would require some addi-
tional effort, and thus cost, both in premining
baseline studies and specification of the post-
mining land use, and in implementing the recla-
mation design. Long-term research efforts are
needed to demonstrate whether the potential
benefits of such an approach for the quality of
reclamation would outweigh the costs.
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The postmining topography can be designed to mimic premining features. For example, portions of unreduced highwall
have been used at some sites to substitute for rimrock lost to mining.

TECHNOLOGICAL INNOVATION AND RESEARCH

Since the first State reclamation laws were
enacted in the early 1970s, mining companies,
a wide range of Federal and State agencies,
universities, and other organizations have under-
taken a significant amount of research and de-
veloped a variety of new techniques for reclaim-
ing surface mined lands in the arid and semiarid
regions of the West. Historically, revegetation has
been the principal subject of research at West-
ern surface mines, primarily because the regula-
tory standards for reclamation success focus on
revegetation success. This emphasis is how shift-
ing toward hydrology, soils, and overburden as
the complexities in these systems are recognized.

Most of the reclamation-related research pro-
grams sponsored by Federal agencies were dis-
continued in the late 1970s or early 1980s, pri-
marily for budget reasons, but also because the
responsibility for the majority of such research

was consolidated within OSM.  Of the discon-
tinued programs, the most extensive were con-
ducted by the U.S. Forest Service’s Surface Envi-
ronment and Mining Program (SEAM) and the
Bureau of Land Management’s Energy Minerals
Rehabilitation Inventory and Analysis (EMRIA).
The failure to transfer funding for these programs
to OSM meant not only the loss of over 150 re-
search and development projects, but the dis-
continuation of valuable data sources: SEAM
compiled a quarterly computerized listing of
reclamation studies related to the Rocky Moun-
tain West (the only bibliographic reference of its
kind), while EMRIA gathered information about
the reclamation potential on coal lease tracts and
developed lease stipulations to assure the achieve-
ment of reclamation goals for Federal coal lands.

OSM has only two basic vehicles for research
under SMCRA: the State mining and mineral re-
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sources and research institutes, and the Aban-
doned Mine Land (AML) reclamation program.
The Federal share of AML funds has yet to be al-
located, and co-funding for the mineral and re-
sources research institutes was discontinued in
fiscal year 1982, although specific applied re-
search projects continue to be funded by OSM,
either alone or in cooperation with other agen-
cies. The OSM budget for such projects has de-
clined from a peak of around $1.47 million in
1981-82 to a request for $970,000 for fiscal year
1986, of which almost half was allocated to sub-
sidence control and coal wastes (primarily East-
ern or abandoned mine reclamation problems),
and one-fourth to staff and administrative sup-
port. Attention should be paid to the allocation
of available funds and priorities for research
among Eastern, Midwestern, and Western recla-
mation problems.

To compensate for inadequate Federal re-
search funding, OSM treats experimental prac-
tices and permit conditions at active reclama-
tion sites as substitutes for research. Under
SMCRA, experimental practices were intended
to encourage advances in mining and reclama-
tion, or to allow special postmining land uses, if
they potentially provide as much environmental
protection as the performance standards and are
no larger or more numerous than necessary to
determine the effectiveness and economic fea-
sibility of the practice. Of the five experimental
practices approved for the Rocky Mountain West
since 1979, two (ongoing) address alternative
sediment control; one (completed in 1982) was
a court-ordered compromise on a variance for
an excess spoil disposal area; one (still undergo-
ing monitoring) involves a variance from approx-
imate original contour in order to leave a por-
tion of a highwall to preserve eagle nests; and
one (ongoing) allows the disposal of mine spoll
offsite to suppress an underground fire at an
abandoned mine.

OSM personnel have indicated that they
would like to see more applications for experi-
mental practices. The permitting and monitor-
ing requirements are so difficult and expensive
to meet, however, that few companies are will-
ing to undertake an “experiment” that can only
be implemented on a portion of the mine site

unless the potential long-term economic bene-
fits of demonstrating the effectiveness of the
practice are substantial. Moreover, OSM ap-
proval of an experimental practice takes so long
that the mine usually proceeds beyond the area
where the practice might have been effective
long before it can be permitted. Establishing
strict schedules for OSM approval of experimen-
tal practices could alleviate this problem.

Under a more flexible regulatory system, the
experimental practices listed above might have
been handled through site-specific variances or
permitting of alternative reclamation techniques,
or under the AML program. If applications for
such variances or techniques are not approved,
however, additional time and money is required
to revise the permit application and reclamation
plan. Moreover, permit applications requesting
such variances still must be approved by OSM,
which can require that the proposed reclamation
method be permitted as an experimental prac-
tice or not allowed. These possibilities pose ma-
jor constraints on innovation in reclamation
methods.

Mine operators also have conducted applied
research on specific reclamation situations, ei-
ther to aid in the design of reclamation, or to meet
or develop bond release criteria. Frequently, such
applied research projects are the result of per-
mit stipulations that require the collection and
analysis of monitoring data or the development
of criteria for judging the success of particular
types of reclamation. Ongoing research at West-
ern mines from all sources of funding is shown
in table 2-1.

While significant advances have been made
in Western reclamation technologies, and the
prospects for the long-term success of reclama-
tion in the West have brightened considerably,
OTA identified a number of areas in which
additional research or analysis still is needed.
These include:

1. development or improvement of techniques
for the collection of baseline and monitor-
ing data, especially improved laboratory
techniques for generating data about over-
burden chemistry, and standardized meth-
ods for collecting hydrologic and wildlife
data;
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Table 2-1.—Summary of Ongoing Research and Innovation at Case Study Mines*®

Soil and overburden

Surface and groundwater

Revegetation

Wildlife

North Dakota:
ND-A: Special handling of
clayey soils for wetlands

ND-D: Landform position and
mixing of soil types to aid
moisture retention in prime
farmland

—Effect of soil type on soil/
spoil interface for optimum
moisture-holding capacity

Montana:
MT-B: Retention of highwall
portion as bluff extension

—Use of scoria and similar soil
over compacted overburden for

ponderosa pine substrate

—Monitoring vegetation trace

metals contents to judge the

success of soil reconstruction

—100 percent two-lift direct-
haul topsoiling

MT-D: Sodium migration from
sodic and clayey overburden

—Topsoil erosion runoff plots

Wyoming:

WY-A: Detailed highwall map
from stratigraphical-
geochemical correlation

—Intensive overburden sampling

to delineate acid-forming and

other deleterious strata as well
as wet areas, defining highwall

stability, planning shovel
moves, etc.

WY-B: Composite sampling of

regraded spoils
—Watershed erosion
monitoring

WY-D: Nonuniform topsoil
thickness

—Acidic spoil treatments
—Erosion monitoring
—Reclaimed geomorphology

—Monitoring swell and settling
WY-G: Two-lift direct-haul top-

soil in desert ecosystem

—Use of boron-tolerant species

WY-K: Nonuniform topsoil
thickness

North Dakota:
ND-A: Restoration of
wetlands

Montana:

MT-B: Extensive site-
specific and regional
groundwater database
—Special handling of
overburden to protect
water quality

MT-C: State-of-the-art
PHC and CHIA analyses
for proposed mine adja-
cent to perennial stream
classified as an AVF

MT-E: Management and
use of very large hydro-
logic database

—Spoil aquifer hydraulic
analyses

Wyoming:
WY-C: Potentially acid-
forming overburden

WY-E: Computer model-
ing to predict ground-
water impacts

WY-G: Alternative sedi-
ment control experimen-
tal practice
—State-of-the-art
flow sampling

stream-

WY-H: Restoration of es-
sential hydrologic func-
tions of an AVF

WY-K: Formation of sur-
face drainage channels
through erosion and
deposition

North Dakota:

ND-A: Transplanting native
vegetation plugs for
reestablishing wetlands

ND-D: Restoration of woody
draws

—Planting, cultural and
management practices for
achieving grassland
diversity

—Irrigation, grazing, muich,
seed mixes, and topsoil
handling and depth studies

Montana:
MT-A: Ponderosa pine
reestablishment

MT-E: Reestablishment of
ponderosa pine
—Coulee bottom
ration

—Sodding of native
grassland

—Special soil handling for
landscape diversity
—Topsoil depth, surface
manipulation, native spe-
cies, legumes, phased
seeding, shrub reestablish-
ment, native hay mulch,
temporary stabilizer crop,
and fertilizer studies

resto-

Wyoming:

WY-A: Effects of nurse crop
on establishment of
perennials

—Effects of grazing on spe-
cies composition
—NMulching

—Use of sagebrush
“potlings”

WY-C: Annual grains grown
as source of soil organic
matter

WY-D: Methods to reduce

competition between vege-
tation species

—Planting cottonwoods in
drainages

WY-G: Need for irrigation in
arid area

WY-K: Annual rotation of
experimental species
WY-1: Reconstruction of a
playa

North Dakota:

ND-A: Reconstruction of
wetlands

—Developing criteria for
the success of wetland
habitat restoration
—Restoration of woody
draws and native prairie on
an “acre-for-acre” basis

ND-D: Reconstruction of
woody draws for wildlife
habitat

Montana:

MT-D: Relocation of sage
grouse strutting ground
—Nest box program for
American kestrels

—Use of radio-telemetry
and other methods to de-
velop monitoring data to
determine when impacts
are due to mining versus
natural variation in popu-

| ations

—Landscape diversity
through replacement of
microsites

—Identification of preferred
forage plants through fecal
analyses to develop seed
mix

Wyoming:

WY-J: Experimental practice
to leave a highwall portion
for raptor habitat
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Table 2-1.—Summary of Ongoing Research and Innovation at Case Study Mines*—Continued

Soil and overburden Surface and groundwater

Revegetation

Wildlife

Colorado:

CO-C: Experimental prac-
tice for valley fill for ex-
cess spoil disposal

CO-F: Burial of power-
plant wastes in backfill

Colorado:

CO-B: Aerial and field surveys
to monitor swell factors for
postmining topography
CO-D: Shredded mountain
shrub vegetation as mulch in
direct-haul topsoiling
—Erosion monitoring

New Mexico:
NM-C: Comprehensive

New Mexico:
NM-B: Use of overburden as

topsoil substitute erosion monitoring
—Use of topsoil quality evalua- program
tion system NM-D: Burial of power-

NM-D: Nonuniform topsoil
thickness over spoil of varying
quality

—Sodium migration in a very
low precipitation regime
—-Burial of fly ash with elevated
selenium levels

plant wastes in backfill

Colorado:

CO-A: Reclamation of
pinon-juniper on massive
sandstone

CO-D: Live mulch for woody
plant reestablishment and
complete topsoil removal
—Direct transplanting of
tree and shrub pads using
modified bucket
—Omitting seeding of
direct haul topsoil

CO-E: Use of snowfences
for water harvesting
—Mulch studies

CO-F: Direct transplanting
of mature native shrub pads

New Mexico:

NM-B: Use of overburden
strata as topsoil substitute
growth medium

NM-D: lIrrigation

Colorado:

CO-D: Detailed characteriza-
tion and delineation of
physical and floral features
of elk calving habitat

CO-F: Reestablishing
premining land uses on
postmining topography to
facilitate best management
practices

New Mexico:

NM-D: Annual monitoring to
provide data on wildlife use
of reclaimed areas

NM-E: Computer analysis of

mapping and telemetry data
to determine effects of min-
ing on wildlife

aFor the key to case study mines, see appendix A in this volume

SOURCE Off Ice of Technology Assessment

2. development of a “scoping” process to de-
termine which baseline and monitoring data
actually are needed for permit compliance
and reclamation success evaluations;

3. the refinement and validation of analytical
techniques for predicting the impacts of
mining and for designing reclamation, in-
cluding better predictive techniques for
groundwater quantity and quality impact
assessments in cases where there are few
field data, and methods for determining the
acid-base potential of overburden;

4. the development of methods and criteria for
evaluating reclamation success for Phases 11
and Il of bond release; and

5. comparative analyses of the long-term effec-
tiveness of various reclamation methods in
different types of mining situations.

In many cases, these research needs cut across
disciplines. For example, the ability to delineate
and characterize deleterious overburden mate-
rial clearly affects groundwater quality, but prob-
lems with such overburden also would affect the
quality of revegetation and, therefore, the land
capability.

Although work is ongoing at Western mines
that addresses most of these needs, it frequently
is limited to site-specific conditions. Without
comprehensive comparative analyses of the full
range of Western mining environments, research
at individual mines will do little to improve the
cost-effectiveness of reclamation techniques or to
advance the science of reclamation in the West.

The most critical constraint on such research
is the lack of available funding. OTA recognizes
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the realities of Federal budget cuts in the face
of massive deficits, yet other sources of recla-
mation research funding could be found at the
Federal level, in State governments, and in the
private sector. These might include, at the Fed-
eral level, existing permit fees (which cover the
administrative cost of permitting), royalty and bo-
nus payments for Federal coal leases (which go
into the general fund), and AML funds (yet to be
distributed). It should be noted that the reallo-
cation of these revenues to reclamation research
would be controversial.

These same sources of funding are available at
the State level, plus the States collect substantial
revenues from severance taxes. Among the State
regulatory authorities, however, only North Da-
kota considers reclamation research within its
purview.

The surface mining industry also should con-
sider investing in cooperative research efforts that
would improve the prospects for the long-term
success of reclamation and reduce the costs of
that reclamation. This is the approach taken by
five companies operating on prime farmlands in
llinois (6).

A second constraint is raised by legislation and
regulations that impose inflexible design stand-

ards that can discourage innovation and do not
take into account the tremendous variability
among sites. The difficulty and cost of demon-
strating alternatives to strict design standards
through experimental practices or by obtaining
a variance pose a significant obstacle to the ex-
tension of these research substitutes to other min-
ing areas, and, in some cases, can unnecessarily
increase the cost of reclamation. On the other
hand, design standards may be the only available
means of ensuring protection of public health and
safety in some mining and reclamation situations.

Finally, the commitment to reclamation in the
West that has emerged among coal companies
and Federal and State regulatory authorities
since 1977 must continue to grow to encompass
needed research. While all parties agree that it
is time to “move off of square one” i n the im-
plementation of SMCRA, each group tends to
downplay the need for continued advancements
in baseline and monitoring data, analytical tech-
niques, and reclamation methods because of
their potentially high costs. Yet efforts in these
areas could result in substantial increases in the
quality of, and the likelihood of the long-term suc-
cess of, reclamation, and could yield significant
economic benefits in terms of reduced operat-
ing, reclamation, or regulatory costs.
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Chapter 3

Western Surface Mining and Reclamation

INTRODUCTION

Slightly over half of U.S. coal reserves are lo-
cated in the Northern Great Plains and Rocky
Mountain Coal Provinces of the Western United
States (see fig. 3-1) (4). The Federal Government
owns between 50 and 60 percent of the coal re-
serves in the six major Federal coal States (Colo-
rado, Montana, New Mexico, North Dakota,
Utah, and Wyoming) (6). In 1983, these States
produced 208.9 million tons of coal, or approxi-
mately 27 percent of total U.S. production (3).
With the exception of mines in Utah and portions
of Colorado, most Western coal is produced by
surface mining methods (see table 3-1).

The coal-bearing areas in the Western United
States are notably distinct from the rest of the
country for their relatively small amount of
available water, their shallow soils and high ero-
sion rates, and their patterns of land and min-
eral ownership. Furthermore, within the West,
coal mining operations differ greatly from one
another due to the diversity of terrain, climate,
and land use. The terrain varies from the rolling
plains of the Fort Union region of western North
Dakota and eastern Montana, to the high rugged
mountains of Colorado, to the arid deserts of
southwestern Wyoming and northern New Mex-

Figure 3-1.—Generalized Coal Provinces of the United States
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Table 3-1.—1982 Production From Western Coal Mines (thousands of tons)

Number of Surface Percent Number of Underground Percent Total
State surface mines‘production of total underground mines®  production of total production
Arizona 2 12,364 100%0 0 0 0% 12,364
Colorado 19 11,696 64 30 6,621 36 18,317
Montana 6 27,890 100 0 0 0 27,890
New Mexico 9 19,233 96 3 711 4 19,944
North Dakota 10 17,855 100 0 0 0 17,855
Utah 0 0 0 2 17,029 100 17,029
Wyoming 29 107,085 99 3 1,276 1 108,361
Total 73 196,123 88 57 25,637 12 221,760

8Includes some temporarily inactive mines as well as new mines that have not yet reached full production.
SOURCE: Office of Technology Assessment, from 1984 Keystone Coal Industry Manual.

ice. The climate ranges from cold and subhumid
in the north, to hot and dry in the San Juan re-
gion of New Mexico. Annual precipitation can
vary by as much as 50 percent among mines
within a region, and by as much as 10 percent
even between mines located within 2 or 3 miles
of each other (see fig. 3-2).

The nature of the coal resource contributes
to the differences among Western surface
mines, and between Western mines and those
in other parts of the United States. Western coal
varies from the lignite of western North Dakota
and eastern Montana, with seams from 2 to 50
feet thick, to the bituminous and sub-bituminous
coals of Wyoming with seams up to 150 feet
thick. Stripping ratios may be as high as 12:1
(cover/coal) or as lowas 1:2 (16).

Finally, in the Western United States the Fed-
eral Government owns a substantial portion of

the surface overlying coal resources as well as
the majority of the mineral rights (see table 3-2).
As a result, much Western coal must be leased
from the Department of the Interior before it can
be mined (see ch. 4). In areas where the govern-
ment owns the coal but not the surface (split
estate lands) and where ownership is in a “check-
erboard” pattern, coal leasing and development
can become complicated. ’

This chapter describes the environmental and
technical context for Western surface mining and
reclamation, including the regional ecology and
mining and reclamation methods. Chapter 4 out-
lines the institutional and regulatory context.

'A detailed discussion of leasing in split estate and checkerboard
areas may be found in reference 5, pp. 124-129.

THE WESTERN ENVIRONMENT

In general, Western surface mined lands must
be reclaimed with less than one-third as much
rainfall as mined lands in Appalachia and the
Midwest. Droughts are common in the West, and
precipitation frequently occurs in short, intense
storms with the potential to cause severe erosion.
Temperatures fluctuate widely, and high summer
daytime temperatures can dry out soil and seeds
quickly.

In all the Western coal lands, evaporation ex-
ceeds precipitation. The ratio of evapotranspira-
tion to precipitation ranges from 2:1 in the Fort
Union region to 6: 1 in the San Juan River region.

The evaporation rates in the region vary from 48
to 64 inches per year in the northern coal regions,
and generally increase to a high of 80 to 96 inches
in the southern reaches of the San Juan River re-
gion (9). Low rainfall and high evaporation cre-
ate moisture stress throughout the Federal coal
areas.

Furthermore, organic matter accumulates
slowly in arid and semiarid Western soils, and
the resulting soil profiles have limited capacity
for holding moisture, although the moisture
content usually is sufficient to sustain plant
growth for 3 months of the year (9). In much
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Figure 3-2.— Mean Annual Precipitation for the Western Coal Region States
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Table 3.2.—Ownership of Surfaceand coal Resources in Five Western Coal Management Regions'(in acres)

Federal surface/ Percent Federal surface/ Percent  USFS surface/  Percent  USFS surface/  Percent State surface/  Percent

Region Federal coal of total non-Federal coalb of total Federal coal of total  non-Federal coal of total Federal coal of total
Fort Union: 31,680 1.0% 2,260 2,890 0 14,320 -
North Dakota . 800 -d 0 2,890 . 0 - 3,640 -
M o n t a n a 30,880 2.5% 2,260 0 - 0 - 10,680 1.0%
Power River: 584,331 9.5% 1,891 - 490,501 7.9% 8,160 — 45,608 1.0%
Montana . . ............ 193,430 10.3% 60 - 434,515 23.1% 3,120 - 21,190 1.1%
Wyoming. . . . ... ... ... 390,901 9.8% 1,831 - 55,986 1.,4% 5,040 - 24,418 1. 0%
Green River-Hams Fork: 1,179,740 43.9% 4,840 2,220 - 640 - 6,012 -
Wyoming. .. ............... 1,124,370 51.8% 960 - 160 - 0 - 2,732 -
Colorado . .. ............ 55,370 10.8% 3,880 1.0% 2,060 - 640 - 3,280 1.0%
Uinta-Southwestern Utah: 765,630 45.5% 6,640 - 384,270 22.9% 1,040 - 4,680 -
Colorado . . . . . . . 230,730 40.8% 2,680 - 94,980 16.8% 0 - 0 -
Utah . . 534,900 47.9% 3,960 - 289,290 25.9% 1,040 - 4,680 -
San Juan River: 1,219,770 48.4% 27,040 1.1% 62,650 2.5% 3,140 - 27,190 1.1%
Colorado . ............... 34,470 12.6% 120 - 55,620 20,3% 3,140 - 2,910 1.1%
New Mexico ., 1,185,300 52.8% 26,920 1.2% 7,040 - 0 - 24,280 1.1%

Table 3.2.—Ownership of Surface and Coal Resources in Five Western Coal Management Regions®(in acres) —Continued

State surface/ Percent Private surface/ Percent Private surface/ Percent  Other surface/ Percent Other surface/c  Percent Total coal

Region non-Federal coal of total Federal coal oftotal  non-Federal coal  of total Federal coal oftotal non-Federal coal  oftotal  resource
Fort Union: 111,080 3.0% 1,205,740 32.2% 2,263,470 60.4% 91,580 2.4% 27,450 1.0% 3,750,470
North Dakota ... 44,600 1.8% 711,160 28.3% 1,643,250 65.4% 79,860 3.2% 26,170 1.0% 2,512,370
Montana . . . . . 66,480 5.4% 494,580 40.0% 620,220 50.1 % 11,720 1.0% 1,280 — 1,238,100
Powder River: 473,099 1.7% 3,814,722 61 .7% 720,166 11.6% 70,837 1.2% 32,203 - 6,185532
Montana ... . ...... 107,980 5.8% 1,046,895 55.8% 443,560 23.6% 2,470 - 2,960 — 1,877,651
Wyoming. 365,119 9.2% 2,767,827 69.5% 276,606 6.9% 68,367 1.7% 29,243 — 3,985,338
Green River-Hams Fork: 102,764 3.8% 330,575 12.3% 1,029,655 38.3% 29,648 1.1% 160 — 2,686,254
Wyoming, ., ., ... 57,134 2.6% 56,235 2.6% 912,860 42,0740 17,883 1.0% 40 - 2,172,374
Colorado ., ., . 45,630 8.9% 274,340 53.3% 116,795 22.7% 11,765 2.3% 120 - 513,880
Uinta-Southwestern Utah: 74,590 4.4% 285,410 17.0% 143,290 8.5% 15,320 1.0% 400 — 1,681,270
Colorado 8,190 1.5% 180,070 31.9% 44,360 7.9% 4,160 1.0% 0 - 565,170
Utah............. 66,400 6.0% 105,340 9.4% 98,930 8.9% 11,160 1.0% 400 — 1,116,100
San Juan River: 160,620 6.4% 273,570 10.9% 183,220 7.3% 430,080 17,1 % 133,500 53Y0 2,520,780
Colorado 22,220 8.1% 68,950 25.2% 84,840 31.0% 680 - 1,120 - 274,060
New Mexico ... 138,400 6.2% 204,620 9.1% 98,380 4.4% 429,400 19.1% 132,380 5.9% 2,246,720

Aincludes Known Recoverable Coal Resource Areas (KRCRAs) defined as of March 1978

Dincludes BLM-administered and other public domain lands, excluding National forest tands

Cincludes Bankhead-Jones acquired lands, Federal withdrawn lands (e g military reservations), and Indian lands
d.._indicates less than 1 percent

SOURCE Bureau of Land Management, Final Envit Federal Cod M. Program, 1979
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of the West, rates of natural erosion are among
the highest in the country, and soil frequently

is lost to flash flooding and hillslope erosion.
Vegetative succession also is a slow process in

the West due to climatic severity. A disturbed
site in the Eastern United States may revegetate
itself naturally in 5 to 10 years, but decades or
centuries may be needed for natural revegetation
in the West (9).

The Fort Union Region*

The Fort Union Coal Region in northeastern
Montana and western North Dakota (see fig. 3-
3) lies in the Missouri Plateau of the Great Plains
Coal Province, which extends from the Missouri
Coteau westward tothe Rocky Mountains. The

‘Unless otherwise indicated, the material in this section is adapted
from references 9 and 10.

land consists of rolling prairie and grasslands with
isolated coniferous forests and badlands, and oc-
casional buttes and mesas. The region has rela-
tively deep fertile soils formed from glacial till,
and the primary land uses are grazing and agri-
culture, including hay, feed grains, and various
types of wheat. In 1983, there were 11 operat-
ing surface mines in the North Dakota portion
of Fort Union (seven of which incorporate Fed-
eral coal), and one in Montana, These mines
produced a total of approximately 18.7 million
tons of lignite (1 6). All of the coal is used locally
for electricity generation or synthetic fuels pro-
duction.

The Fort Union region is characterized by a
semiarid continental climate, with an average of
about 15 inches annual precipitation, most of
which occurs in late spring and early summer.
Snowfall averages about 33 inches per year. This
is a region of climatic extremes, and temperatures

Photo credit: Office of Surface Mining

Due to the relatively harsh climate, soils, and other conditions in the Western coal regions, it may take decades for
a disturbed site to revegetate naturally.
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vary widely on an annual, seasonal, and daily ba-
sis. The Rocky Mountains modify the prevailing
westerly flow of air masses from the North Pa-
cific, but there are no topographical batrriers to
modify the cold, dry air masses from the polar
regions, or the warm, moist air masses from the
tropical areas to the south.

Most of the usable surface water in the region
occurs i n the Yellowstone and Missouri Rivers
and the Missouri’s reservoir system. Both agri-
culture and livestock grazing rely heavily on irri-
gation from these rivers. Surface water also is
used for m u nicipal and industrial water supplies.
Groundwater is distributed more evenly over
the region in deep aquifers, but is not as readily
available in as much quantity as surface water.
Groundwater is used for domestic, livestock, mu-
nicipal, and some irrigation water supplies.

Native prairie areas, wetlands (prairie potholes),
and woody draws populated with native trees
and shrubs are the primary wildlife habitats. The
prairie potholes, on the Central Flyway, are part
of the primary waterfowl production area of
North America.

The Powder River Region’

In many respects, the Powder River region (see
fig. 3-4) in southeastern Montana and north-
eastern Wyoming is similar to the adjacent Fort
Union region. As with Fort Union, the Powder
River region belongs to the Great Plains physio-
graphic province and is part of a broad basin be-
tween the Black Hills on the east, the Laramie
Mountains to the South, the Bighorn Mountains
on the West, and the Cedar Creek anticline in
Montana on the North. The region is within the
drainage basin for the Missouri River and its tribu-
taries, including the Powder and Yellowstone
Rivers.

In 1983, there were 18 active surface mines in
the Wyoming portion of the Powder River Coal
Region (16 incorporating Federal coal) with 6 un-
der development, and 7 active mines in the Mon-
tana portion (6 with Federal coal), and 4 under
development. In that year, these mines produced

3Unless otherwise noted, the material in this section is adapted
from references 4, 9, and 11.

about 121.3 million tons of coal (1 6). The region
also contains valuable oil and gas and uranium
deposits, as well as other minerals such as iron
and trona.

The topography of the powder River region
varies from relatively steep high open hills with
heavily wooded escarpments in the northern
part; to gently sloping plains and tablelands in
the central area, with badlands breaking the steep
slopes adjacent to major drainages; to rolling
grass-covered prairie in the southern portion, with
conspicuous scoria knobs and erosion escarp-
ments separated and dissected by broad stream
valleys. The predominant vegetation types are
those typical of rangeland, characterized by low-
growing shrubs and herbaceous plants adapted
to the semiarid condition of the region. The sage-
brush and grassland are broken by patches of
coniferous forest (primarily ponde rosa pine) i n
the northern portions of the region, and by decid-
uous trees (mainly cottonwoods) in riparian areas.
As in Fort Union, big game, smaller mammals,
raptors, and game birds abound, with the region
being part of the Central Flyway for migrating
waterfowl.

The area is semiarid with wide annual temper-
ature variations between summer and winter. The
region is particularly subject to cold air invasions
from the north, although during the winter warm
chinook winds blow from the south and west.
Maximum precipitation usually occurs in the
spring and early summer, with frequent but very
light rain showers and occasional heavy cloud-
bursts that cause flooding. Droughts are com-
mon. Even when annual precipitation is higher
than average, it may not occur during the criti-
cal period of the growing season.

Streams originating in the plains areas tend to
be ephemeral (flow only as a result of direct run-
off), while streams rising in the Bighorn Moun-
tains and Black Hills usually are perennial, with
sustained base flows from groundwater inflow.
The numerous stock-water reservoirs and spread-
er systems on many of the small tributaries re-
sult in appreciable depletion of water through
evaporation and seepage. The major uses of the
surface waters include storage for consumption
by livestock, irrigation of hay crops along the base
of the Bighorn Mountains and in the North Platte
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Figure 3-4.—Powder River Coal Region

e
\\ \
\ N 7N
! Miles Rl }
I ; ~J
,? ‘.
/] - £ \
4 \

Colstrip
-

Billings ¢ o

Custer Natlonat

State Boundaries

Coal Region
Boundaries

Indian
Reservations

Special Manage-
ment Areas

Foresi|

Bighorn Natlonal L3
Recreation Area Mortana O;
- -a
L4
Wyoming -
® Sheridan
Davil's
Towet
. Nationaf | \
Bighorn Thunder Basin - Monument £ Biack Hills

Nalicnal Forest National Grasslands

Cloud Peak

Primilive Area Gilleite *

Thunder Basin
National Grasslands

N Platie

Casper Glenrock

| Pathtinder National
I Wwildlife Refuge

Medicine Bow
National Forest

SOURCE: Office of Technology Assessment.

Natianal Forest.

South Dakota




Ch. 3—Western Surface Mining and Reclamation .55

River drainage, and for municipal water supply
systems. Groundwater from shallow aquifers is
the principal source of domestic and livestock
supplies, and is used extensively for waterflood-
ing in secondary oil recovery. Many of the aqui-
fers have too high dissolved solids or sodium con-
tent for use for irrigation or human consumption.

Green River= Hams Fork Region®

The Green River-Hams Fork Coal Region is in
northern Colorado and southern Wyoming and
includes the Green and Yam pa River basins, as
well as the Hanna basin, Great Divide basin, Red
Desert, and portions of the geologically complex
Overth rust Belt (see fig. 3-5). In 1983, there were
14 active surface mines (1 O with Federal coal) and
2 under development in the Wyoming portion
of the region, and 12 active surface operations
(6 Federal coal) and 2 under development in the
Colorado portion, producing approximately 7 to
8 million tons and 18 million tons, respectively.
There also are a number of underground mines
in the region. The coals range from sub-bitumi-
nous to high volatile bituminous, with seam thick-
nesses varying from 1 foot to over 30 feet (1 6).

The Green River-Hams Fork region is topo-
graphically diverse, ranging from the low moun-
tain ranges, rolling hills, and broad alluvial valleys
of the Yam pa coal field; to the sagebrush-covered
high plains and rimrock of the Hanna Basin; to
the mountains and valleys formed by linear folds
and faults in the Overthrust Belt. The predomi-
nant vegetation type is sagebrush and associated
shrubs such as greasewood and saltbush. Ever-
green and aspen forests may be found in the
higher elevations, and deciduous trees along the
river drainages, with some stretches of open
grassland. Livestock grazing is the most extensive
land use in the Green River-Hams Fork region,
with some cropland (primarily hay) along river
bottoms where irrigation water is available.

The region has a semiarid continental climate
characterized by dry air, clear skies, little precip-
itation, high evaporation, and large diurnal tem-
perature changes. Annual precipitation in surface

4Unless otherwise indicated, the material in this section is adapted
from references 8 and 9.

mining areas varies from about 7 inches per year
in southwestern Wyoming to around 26 i riches
in the high plateaus of Colorado. Thunderstorms
can occur almost daily in the summer, and bliz-
zards or extremely frigid conditions are not un-
common during the winter months.

The region contains the upper parts of seven
river basins and a portion of the Great Divide ba-
sin, which has no drainage to either ocean. The
North Platte River drains areas east of the Con-
tinental Divide, while the Colorado, Green, Lit-
tle Snake, White, and Yampa Rivers drain west
of the divide. Surface water is used for irrigation
of cropland, for livestock and wildlife, and to
meet industrial and municipal demands. Ground-
water may be found at varying depths throughout
the area, and many of the coal beds are poten-
tial aquifers. The predominant uses of ground-
water are for livestock and ranch wells, with some
wells supplying oil driling operations.

In general, the Green River-Hams Fork region
provides excellent habitat for big game animals,
which summer i n the aspen and conifer habitats
of the higher elevations and winter at lower ele-
vations in mountain shrub and sagebrush areas.
In some areas, winter density of elk is 50 per
square mile. Game birds, especially grouse, are
common, as are eagles and other raptors. Wild
horses also may be seen throughout the region.

The San Juan River Region®

The San Juan River Coal Region is in the Colo-
rado plateau, encompassing northwestern New
Mexico and part of southwestern Colorado, in-
cluding the Four Corners area (see fig. 3-6). It is
essentially a high plateau, with low mesas, buttes,
and badlands, occasionally cut by deep canyons
formed by streams. The basin is surrounded by
mountain ranges: the San Juans to the north, San
Pedro Mountain and the Naciementos to the east,
the Zunis on the south, and the Chuska Moun-
tains to the west, with altitudes ranging from
5,000 to 7,500 feet. The Federal Government
owns or manages much of the surface, includ-
ing National Forest, Bureau of Land Management,

sUnless otherwise noted, the material in this section is adapted
from references 4, 7, and 9.
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Figure 3-6.—San Juan River Coal Region
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and Tribal lands. In 1983, there were 10 active
surface mines in the New Mexico portion of the
region (5 incorporating Federal coal, including
Tribal coal), with 4 under development. The
Colorado portion of the region has one active sur-
face mine with Federal coal and four with pri-
vate coal. The region’s surface mines produced
approximately 20.3 million tons of coal in 1983
(16).

The region lies south of the major storm belt
from the Pacific across the Rockies, and has a
semiarid to arid climate. Annual precipitation
averages less than 10 inches, although the higher
elevations may receive as much as 20 inches due
to greater snowfall. Summer rainfall is primarily
from intense local thunderstorms that frequently
cause flash flooding. Daily high-low temperatures
show a large variation, and potential evaporation
exceeds normal precipitation by a factor of 6 or
more.

The San Juan is the major river draining the re-
gion. Surface waters in the region generally have

high concentrations of suspended sediment, es-
pecially during the floods associated with spring
snowmelt and summer thunderstorms, The pri-
mary use of surface water is for irrigation.
Groundwater generally is of good quality where
it is available, and is used for livestock and do-
mestic consumption, as well as in support of coal
and uranium mining. The heaviest groundwater
pumping occurs around Gallup, New Mexico,
where withdrawals for coal and uranium mining
and for municipal use exceed the natural replace-
ment to the aquifers.

The principal vegetation types include grass-
land and grassland-shrub at the lower elevations,
pinon-juni per up to 7,000 feet, and conifer for-
est above 7,000 feet. Livestock, dryland farming
(primarily in Colorado), and irrigated farming
along water courses are important land uses,
along with energy development (coal, oil and gas,
uranium). Many of the grassland-shrub areas in
the region have been severely overgrazed by
livestock.

WESTERN SURFACE MINING TECHNIQUES

Surface mining is the oldest and least expen-
sive method of mining coal in the United States
and currently is used to obtain about half of to-
tal U.S. coal production. Due to the nature of
the Western coal resource, which has a relatively
low Btu value and generally is near the surface,
surface mining is the predominant method in
that part of the United States, accounting for
around 80 percent of regional production (see
table 3-1). The techniques now practiced in West-
ern surface mining operations have been devel-
oped to maximize recovery of the coal (which
often occurs in multiple seams) with machinery
that ranges from simple tractors equipped with
backhoes, to very large electric shovels and
draglines.

In general, surface mining involves exposure
of the coal seam by removal of the overlying soil
and rock material (overburden). The overburden
is stored in spoil piles until needed to backfill the
pit after the coal has been extracted. Due to the

size of Western surface mining operations,
where mines producing 5 to 10 million tons per
year are typical, and mines producing 10 to 20
million tons per year are not uncommon, the
scale of the equipment is correspondingly larger
than that in the East and Midwest. Shovel and
dragline bucket capacities range from 40 to 115
cubic yards, and haul trucks have gross weights
up to 220 tons. The larger scale of mining and
operational considerations resulting from the to-
pography and other factors also necessitate the
use of mining methods different from those in the
East.

Area or open-pit mining is the method most
commonly used to extract Western coal. Large
open pits are developed to expose the coal, using
a variety of equipment. The pit advances as coal
is extracted, and the mined-out portions are back-
filled. The size and shape of the pits, and the way
in which the overburden is stored temporarily
(“spoiled”) and the pit backfiled, are a function
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Photo credit: Jenifer Robison, OTA staff

Due to the large size of Western surface coal mines,
where annual production may be as high as 15 to 20
million tons per year, the scale of the equipment
is correspondingly larger than that used in the
East and Midwest.

of the attitude, thickness, and number of the coal
seams, and of the equipment selected (see fig.
3-7). Longer dragline booms and the develop-
ment of multiple-bench operations enable West-
ern mines to reach coal buried under overbur-
den 200 feet thick or more, and methods have
been proposed for mining to stripping depths of
over 500 feet (see fig. 3-8).

In contrast, common Eastern mining method-
ologies include contour and auger mining. Con-
tour mining is used in hilly areas, as in much of
Appalachia, where a coal seam outcrops on the

Photo credit: Jenifer Robison, OTA staff

Auger mining is used in some Western coal areas to
recover additional coal when the overburden becomes
too thick for exposure of the entire seam
to be economical.

side of a hill. The mine begins at the outcrop and
proceeds along the contour of the bed in the hill-
side, until the ratio of overburden to coal be-
comes too great for surface mining to be feasi-
ble. At that point auger mining, where huge drills
are driven horizontally up to 200 feet into the coal
seam, is used to recover additional coal (see fig.
3-9). These mining methods are not useful on the
broad, flat plains that overlie most Western coal.
They are, however, used to a limited extent at
some of the small mines in hilly terrain in
Colorado and New Mexico, and to recover some
of the steeply dipping coal in Wyoming.

SURFACE MINE IMPACTS AND RECLAMATION

Surface mine reclamation may proceed in par-
allel with or independently of excavation. With
parallel reclamation, the overburden from an ac-
tive area is placed in the area of the previous cut,
and then backfiled, graded, and compacted (if
necessary). At the same time, topsoil is hauled
from a newly disturbed area and applied directly
to the recontoured overburden without stock-
piling. This method avoids expensive double
handling of the overburden, and is the general

practice (after the initial cut) at larger Western
operations. Where parallel reclamation is not fea-
sible, the topsoil from an active area is stockpiled
and the overburden accumulated in spoil piles
until these materials are needed to fill a mined-
out pit. At that time, the overburden is backfilled
and graded to postmining contour, and then the
topsoil is hauled to the recontoured area, graded,
and prepared for seeding and planting. While
Western surface mine reclamation can be rela-
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Figure 3.7.—Area or Open-Pit Mining
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tively straightforward, the wide range of hydro-

logic, soils, vegetation and other conditions that

may be encountered, and the extensive regula-
tory requirements imposed under Federal and
State reclamation laws, also can make it an ex-
tremely complicated process.

30URCE: Thunder Basin Coal Co.

This section reviews the reclamation methods
or techniques currently in use at mines in the
Western United States. Special reclamation situ-
ations are illustrated with examples, highlighted
in boxes, from Western mines whose permit ap-
plications were reviewed for this assessment. The
permitting process and the data and analyses redi Ut

used to develop a mining and reclamation plan p g m gadre amat ac m
are discussed in detail in chapters 4 through 6. pm g wad e g whp ped aead
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Figure 3-8.— How To Help Draglines Reach Deeper Seams
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niques and issues, and technological innovation
and research in reclamation methods.

Soil and Overburden

The methods used to salvage and redress
topsoil and to handle overburden vary widely
among mines, depending on the physical and
chemical characteristics of the soil/overburden
and the configuration of the mine. For  soil han-
dling, a system is developed for each mine, using
the baseline soil inventory in the permit appli-
cation as a guide, in order to salvage the right
amount of topsoil from the appropriate areas (see

éUnless otherwise noted, the material in this section is adapted
from reference 12.

chs. 5 and 6 for further discussion of soil inven-
tories and salvage plans). The topsoil usually is
salvaged with large machines called scrapers, but
deep soils may be salvaged with truck and shovel
equipment. Similarly, each mine will handle over-
burden differently, depending on its physical and
chemical characteristics. After the overburden is
drilled and blasted, it is removed either with a
dragline or electric shovel and truck.

Characterization

Soil is ranked as suitable or unsuitable for sal-
vage according to chemical or physical criteria
that affect revegetation success. These criteria
are established by the State regulatory authority
and reflect characteristics of climate, vegetation,
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and geology of the mining regions in that State
(see ch. 6, table 6-4). These criteria, methods of
data collection, and suitability determination are
discussed in chapters 5 and 6. All suitable mate-
rials normally are salvaged for use in reclamation
(unless the suitable soil is very deep), and unsuit-
able materials are spoiled with the overburden
(see “Overburden Handling, ” below). As dis-
cussed in chapter 8, salvaging very deep soils
without special handling (e. g., two lifts; see be-
low) and without regard to the biological viabil-
ity of the soil can make revegetation more diffi-
cult. If sufficient topsoil is not available, a suitable
topsoil layer must be reconstructed from over-
burden or interburden materials (see examples
from Western mining situations illustrated in
boxes 3-A and 3-B).

Overburden also is ranked as suitable or un-
suitable, the goal being to ensure that overbur-
den material in contact with redressed soil and
within the root zone will not be deleterious to
soil development and plant growth. The deline-
ation of deleterious overburden is governed by
criteria (shown i n table 6-3) often referred to
as “suspect level s.” Overburden material that
tests above those levels is considered potentially
“toxic” (defined as “chemically or physically
detrimental to biota” in the Federal regulations)
and must be specially handled to protect ground-

water and/or covered with sufficient benign ma-
terial to protect vegetation (see box 3-B). The
methods for identifying and handling unsuitable
and toxic materials are discussed in chapters 6
and 8.

Overburden Handling

The overburden on a site usually has both
deleterious and benign zones, although the
overburden on some sites may be all benign or
even all deleterious. If all of the overburden is
benign, the spoil can be backfilled without spe-
cial handling. Where some or all of the over-
burden has deleterious qualities, the mine plan
must ensure that revegetation and postmining
surface and groundwater quality will not be ad-
versely affected (see box 3-H, below). This re-
quirement often is satisfied with a permit stipu-
lation that the top 4 to 8 feet of the recontoured
spoil must be tested for unsuitable characteris-
tics prior to replacement of the topsoil. Other-
wise, the unsuitable material must be rehandled
and buried in the pit or spoil piles (see box 3-C),
covered with suitable spoil (usually 4 feet or more
in thickness) from an adjacent area, or treated
(e.g., iming acid spoil).

Special handling of overburden can be accom-
plished much more easily in a truck and shovel

Box 3-A.—Use of Overbu : psoil Substitute!

The regulations in all five of the study-anea States allow the use of supplemental overburden material
in addition to, or in place of, existing topsoils when the supp!emental material can be shown to be as
good or better than the existing topsoil. Although sucha situation is extremely rare, at one mine the premin-
ing soils inventory showed most of the site to comlst of bmnds or shale barrens, and all of the surface

materials were determmed to be unsunabie ior use as topsoi

sandstones or saltsto
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as well as the effects of the high sodium content on the physical characteristics of the spoil.

1See case study mine M in reference 12,
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Box 3-B.Obtaining Sufficient Topdressing for Unsiutable Overburden'

Overburden characterization at a mine in New Mexico indicated that essentially all of theoverburden
is deleterious due to high SAR and clay content. The Federal regulations require “appropriate depth of
cover” over toxic materials, but at the time of permitting, the State progam did not have a definition of
“toxic.” The operator contended that non-saline, sodic spoils (materials with high sodium relative to cal-
cium and magnesuim, but low total sodium and other salts) are not toxic to adapted species. During per-
mitting, the operator argued that 4 feet of cover are not available onsite that native species are adapted
to the conditions, and that codification of the topdressing was not a concern. Subsequent research con-
ducted by the operator supported the latter contention, but it was challenged by the regulatory authority,
which imposed a permit stipulation that required a soil monitoring plan. To enable the operator to obtain
additional volumes of cover, the regulatory authority relaxed the suitability criteria, based on the natural
soil chemistry, to allow use of saltier, more sodic materials. Based on the relaxed criteria, subsequent vOI-
ume calculations showed 11.2 inches of topdressing to be available. The regulatory authority contended
that 11.2 inches would be insufficient due to the high SAR, and requiredl18 inches. A regolith (weathered
bedrock) study also was required by the regulatoryauthority to delineate additional suitable materialThe
study found two isolated bodies of regolith that could provide about 6 inches more cover, for a total of
almost 18 inches. Over most of the mined area, topsoil and subsoil will be redressed to a depth of 18
inches in two lifts of 4 inches and 14 inches, respectively. In areas of benign spoil, two 4-inch lifts will
redress topsoil to a depth of 8 inches.

'See case study mine L in reference 12.

Box 3-C.-Special Handling of Unsuitable Material*

A dragline operation in the eastern Powder River basin is mining two seams with a gray shale interbur-
den that has a high clay content. When the mine was first permitted under a pre-SMCRA State law, high
clay contents were considered unsuitable, and the regulatary authority did not allow the interburden to
be spoiled in such a manner as to be found on the surface of the regraded spoil. This required very expen-
sive double handling of the spoil in order to make room deep in the overburden spoil for the interburden.
In the early 1970s, research on copper:molybdenum ratios in yellow and white sweet clover (molybdenum
accumulators) growing on the site showed ratios (i.e., high molybdenum relative to copper) suspected
to be capable of causing molybdenosis in cattle. Subsequent sampling of the overburden and spoil at this
mine showed molybdenum concentrations still above suspect levels, and the requirement for double han-
dling was retained when the mine was permitted under the permanent regulatory program. Permit stipula-
tions required recontoured spoil sampling and a special study of the molybdenum problem. That study,
conducted from 1979 to 1982, found that ‘segregation of the interburden material did not have a statisti-
cally significant effect on the molybdenum content or copper:molybdenum ratios of the seeded plant spe-
cies, when compared to vegetation grown on the mixed interburden area.’ As a result of this and other
findings, the company requested that the requirement to bury the interburden be eliminated. Based on
the regulatory authority’s understanding that the interburden would be buried to a considerable degree
over much of the remaining area to be mined, on the condition that the company submit a regraded
spoil/vegetation sampling and analysis program, and on the condition that problem spoil materials de-
tected in that program would be removed and/or buried, the regulatory authority granted the request in
1984. If spoil samples indicate unsuitable pH, salinity, or SAR, the area would be rehandled. If molybde-
num is high (above & ppm), the spoil will be rehandled or covered; if it is above the suspect level (between
2 and 6 ppm), vegetation transects will be monitored on the revegetated surface. If molybdenum levels
in the forage become a problem for grazing animals, the affected area will have to be completely recon-

See case study mine C in reference 10.
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operation than with a dragline. The top bench
(40 to 50 feet), which is less likely to have dele-
terious qualities because it is at least partially
weathered, usually is placed on top of the spoil
during recontou ring in a truck and shovel oper-
ation. With a dragline, however, overburden ma-
terial closer to the bottom of the stripping depth
is more likely to end up on top of the recontoured
spoil where it will be subject to oxidation. An in-
efficient modified dragline swing that increases
the likelihood of undesirable material being bu-
ried, or expensive double handling may be re-
quired to prevent this occurring. With either type
of equipment, the situation can become more
complex if strata exhibit parameters that are dele-
terious both to revegetation and to groundwater
quality (e.g., selenium), or exhibit multiple dele-
terious parameters (e.g., overburden exhibiting
both a high SAR and high nitrates; see “Ground-
water, ” below).

Under SMCRA and the State programs, the
overburden must be backfiled and graded to the
approximate original (premining) contour unless
specifically exempted due to excess or thin over-
burden. The design of the recontou red surface
must have slopes that will provide a stable post-
mining landscape that is subject to neither exces-
sive erosion nor deposition, and is compatible

Photo credit: Office of Surface Mining

Special handling of potentially deleterious overburden
material can be accomplished more easily with a
shovel, because the benign upper bench is more

likely to be spoiled on top during
backfiling and recontouring.

Photo credit: Jenifer Robison, OTA staff

With a dragline, overburden material closer to the

bottom of the stripping depth is more likely to end up

on top of the recontoured spoil, where it will be subject

to oxidation, enhancing its potential for deleterious
effects on revegetation.

with the postmining land use. As discussed in
chapter 8, however, recontou ring to the approx-
imate original contour may be impossible in some
instances (e. g., removal of bedrock outcrops).

Some subsidence has occurred on recon-
toured surfaces in Colorado, Montana, North
Dakota, and Wyoming. For example, at one
mine in Montana, a depression about 4 feet deep,
50 feet wide, and 200 feet long has formed; a long
area parallel to dragline spoils has subsided leav-
ing a 1-foot high scarp; and a few cracks several
hundred feet long have appeared. Over the long
term, there is a potential for subsidence in
dragline operations, where the mine floor be-
comes covered with thin strata of coarse rubble
composed of wasted coal and boulders that col-
lect at the bottoms of spoil ridges. These rubble
zones can become confined aquifers postmining,
and there is a possibility that, over the long term,
the rubble will break down in the water, leaving
a void that could cause subsidence (14).

After final grading, the recontoured spoil is pre-
pared for topsoiling, typically by ripping with a
chisel plow to alleviate compaction, prevent a
spoil/soil barrier from forming, and prevent the
soil from slipping on the spoil surface.
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Soil Handling

Salvaged soil may be stockpiled until it is
needed for reclamation, or it may be hauled
directly to an area being reclaimed, depending
on the timing of the mining and reclamation.
Rehandling stockpiled topsoil is expensive, and
the combined haul distance from salvage to
stockpile and then to reclamation area may be
farther than directly from salvage area to recla-
mation area. Moreover, soils that have been
stockpiled for more than about 2 years deteri-
orate biologically due to decreases in the via-
bility of seeds, roots, and microbiota, increas-
ing the difficulty of revegetation (see ch. 8).

Soil is handled in either one or two lifts. The
latter requires that surface materials (usually A
and B horizons) be segregated from subsurface
(usually C horizon), and then redressed with the
topsoil (A and B) over the subsoil (C). As a re-
sult, the more organically rich and biologically
active materials are concentrated on the surface
of the reconstructed soil, rather than being mixed
with the less rich subsoil. This is an especially im-
portant consideration for very deep soils. The
Montana and North Dakota programs both re-
quire two lifts, as does the Colorado program in

some instances. Even in areas of thin soils, how-
ever, operators are beginning to appreciate the
benefits derived from a two-lift system, and the
procedure is being adopted more and more
when the potential reclamation advantages out-
weigh the additional operational cost.

As an area or open-pit mine progresses, two
lifts may be combined with direct hauling. In this
case, topsoil from a small strip of land is first sal-
vaged and stockpiled temporarily. Subsoil from
that strip is picked up and applied to a backfiled
area in the process of being reclaimed. Topsoil
from the next strip is then picked up and applied
over the redressed subsoil. This continues to the
end of the salvage area, when the temporarily
stockpiled topsoil is placed over the last band of
redressed subsoil. The combination of two lifts
with direct hauling methods may provide the
best species diversity in revegetation at mines
with deep soils because it simultaneously pre-
serves the biologically active materials and re-
places them on the surface. Where topsoil oper-
ations are contracted out, or where there is a
dedicated fleet of reclamation equipment, this
method is implemented more easily than at oper-
ations where scrapers are shared between top-
soil operations and pit operations.
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Federal regulations require that topsoil be re-
dressed in a uniform thickness, consistent with
the postmining land use. During premine plan-
ning, the volume of available soil is calculated
and divided by the area to be redressed to get
the average thickness of topsoil (see ch. 6). As
discussed in chapter 8, however, allowing non-
uniform topsoil replacement may facilitate di-
rect hauling and may provide greater vegetative
diversity. In the Western States, only the Mon-
tana legislation specifically mentions special
reconstruction of soils with non-uniform depths
as an alternative reclamation technique, although
this method has been or wil be permitted on a
case-by-case basis at several mines in other parts
of the study region (see boxes 3-B, and 3-O).

There are numerous methods of preparing the
redressed topsoil for seeding and planting, and
of preventing erosion. These include contour fur-
rowing, ripping on the contour, surface pitting,
disking, terracing, and mulching. For particular
postmining land uses or unusual revegetation
problems, special soil reconstruction methods are
employed (see boxes 3-D, 3-G and 3-K). The re-
dressed surface soil may be tested for fertilizer
requirements prior to seeding (see “Revegeta-
tion, ” below).

Surface Water’

Surface water reclamation may involve both
mitigation of impacts to water quantity and qual-
ity during mining, and restoration of the surface
water hydrologic regime after mining is com-
pleted. Discharges from active mining or re-
claimed areas to local streams may increase levels
of total suspended solids (TSS) and total dissolved
solids (TDS). Changes in postmining groundwater
quality also can affect surface water quality where

groundwater systems discharge to surface streams.

Moreover, surface mining can either increase the
water quantity in local streams due to discharges
from the mine, or decrease flow due to impound-
ments and drawdowns.

‘Unless otherwise noted, the material in this section is adapted
from reference 14.

Water Quality

Although current mining regulations do not
specifically distinguish between perennial and
ephemeral streams when establishing effluent
limitations from point sources, the potential im-
pacts from surface mining are very different for
the two types of streams. The potential for in-
creasing sediment loads in ephemeral streams
is slight, due to their naturally high sediment
levels during runoff events. Impacts on perennial
streams can be significant, however, including in-
creases in 7SS due to accelerated erosion result-
ing from removal of the vegetative cover, strip-
ping of topsoil, and construction of stockpiles,
tipples, roads, and other facilities. 1n addition, in-
creases in TDS levels in perennial streams may
be caused by discharges of pit water or by the
movement of groundwater through replaced spoils
to discharge areas in perennial stream channels
(see “Groundwater,” below).

Effluent limitations for TSS are established un-
der the Clean Water Act and SMCRA (see ch. 4).
As discussed in chapter 8, sediment control
ponds generally are considered the best avail-
able control technology for meeting the TSS
standards, although the effectiveness of alter-
native controls currently is being investigated.
Where sediment control ponds are used, they are
classified as point sources and must be designed
to meet effluent standards for runoff equal to or
less than that resulting from a lo-year 24-hour
precipitation event. B The effluent standards for
point sources include limitations for pH, total
iron, and total manganese, as well as TSS. To en-
sure that these standards are met, ponds are de-
signed to store the entire 10-year 24-hour runoff
volume. The water stored in such ponds is re-
leased gradually after it has been detained long
enough to meet the effluent standards for point
sources.

The principal control for TDS in Western sur-
face mining is to ensure that soil and overbur-
den materials containing soluble ions (primarily
salts) are buried in such a manner that they will

8A 1 ()-year 24-hour precipitation event is the maximum amount

of rain that could fall within 24 hours with a probable recurrence
interval of once in 10 years, as determined by the National Weather
Service.
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not reach surface receiving waters (or ground-
water) in concentrations in excess of the appli-
cable standards.

A 1981 assessment of the cumulative TDS im-
pacts from all anticipated mining and agricultural
development on the Tongue River of southeast-
ern Montana indicated that, even with intensive
mining, the dissolved solids concentrations in the
study area would not increase substantially, nor
would they reach levels unfit for irrigation water
(1 5). That assessment found that the Tongue River
tributaries could experience significant increases
in TDS, but the major tributaries already have dis-
solved solids concentrations considered unsuit-
able for irrigation. A similar cumulative impact
assessment of the Yampa River and its tributar-
ies found that the effects of mining are greatest
during periods of low flow when high TDS loads
due to groundwater discharge are not diluted by
surface runoff. As in the Tongue River study area,
impacts to the smaller perennial streams in the
Yampa basin are expected to be the greatest, and
could adversely affect the suitability of these
waters for irrigation during average-to-low flows.’

Water Quantity

Individual mines have little impact on the
guantity of surface water supplies in the West-
ern States. The water that is used at a mine for
dust control, coal preparation, etc., generally is
drawn from aquifers below the coal being mined,
and supplemented by water interrupted by the
pit and water stored in sediment ponds. The
drawdowns created by an individual mine sel-
dom substantially impair the yields of nearby
wells or flows in perennial streams. The disrup-
tion in surface-water supplies caused by the
cumulative drawdown of several mines concen-
trated in one area is discussed in chapter 6. Ad-
ditionally, water storage in sediment control
ponds can decrease streamflows when the cumu-
lative impacts of several mines within a drainage
basin are considered (see ch. 8).

Unlike experiences in the East, mine discharges
are seldom a problem in Western mining opera-
tions. In the semiarid Western environment, shal-

9The data and methodologies for these cumulative assessments
are discussed in chs. 5 and 6.

low aquifers likely to be intersected by the mine
pit often are of limited extent, or are seasonal.
Thus the volume of continuous or seasonal dis-
charges from surface mines is small and easily
borne by local stream channels capable of hold-
ing flows from much larger volume precipitation
events. The low volume of these discharges also
relieves the potential for impacts to water qual-
ity of the receiving streams.

Occasionally, some of the large mines in the
Powder River basin have temporarily produced
very large discharges from scoria bodies (cindery
rock strata) breached during facilities construc-
tion or mining. For example, in 1976, a mine in
this area pumped 6,000 gpm for several days from
a saturated scoria pod encountered during ex-
cavation for a coal preparation plant. Discharge
of this water into the Little powder River, an in-
termittent stream, significantly altered the flow
until the scoria was dewatered.

Restoration of Surface Drainage Systems

Replacement of an erosionally stable surface
drainage system is critical to the long-term suc-
cess of surface mine reclamation. Although not
specifically addressed in SMCRA, regulatory au-
thorities use the general legislative provisions for
water quality protection, minimum disturbance
to the hydrologic balance, and erosion control
to require operators to include designs for the res-
toration of surface drainage systems in their per-
m it applications (see ch. 6). A detailed hydraulic
analysis of each restored channel also is required
to ensure that postmining runoff velocities will
not cause erosion. If the velocities are erosive,
engineered controls such as riprap may be used,
but States discourage the long-term use of engi-
neered structures in permanent reclamation de-
signs because they require maintenance after run-
off events (see boxes 3-E and 3-F).

The extent to which mining affects surface
drainage characteristics depends on factors such
as stripping ratio, areal extent of mining, and min-
ing methods. Mines that cover large areas or con-
tain relatively small watersheds often must recon-
struct entire drainage basins. The ultimate goal
is to develop topographic characteristics that pro-
duce a system in equilibrium with respect to ero-
sion and sediment transport (see ch. 6). Where
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Box 3-E.—Reconstruction of a Surface Drainage on an Excess Spoil Disposal Area

A mine permitted pre-SMCXA is constructing a fill area for excess spoil disposal within a surface drain-
age. Incised valleys in the area of the mine generally are narrow, V-shaped, and about 250 to 500 feet
deep, with valley wall gradients of 40 to 100 percent. When completed, the valley fill will contain approxi-
mately 54 million cubic yards of overburden with an average slope of 3:1 (horizontal to vertical). The face
will be topsoiled and revegetated, and mulching and contour furrows in conjunction with benches will
be used to control erosion. The drainage being filled with spoil contained an ephemeral stream that drained
to perennial streams downstream of the permit area. The stream channel has been relocated on the north
side of the fill, with drainage from the face of the fill collected by ditches that slope gradually in the direc-
tion of the restored stream channel. The channel empties into a sedimentation pond at the bottom of the
fill. The restored channel was designed to accommodate the 100-year runoff event based on the ultimate
maximum drainage area when reclamation is complete+ The restored channel will be completely lined
with riprap due to potentially erosive velocities (6 feet per second) during the design event.

See case study mine Q in reference 14.

Photo credit: Colowyo Coal 00.

This excess spoil disposal area oocupies a former stream valley. Note the cross-slope channels draining into
the reconstructed drainage (right center), which is lined with riprap and drains into
a sedimentation control pond (lower right).
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the stripping ratio is high, the postmining topog-
raphy often will very nearly duplicate premining
topography, and it may be possible to restore the
premining surface drainage system to its approx-
imate original configuration. Provided that the
premining erosional stability of the drainage sys-
tem was not dependent on geologic features that
are removed during mining, such as bedrock out-
crops, restoration of stream channels may sim-
ply be a matter of restoring premining channel
slopes, cross sections, and bed form.*”

In other areas, such as the Powder River ba-
sin, low stripping ratios may preclude restoration
of a drainage system to its original configuration.
In these areas, entire drainage systems must be
built on the restored surface, based on a com-
plete quantitative analysis of the geomorphology
of the premining and postmining drainage basins.
Where the overburden is extremely thin (relative
to the coal seam thickness), it may be difficult to

10Bed form includes channel bed characteristics such as particle
size gradation for alluvial channels, or the presence of perennial
sod-forming grasses for stabilized channels.

establish any surface drainages, and permanent
topographic depressions may remain.

In cases where mining removes only a seg-
ment of a stream channel, restoration involves
duplication of the undisturbed channel with no
abrupt changes in slope as well as nonerosive
slopes (see box 3-F). If necessary to achieve
acceptable slopes, channels and flood plains are
reconstructed in a winding configuration (“sin u-
osity”) to spread the change in elevation over a
longer distance. If the channel is alluvial, special
attention must be paid to the size and gradation
(size composition) of the bed material in order
to maintain the sediment transport rate and en-
sure channel stability. For channels stabilized
with vegetation, the ability of the bed and bank
to support a viable vegetation community is the
critical factor.

Special surface water restoration techniques
may be used in innovative or unique reclama-
tion situations. These include channel reconstruc-
tion through natural scouring and deposition
processes, engineered reconstruction of winding
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Photo credit: Jenifer Rob/son, OTA staff

At this Wyoming mine, a small drainage basin was
reconstructed with a winding drainage proceeding from
the upper center of this picture to the lower left. Millet
was planted to stabilize the topsoil until the appropriate
season for applying the permanent seed mix.

drainages, and restoration of wetlands (box 3-G).
in these situations, the criteria for evaluating the
success of the reclamation become extremely im-
portant (see ch. 7).

Groundwater™

Surface coal mining affects groundwater re-
sources both during and after mining in ways that
vary with the mining method, the extent and
scale of mining, and the characteristics of the
hydrogeological system. Mining activities can
lower water tables and reduce groundwater
quality, either of which could result in impacts
to the existing ecological system (ch. 6 discusses
the analytical techniques used to predict these
impacts). Surface mining regulations require the
operator to monitor groundwater characteristics
for at least 1 year prior to the start of mining, in
order to establish a baseline against which the
impacts of mining can be measured (see chs. 4
and 5).

Groundwater Quantity

Shallow aquifers in coal seams and overburden
strata in the Western States provide water for both
stock and domestic uses from wells that typically

1 Unless otherwise noted, the material in this section is adapted
from reference 14.
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yield 5 to 10 gpm, a flow rate insufficient for irri-
gation. Exceptions are wells developed in the
alluvial aquifers of major streams, such as the
Tongue and Missouri Rivers, where much larger
yields are possible. In any case, State water laws
and the Federal and State regulatory programs
require the mine operator to replace the water
supply or to otherwise compensate the owner for
the water lost if mining activities dewater any
nearby wells to the extent that they are no longer
usable.

During and after mining, aquifers in the over-
burden and coal are destroyed and replaced by
mine spoils. Usually the coal seam itself would
have been the only shallow aquifer of any sig-
nificance. Tests conducted on wells developed
in postmine spoils in several Western mining
areas suggest that the spoils will be at least as
capable of transmitting water as were the coal
seam aquifers that have been removed.

Mining method, which together with lithology
determines the swell factor (the ratio between the
volume of postmining spoils and premining over-
burden) in the replaced spoils, partially influences
the degree to which an aquifer’s premining hy-
draulic characteristics are restored postmining.
Swell factors range from 5 to 10 percent for small
scraper mines, 10 to 15 percent for truck-and-
shovel mines, and 20 to 30 percent for dragline
operations. There is a general correlation be-
tween increase in postmining volume and an in-
crease in porosity and hydraulic conductivity. For
permit approval, the operator is required to eval-
uate both the sources and the rate of recharge
to the postmine spoil aquifer (see ch. 6).

Spoils aquifer recharge and groundwater dis-
charge to surface waters are affected by post-
mining surface topography. At thin overburden
mines, for example, postmining topography may
be lower than the premining surface, and unless
the backfill is sealed to create a confined aquifer,
a lake or swamp could form on the surface. At
a mine in Wyoming, where modeling showed the
potential for the postmining water table to be ap-
proximately 10 feet below the surface, the post-
mining topography will be designed with small
stream channels at least 10 feet deep to drain sur-
face water, intercept the water table, and keep

the majority of the surface from being saturated
(see also box 3-H).

Groundwater Quality

Mining breaks up shales and sandstones and
exposes fresh mineral surfaces for leaching,
which will affect the quality of the water that
flows through these materials. Because ground-
water flows toward the pit during mining, there
is little opportunity for any contaminants intro-
duced by mining to affect offsite areas, and im-
pacts to groundwater quality during mining are
minimal (see ch. 6, figs. 6-1A, B).

The greatest potential for groundwater quality
impacts occurs after mining, when groundwater
saturates the spoil and returns to a steady-state
groundwater flow pattern (fig. 6-1 C). Water qual-
ity is expected to be degraded in the resatu rated
spoils until they have been leached by sufficient
volumes of water to establish a chemical equi-

' Box 3—H.-«-Buml of Unmitable Spoil 80 as
- To Prevmt erndwater Contamination'
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librium between incoming water and soluble
constituents in the spoil material. Over the long
term, however, groundwater quality is still pre-
dicted to be suitable for the majority of post-
mining land uses.

The soluble constituents primarily responsible
for elevated TDS levels are the salts of sodium,
calcium, and magnesium, as well as sulfate and
bicarbonate. The worst impacts on postmining
groundwater quality could result from placement
of unoxidized sodic and sulfide-rich sediments
near the surface—above the water table—where
water from surface infiltration could contact these
sediments en route to the groundwater table. In
this situation, surface infiltration must be limited
to prevent adverse impacts to groundwater qual-
ity (box 3-H). While acid-mine drainage has long
been a problem in the Eastern united States, it
is just beginning to be recognized in Western
mines (see box 3-1), where the overburden is
much more likely to be high in carbonate miner-
als (calcite and dolomite) with a high buffering
capacity (see ch. 8).

The principal reclamation technique to control
TDS and other groundwater contamination is spe-
cial handling of the overburden (i. e., selective
placement or mixing). At present, however, re-
searchers are divided in their opinions on the
technique for the burial of overburden in mine
spoils in order to minimize impacts to ground-
water systems.

When wastes (e.g., fly ash or scrubber waste
from powerplants) are buried in the pit, con-
cerns about groundwater quality increase. Solu-
ble metals in the coal can be concentrated in the
ash and, under certain conditions, mobilized by
groundwater. As with other chemically unsuit-
able spoil materials, special handling is required
in burial of utility wastes. A mine in New Mex-
ico buries fly ash, bottom ash, and scrubber
sludge in low permeability mine spoils below the
postmining water table (see box 6-F), while a
mine in northwestern Colorado is required to dis-
pose of utility wastes in dry mine spoils above
the postmining water table (see box 3-J).

At the Wyodak Mine near Gillette, Wyoming,
thin overburden conditions necessitate disposal
of fly ash beneath the postmining water table.

Box 34.-Handling of Acid-Forming Material’

The overburden and coal seam at a Powder
River basin mine have layers of carbonaceous
material containing pyritic and organic sulfur
that can produce acids when oxidized. The reg-
ulatory authority was concerned about incorpo-
rating this material in spoil below the postmining
water table because of the possibility of produc-
ing acidic groundwater. Analysis of the acid-base
potential of the carbonaceous materials (see ch.
8) indicated that the materials would pose no
hazards to groundwater quality. The carbona-
ceous material will be mixed with highly basic
spoils to dilute the acid-producing potential of
the backfill. The top of the regraded backfill must
consist of suitable material, as demonstrated by
sampling and analysis of the top 4 feet, which
can include carbonaceous materials in low con-
centrations.

'See case study mine M in reference 14.

Due to concerns about the permeability of the
spoils, the Wyoming DEQ requires that the ash
material be encapsulated in compacted clay cells
to minimize impacts to groundwater quality.
Chemical analysis of the ash, column-leaching
studies of the ash and ash-overburden mixtures,
and accelerated-aging studies of the compacted
clay liners were required to document that this
disposal method would minimize groundwater
quality degradation (see ch. 6 for further discus-
sion of these analytical techniques).

Alluvial Valley Floors®™

Alluvial valley floors (AVFS), as defined in
SMCRA, are “the unconsolidated stream-laid de-
posits holding streams where water availability
is sufficient for subirrigation or flood irrigation
agricultural activities” (sec. 701 ). in the Western
United States, SMCRA prohibits surface coal mine
operations that would interrupt, discontinue, or
preclude farming on AVFS significant to agricul-
ture, unless the acreage to be disturbed is so small
as to have a negligible impact on farming. The
Act also prohibits mining that would materially

2{nless otherwise noted, the material in this section is adapted
from reference 14.
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damage the quantity or quality of surface or
groundwater systems that supply AVFS significant
to farming. Where mining is allowed, either be-
cause the AVF is not significant to agriculture or
because the area to be disturbed is very small,
SMCRA imposes special reclamation standards to
preserve or restore the essential hydrologic func-
tions of the AVF. A special monitoring system also
is required for all AVFS from the onset of mining
until all bonds have been released. Figure 3-10
presents a stylized diagram of an AVF.

The hydrologic functions unique to AVFS in-
clude the collection, storage, and regulation of
flow that results in water being usefully avail-
able from the stream or alluvial aquifer in quan-
tities sufficient for agricultural purposes. As yet,
no AVFS have been mined and finally reclaimed
under SMCRA. However, several plans for AVF
restoration have been approved by the regula-
tory authorities. These plans focus on channel
and floodplain geometry and erosional stability,
and on alluvial aquifer depth, thickness, and
water storage and transmitting capabilities. Thus
AVF restoration combines some of the more rig-

orous design aspects of surface and groundwater
restoration discussed previously (see box 3-K),

Design of the restored channel and floodplain
is essentially the same as described under “Sur-
face Water,” above, except that the drainage ba-
sin must be of sufficient size to sustain the premin-
ing surface water irrigation capability. This usually
is not a problem, because drainage basins large
enough to contain an AVF in the semiarid West
normally are much larger than a mine area. More-
over, topography adjacent to the AVF typically
is flatter after mining, increasing its value for irri-
gation.

The simplest plan for restoration of an allu-
vial aquifer is to salvage and replace alluvial ma-
terials present in the undisturbed valley. These
materials ordinarily range from very fine-grained
deposits near the surface to coarser-grained sands
and gravels at the base of the deposit. Often there
are fine-grained sequences mixed within other
layers. Due to mixing, salvage and replacement
of these materials may not restore the premin-
ing hydraulic properties of the material. There-



Ch. 3—Western Surface Mining and Reclamation .75

Figure 3-10.—Stylized Diagram of an Alluvial Valley Floor

Agricultural
cropland

Subirrigated
alluvium

SOURCE Dollhopf, Wendy, Goering, and Hedsberg, “Hydrology of a Watershed With Subirrigated Alluvial Materials in Crop Product ion,” Montana Agricultural Experi-
ment Stat lon Bulletin 715, 1979.
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Box 3-K.—Techniques for Restoring the Essential Hydrologic Functions of an AVF

A mine in the Powder River basin has an AVF not significant to farming running through the center
of the permit area. The majority of the AVF acreage lies adjacent to an intermittent stream, and minor
acreages adjoin small ephemeral tributary channels. Subirrigated areas were found to cover about 10 per-
cent of the unconsolidated stream-laid deposits. Artificial flood irrigation currently is not practiced within
the area to be affected by mining, but over 100 acres of land adjacent to the intermittent stream has suit-
able soil quality, water quality and quantity, and topography to be potentially flood-irrigable. The opera-
tor will employ special measures to restore subirrigation along the reclaimed portion of the intermittent
stream. All coarse-textured alluvial deposits found along the intermittent stream will be salvaged and stock-
piled separately, and subsequently replaced in the reconstructed channel so as to facilitate subirrigation
and hydrologic communication between the reconstructed ant undisturbed portions of the stream. Recla-
mation also will attempt to extend subirrigation to an ao&ot-wide reclaimed low flow channel. The AVF
area also received discharge from the premining coal and averburden aquifers, which helped to maintain
the groundwater levels in the valley floor and thereby helped support subirrigation. The operator is plac-
ing a compacted clay soil layer beneath the restored alluvial aquifer in order to isolate the restored alluvial
system hydraulically from the remainder of the spoils, and thus help to shorten the time for subirrigation
to be reestablished. Subirrigation and hydraulic communi cation between the reconstructed and undisturbed
portions of the intermittent stream will be promoted placement of a 10-foot thick layer of coarser-
grained alluvial matefial beneath 2 feet of suit ve 10 feet of suitable overburden, and above
the compacted clay soil layer in the 80-f § active Jow flow channel. Separate over-
burden stockpiles have been established f aterial to ensure that a sufficient amount
will be available for channel'reconstry subirrigation will be demonstrated by the
extent ‘and'varlatlon of plant species, albn ',;”indxcatm of festoratvon of the alluvial
water levels. ,

&e case study mine Jin reference 14.
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fore alternate materials, such as sandy overbur-
den, may be used in AVF reconstruction. Most
AVF restoration plans include a compacted layer
beneath the replaced alluvium to minimize loss
of streamflow into the spoils. In addition, this
layer should help speed up restoration of the es-
sential hydrologic functions of the alluvial system
by making its restoration relatively independent
of that of the adjacent spoils (see box 3-K).

Revegetation"

The goal of revegetation at Western surface
coal mines is to reestablish plant communities
similar to the premining vegetation (as deter-
mined by baseline vegetation maps and quan-
titative data for all land-use categories), except
where the postmining land use is different from
the premining use, or where the premining vege-
tation was of poor quality and thus represents
an unacceptably low standard for revegetation.
The range of natural vegetation within the study
region is broad, with a concomitant variation in
the permitting process and subsequent approaches
to revegetation. The desert grasslands of north-
western New Mexico, for example, present sig-
nificantly different revegetation problems from
the mountain brush in northwestern Colorado,
the mixed prairie in northeastern Wyoming, the
ponderosa pine woodlands of southeastern Mon-
tana, and the woody draws along drainages in
North Dakota. Plant communities along drain-
ages are especially important in much of the re-
gion, because the moister conditions frequently
support greater vegetation densities and diversi-
ties than drier uplands, and may foster plant and
animal species not found elsewhere.

Once the redressed topsoil has been graded
and prepared for revegetation (see discussion of
“Topsoil Handling, ” above), the area is seeded
and planted with species appropriate for the post-
mining land uses—primarily native species for
rangeland and wildlife habitat. The timing of
seeding and planting is determined by site-spe-
cific moisture and climatic conditions, as well as
vegetation types (see below). The seed mixes gen-
erally are chosen by the operator i n consultation

13Unless otherwise indicated, the material in this section is adapted
from reference 13.

with the regulatory authority, and are specified
in the approved permit. The seeds may be ap-
plied through broadcast or drill methods. Shrubs
and trees can be established from nursery stock,
including bare-root and containerized stock; from
planted or in-situ seeds; or from onsite trans-
plants. In some areas, special management prac-
tices may be used to promote revegetation suc-
cess (see discussion below and in ch. 8).

The site-specific factors that affect revegeta-
tion include soil texture, depth, and alkalinity;
site elevation, slope, aspect, and wind exposure;
and precipitation and temperature patterns and
ranges. Plant-available moisture, as determined
by the amount, form, and seasonal distribution
of precipitation, is usually the primary limiting
factor for plant growth and successful revege-
tation. As discussed at the beginning of this chap-
ter, seasonal precipitation varies widely in the
study area, with annual averages at most mine
sites ranging from approximately 7 or 8 inches
to 16 or 18 inches (fig. 3-2). Plant-available mois-
ture usually is at a maximum in late spring to early
summer for most of the study area, but peaks in
mid to late summer in the San Juan River region.

The combined patterns of plant-available
moisture and temperature determine whether
cool season plants, which carry out most of their
growth before or after the heat of summer, or
warm season plants, which start and accomplish
their growth at warmer temperatures, are dom-
inant. In either case, the maximum period of
growth coincides with the maximum precipita-
tion. In general, cool season species are domi-
nant in the central and northern portions of the
study region, and warm season species prevail
in the southern reaches.

Special Management Practices

A variety of special management practices
may be used to promote revegetation success
and meet performance standards. These may
range from relatively common agricultural prac-
tices adapted for mined land reclamation, such
as mulching, irrigation, and fertilization; to direct-
haul topsoiling; to innovative techniques to re-
duce interspecies competition, enhance woody
plant density, improve grassland quality, and pro-
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mote landscape diversity. The use of any of these
practices will depend on site-specific conditions
and the postmining land use, as well as on min-
ing methods.

As discussed above, direct haul topsoil pro-
vides an organically rich and biologically active
medium for revegetation, which dramatically
improves the establishment of planted and vol-
unteer species. As a result, superior lifeform (i.e.,
shrubs, forbs, grasses) and species diversity can
be obtained within a relatively short time. In areas
with deep soils of suitable chemical and physi-
cal parameters, the benefits of direct haul top-
soil may be enhanced with the use of two lifts
(see ch. 8).

Mulch conserves soil moisture and aids ero-
sion control, and has long been an integral part
of surface mine revegetation. Historically, the
most common mulching materials have been
straw or hay. Although these materials are effec-
tive in erosion control, they often are difficult to
anchor i n windy areas, and the usual anchoring
technique of crimping the straw into the soil may
cause more soil moisture to be lost through wick-
ing than it conserves. Considerable nitrogen also
is tied up i n the decomposition of the mulch. Fur-
thermore, straw or hay mulches tend to include
seeds of undesirable species, and the resulting
weed infestations can cause serious competition

Photo credit: Office of Surface Mining

Straw or hay mulch can conserve soil moisture and aid
in erosion control until revegetation is established.
Here, grass may be seen coming up through the mulch.

with the planted species. Those native hay mulches
that have proven to be relatively weed-free can
include desirable native seeds that otherwise may
be hard to obtain. Reliable sources of native hay
are scarce at many mines, however.

Alternative approaches include the use of
mulch created onsite and “stubble” mulch.
Mulch derived from shredded native vegetation
(“live mulch”) has shown good results in promot-
ing woody plant density and diversity at one mine
in northwestern Colorado, where the climatic and
other conditions for revegetation are the most
favorable in the study region (see box 3-L). This
promising technique is now being tried in the
more arid conditions of northwestern New
Mexico.

For stubble mulch, a cover of small grain (e.g.,
wheat, barley, millet) is drill-seeded in the spring
to retard wind and water erosion. The following

Box 3-L.—Creating Mulch
From Native Vegetation

A mine in northwestern Colorado “creates”
mulch before topsoil removal by treating woody
areas with a tractor-mounted shredder that
leaves a residue of finely chopped woody bio-
mass on the soil surface. The shredder can oper-
ate in the aspen woodlands, producing as much
as 77 tons of mulch per acre. This technique al-
lows complete topsoil salvage in areas where
woody plants formerly were uprooted and re-
moved by bulldozers. The uprooted plants had
substantial amounts of the uppermost (and most
valuable) soil layers left attached to the root sys-
tem. This rich soil and accompanying root ma-
terial were lost as the plants were hauled away
for disposal. Areas treated by this mulching tech-
nique have shown substantial woody-plant re-
generation by root sprouting, resulting in far bet-
ter densities than previously achieved through
seeding and planting. Moreover, after topsoil
removal and replacement on the reclaimed sur-
face, sufficient organic debris remains on the sur-
face to function as a mulch, and the regulatory
authority has approved this innovative “live”
mulching in lieu of other traditional mulching
methods at this mine (see also box 8-B).

See case study mine CO-1 in reference 13.
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fall, the grain “nurse” crop, which may be
mowed to prevent seed production, is present
as standing dead straw, and the perennial seed
mix is interseeded between the rows of remain-
ing stubble. During the winter, the stubble en-
hances snow retention, and as a result, the peren-
nial seed mix germinates and grows in a more
favorable environment than if the stubble were
not there. On at least one mine, grain crops have
been grown for several years, and the stubble
disked into the soil in hopes of enhancing
organic-matter content prior to seeding the
perennial mix.

Early concern about revegetation success in
areas with less than 10 inches of annual precip-
itation led to the imposition of irrigation require
ments in a number of mine permits. Irrigation
can ensure consistent and predictable plant estab-
lishment, especially in the Southwest where pre-
cipitation is less effective in promoting plant
growth because it occurs later in the year and
under warmer conditions, resulting in more pre-
cipitation loss by evaporation. However, vege-
tation growth developed under irrigation nor-
mally experiences a substantial dieback when the
irrigation is withdrawn. Moreover, in such low-
precipitation areas, irrigation water of acceptable
quality is likely to be difficult to obtain (see box
3-M).

Vegetation developing slowly under dryland
conditions may reach the same level of cover
and production in the long run as irrigated
areas. A mine in northwestern New Mexico that
receives as little as 6 to 8 inches average annual
precipitation uses irrigation for 2 years after seed-
ing as part of its standard reclamation practice.
On part of another mine in the same area owned
by the same company, an experimental area
without irrigation has been initiated and will be
monitored to determine the relative success of
revegetation with and without irrigation.

Fertization of revegetated areas has dimin-
ished steadily because pasture species depen-
dent on high fertilizer rates have been removed
from seed mixes, and because experience has
indicated that nitrogen fertilizers encourage vig-
orous growth of weeds and the more aggressive
native grasses, to the detriment of less aggres-

sive natives, including woody plants. At most
sites, performance standards can be met through
other management practices, and the enhanced
short-term production and cover resulting from
fertilization are not needed for long-term revege-
tation success.

A number of steps maybe taken to reduce in-
terspecies competition between aggressive cool
season grasses and the various shrubs, forbs,
and warm season grasses that frequently are
unable to survive beyond germination. Two
commonly used planting remedies are to reduce
the relative proportion of cool season grasses in
the seed mix in order to offset their competitive
advantage, and to use two-staged or two-phased
planting for temporal separation in the establish-
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ment of aggressive and less aggressive species.
Two-staged or two-phased planting was first prac-
ticed at a mine in southeastern Montana, where
warm season grasses plus forbs and shrubs are
planted in prepared topsoil, and then given one
to three growing seasons to become established
before interseeding with cool season grass spe-
cies. Alternatively, sequential drill-seedings at an
angle to one another provide a slight—but appar-
ently effective-spatial separation of aggressive
and less aggressive species. Another successful
approach is to plant both cool and warm season
species during the warm season to reduce the
competitive advantage of cool season grasses,
and then use supplemental irrigation to maximize
the growth of warm season species. Also, lower
total planting rates associated with direct haul
topsoiling typically have improved the establish-
ment of less aggressive species.

Revegetation of woody plants in sufficient
density and diversity to meet performance stand-
ards is a continuing concern in the West, espe-
cially in areas where woody plants are impor-
tant winter browse for big game. Loss of newly
established shrubs to wildlife is a continuing prob-
lem, However, monitoring and other revegeta-
tion data at a number of mines in Wyoming sug-
gest that shrub densities of one stem per square
meter over 10 percent of the area (the proposed
standard in Wyoming) can be realized in the early
years of reclamation using direct seeding com-
bined with one of the methods for reducing com-
petition discussed above. In general, the great-
est success has been achieved with four-wing
saltbush. Other shrubs valuable as browse have
had variable success, and big sagebrush has
proven especially difficult to establish at many
sites (see ch. 8). Planting of nursery stock and on-
site transplants of mature shrubs may be too ex-
pensive and results too poor at some mines for
large-scale use of these techniques, unless sup-
plemented with direct haul topsoiling, which can
provide a valuable source of seeds or rootstock
(“propagul es”) for shrub volunteers. In addition,
as noted above, mulch created from shredded
native woody vegetation has shown promise as
a propagule source in northwestern Colorado, al-
though its effectiveness in other parts of the study
regions has yet to be demonstrated. Several mines

in northwestern Colorado also are transplanting
shrub and tree pads directly with a front-end
loader, which may provide volunteer growth later
in the liability period.

Several special management techniques are
being used on upland grasslands in the North-
ern Great Plains to improve lifeform and spe-
cies diversity, seasonality (particularly warm
season grass establishment), and vigor. In the
Northern Plains, grasslands comprised of highly
productive species may become stagnant and less
productive if excess litter (decayed organic mat-
ter) accumulates, because litter ties up nutrients
and can promote disease. Grazing is one tech-
nique for breaking up the litter and incorporat-
ing seeds and organic matter into the soil. Burning
also can increase nutrient availability temporar-
ily and hasten breakdown of the litter. Grazing,
burning, haying, and application of herbicides
may improve diversity (including seasonality)
when the timing and intensity of these practices
decrease the advantage of cool season grasses
and “weeds. ”

wildlife™

Technigues or practices to alleviate surface
coal mining impacts to wildlife include miti-
gation techniques during mining as well as hab-
itat restoration postmining. A mine operator will
select a set of techniques in consultation with
the regulatory authority and relevant wildlife
agencies (e. g., U.S. Fish and Wildlife Service—
FWS, State Fish and Game agencies), given the
baseline data on species occurrence, distribu-
tion, and abundance, habitat preference, and
reproductive success, and on habitat or habi-
tat features considered limiting or critical to the
survival or maintenance of a particular species
population (see ch. 5). Important terrestrial habi-
tats in the study region include raptor nest sites,
critical big game winter range, sharp-tailed and
sage grouse breeding grounds, bald eagle win-
ter concentration areas, and sand hill-crane nest-
ing habitat, as well as habitat for threatened and
endangered species. Aquatic habitat potentially

"1Unless otherwise noted, the material in this section is adapted
from reference 1.
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Table 3.3.—Selected Mitigation Techniques Listed by General Category®

Avoidance Operational

Habitat replacement/enhancement

Offsite enhancement

—Preserve vegetation patches’

—Preserve important habitat’

—Buffer zones

—Temporal avoidance during
critical periods or times

—Visual barriers

—Protect migration corridors

—Stagger operations to avoid
disturbing large tracts of
habitat concurrently

—Restrict speed limits on access
and haul roads

—Compatible location of roads

—-Underpasses/overpasses for
roads and conveyors

—Raptor-safe powerlines

—Compatible fence design or
lay-down fence for big game

—Employee wildlife awareness
programs

—Hunting and fishing allowed/
not allowed

—Prohibit firearms in vehicle

—Monitoring

—Topographic manipulation
. undulating surface
. surface depressions
. drainage reconstruction
. microtopographic features

—Establish/enhance impoundments

—Rock piles/boulders

—Transplant shrubs/trees

—Establish shrub patches

—Establish interspersion/edge con-
cept with vegetation reestab-
lishment

—Establish shelterbelts/riparian
vegetation

-Direct application of topsoil

—Attain shrub density standards

—Brush piles*

—Implant dead trees for snag$

—Stream habitat reconstruction

—Improve land management
practices

—Nesting structures

—Leave/modify highwall$

—Relocate raptor nests’

—Relocate sage grouse strutting
grounds

—Special studies/research

—Perch sites’

—Gallinaceous guzzlers®

—-Vegetation species selection

—Controlled burning

—Fertilizing*

—Seeding

—Shrub thinning or crushing

—Elimination or reduction in
livestock grazing

—Impoundments

—Strutting ground relocation

—Relocate raptor nest$

aFor detailed descriptions and discussions of these techniques, please refer to the list of selected references in reference 1.
bLegaI, technological, and/or economic constraints limit the extent to which these practices may be employed.

CTemporary techniques that require maintenance beyond installation.

SOURCE: Cedar Creek Associates, “Wildlife Technologies for Western Surface Coal Mining,” contractor report to OTA, August 1985,

affected by surface coal mining consists mostly
of small wetlands, stockponds, perennial streams,
and ephemeral drainages.

Under SMCRA, operators must, to the extent
possible using the best technology currently avail-
able,*minimize adverse wild life and habitat im-
pacts. The Federal regulations add provisions re-
lated to endangered species, bald and golden
eagles, wetlands and habitats of unusually high
value, and specify design standards for features
such as powerlines, haul roads, and fences.

Mitigation Techniques

There are four general categories of tech-
niques for mitigating wildlife impacts from

‘Sin this context, “best technology currently available” is defined
in the Federal regulations as “equipment, devices, systems, meth-
ods, or techniques which will minimize, to the extent possible, dis-
turbances [of] and adverse impacts on fish, wildlife, and related
environmental values, and achieve enhancement of those resources
where practicable. ”

surface coal mining: habitat replacement/en-
hancement, avoidance techniques, operational
techniques, and off site enhancement. Table 3-
3 summarizes he measures more commonly em-
ployed at Western surface coal mines for each
of these categories.

Habitat replacement and enhancement dur-
ing reclamation comprise the greatest number
of wildlife mitigation measures. All mining op-
erations give some consideration to wildlife in
planning revegetation and other reclamation
activities. Where wildlife habitat is the primary
postmining land use, or where sensitive or pro-
tected species will be disturbed, wildlife habitat
replacement or enhancement may be complex
and extensive (see box 3-N). For those portions
of the mine site where the primary postmining
land use is wildlife habitat, SMCRA requires that
plant species for revegetation be selected based
on their proven nutritional value, their use as
cover, and their ability to support and enhance
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Box 3-N.—Habitat Replacement and Enhancement Techniques

The premining surface at a minein northeastern New Mexico was managed specifically for big game,
primarily elk and mule deer. The primary postmining land use will be wildlife habitat, as specified by the
surface owner, who maintains a strong economic interest in resident big game herds. Other big game ani-
mals present include black bear and mountain lion. Several years ago, the operator entered into a cooper-
ative agreement with the surface owner for extensive monitoring of the big game herds, in order to deter-
mine the effects of mining on game populations, and to design appropriate mitigation efforts. Subsequently,
this monitoring has been expanded to include nongame animals and fish in order to obtain an overall
picture of the wildlife ecology of the area. The operator has collected extensive telemetry and mapping
information from radio-collared big game animals, and has analyzed the quality of nearby habitats, pres-
ence or absence of suitable habitat for given species, animal distance from the operation, and wildlife's
ability to adapt to mining. To date, these efforts indicate use by mule deer and elk of reclaimed areas
adjacent to the active mining operation. Wildlife mitigationmeasures implemented at the mine comprise
specifically designed techniques and alternate reclamation practices to improve habitat components ben-
eficial to wildlife. The site-specific designs include: 1) construction of rock piles placed randomly within
reclaimed areas as shelter and escape cover for small animals and as perch sites for birds and raptors;
2) formation of brush piles to provide habitat analogous to rock piles; 3) fencing of the permit area to
exclude livestock that could compete for forage, trample riparian vegetation, and compact streamside soils;
4) replacement of tree-cavity nesting habitat (nest boxes) for kestrels; 5) fertilization of offsite habitats to
improve forage production for big game; 6) education of mine personnel about the effect of wildlife harass-
ment; and 7) introduction of stocked fish in mine-area ponds asa “barometer” of water quality and to
provide prey for fish-eating predators. Alternate reclamation practices involve: 1) leaving a short stable
highwall that resembles natural rock outcrops and bluffs and adds topographic diversity, 2) redistribution
of soils to place thinrocky soils on slopes and thicker soils on ridgetops and valley bottoms to encourage
plant diversity, 3) targeting earlier successional plant communities in the seed mix to promote habitat diversity
and forage production, and 4) reestablishment of shrubs and trees in configurations beneficial to wildlife,
such as travel lanes and mixing of types for edge effects.

'See case study mineG in reference 1.

habitat. In addition, the selected plants must be
grouped and distributed in a manner that op-
timizes edge effect, cover, and other benefits to
wild life.

Operators also must avoid disturbing, enhance
where practicable, restore, or replace wetlands
and vegetation along rivers, streams, and ponds,
as well as other habitats of unusually high value
for fish and wildlife (e.g., cliffs supporting raptor
nests, wintering and nursery areas, breeding
areas, etc.). At some mines, this may involve
manipulating the postmining topography to ob-
tain landscape diversity (see ch. 8), or recreat-
ing special wildlife habitat areas such as sage
grouse strutting grounds (see box 3-Q, below),
woody draws (box 3-O), and wetlands (box 3-G).
For other land uses, however, mitigation efforts
often are limited to measures such as planting
groups of trees or shrubs to break up blocks of

land and to diversify habitat types for birds and
other animals. Rockpiles and other surface fea-
tures beneficial to wildlife often are replaced post-
m ining.

Avoidance techniques range from disallowing
mining to preserving small patches of important
habitat, to maintaining or establishing visual
barriers or buffer zones between mining oper-
ations and sensitive wildlife habitat. Avoidance
measures also can be temporal—for example,
prohibiting blasting or mining near breeding areas
during the breeding season. In areas where hab-
itat removal is imminent, temporal avoidance
only postpones removal during important wild-
life seasonal activities, and therefore the bene-
fits usually are short-term unless the habitat is re-
stored following mining. Avoidance requirements
may be imposed prior to leasing as a result of ap-
plication of the unsuitability criteria (see ch. 4),
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or during permitting based on the wildlife impact
assessments included in the permit application
package.

Avoidance of important habitats or patches
of vegetation can be important for maintaining
natural sources of wildlife and vegetation for
reinvasion into reclaimed areas. However, the
importance of these areas as wildlife habitat dur-
ing mining may be limited if the areas are small
or isolated by large tracts of disturbed land. More-
over, operational, cost, and full coal recovery
considerations often limit an operator’s ability to
avoid important habitats.

As experience is gained with wildlife responses
to mining in the West, less emphasis has been
placed on avoidance measures. For example,
during the late 1970s and early 1980s, wildlife bi-
ologists believed that all eagles were extremely
sensitive to human activity, especially during
breeding or fledging seasons. As a result, it was
standard practice for coal leasing and permitting
agencies to require an undisturbed buffer zone
around active eagle nests. Recent research has
shown, however, that some eagles may be much
more tolerant of nearby disturbances from min-
ing than expected, and that in some cases nests
can be moved without adverse impacts on the
eagle population (see box 3-P; see also ch. 9, box
9-A).

Operational mitigation techniques may in-
volve the education or regulation of mine per-
sonnel, as well as modifications in mine opera-
tions or mine plan structures designed to reduce
the potential for adverse impacts. Specific tech-
nigues include lowering speed limits on access
and haul roads to reduce the potential for road-
kills, designing and locating roads and other struc-
tures so as not to interfere with wildlife move-
ment, conducting employee wildlife awareness
programs, or making powerlines raptor-safe (see
fig. 3-1 1).

Offsite enhancement measures usually focus
on modifying habitats to increase their value to
targeted species, or constructing new habitats
offsite to replace those to be disturbed by min-
ing (see box 3-Q), and are used to mitigate pro-
jected wildlife impacts resulting from disturbance
or removal of mine-area habitats. Providing
alternate raptor nest sites (e.g., rockpiles), im-
proving surface-water resources, eliminating live-
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stock grazing, and thinning of overly dense shrub
stands are examples of offsite enhancement tech-
niques. In other instances, these practices may
be undertaken to protect newly established vege-
tation from wildlife. Surface ownership of, and

land use practices on, adjacent areas are the pri-
mary factors (other than cost) determining the ex-
tent to which offsite enhancement measures are
implemented.

Box 3-P.-Relocating Golden Eagle Nests®

Wildlife studies at a mine in southern Wyoming documented at least four active golden eagle nests
in mine highwalls scheduled to be reclaimed. Nearby mining and reclamation activities apparently had
no adverse effects on the eagle pairs, and all four nests successfully fledged young. In 1982, the operator,
FWS, the Wyoming Department of Game and Fish, and the Wyoming regulatory authority initiated a co-
operative effort to formulate the best technique for reiocating two of the highwall-nesting golden eagle
pairs. Artificial nesting platforms were built near the active nests, and fledglings were moved from the nests
to the platforms to lure the adults to the new nest sites, As additional active eagle nests were established
on highwalls in subsequent years, nest relocations have been attempted by moving young to nearby natu-
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monitoring program was instituted to evaluate continded nesting on the platforms.

'See case study mine D in reference 1.

Box 3-Q.-Creationreation of a Sage Grouse Struttlng Ground'

At a mine in southeastern Montana, the path of ﬁ«t{‘ fé mining was expected to disturb a known sage
grouse strutting ground (lek). Baseline studies were per analyze the sage-grouse habitats and
fidelity to the breeding ground. A new sage grouse stryttii ound was created offsite by clearing an area
on relatively high ground that was surrounded by suitable sage grouse habitat—primarily sagebrush 5 to
30 inches high with an average cover of 14 to 25 percent, intermixed with forbs. Decoys and tapes of

male sage grouse ‘‘booming’’ were used to induce birds to use the relocated strutting ground. Experimental
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decreases of breeding activity at the old lek correlate highly with increases at the new offsite area.

'See case study mine C in reference 1.
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Figure 3-i.—Designs for Raptor-Safe Powerlines
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Vertical separation of the center and two outside conductors
by raptors as an alternative to pole reconstruction

precludes the electrocution hazard on one type of pole

“T" perch
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Minimum 24"
above conductor

Typical perch applications 30cm
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above conductor wetitor)
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carriage bolt and washer  —
(anti-split bolt) ti-split bolt
Perch assembly details (anti-sp !

Artificial perches mounted above existing poles as an alternative to Pole modification (suitable primarily for tree-
less areas) and perch assembly details.
SOURCE: U.S. Department of the Interior, Fish and Wildlife Service, Practices for Protectingand Enhancing Fish and Wildlite on Coal Surface-Mined Land.
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Thinning dense shrub stands on an undisturbed portion of the mine site during the winter stimulates new spring growth
attractive to browsers such as elk, thus reducing wildlife use of revegetated areas.
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Chapter 4

Western Surface Mine Regulation

INTRODUCTION

Western surface coal mining is a highly regu-
lated activity, especially when the surface or coal
is federally owned. From a company’s explora-
tion for coal reserves, through securing the rights
to develop those reserves, to mining and recla-
mation, the company must obtain a wide vari-
ety of permits and must ensure that its activities
comply with the conditions of those permits as
well as with a host of other Federal, State, and
local laws and regulations. Moreover, many of
the Federal laws governing coal development
provide for State permitting programs consistent
with the Federal program, resulting in permit ap-
plication review at both the Federal and State
level, The scope of Federal agency involvement
in this process is much broader in the Western
United States than in other parts of the country
because of the Federal Government’s extensive
ownership of both surface and mineral resources.

At each step in Western coal development and
its regulation, existing data are analyzed in in-
creasing detail and supplemented by more di-
rected data-gathering efforts. This is possible be-
cause the amount of land being evaluated at each
successive stage in the process becomes progres-
sively smaller as the land moves closer to leas-
ing and development. Prior to development, the

ultimate level of detail in data collection and anal-
ysis is in support of a mining and reclamation plan
and permit application under the Surface Min-
ing Control and Reclamation Act of 1977 (SMCRA).
After development, emphasis shifts to the gather-
ing and analysis of monitoring data to ensure
compliance with the plan and permit, and to
demonstrate reclamation success.

This chapter describes the Federal and State
regulatory process for Western coal develop-
ment, from leasing through reclamation and bond
release (see table 4-1). in describing that proc-
ess, the chapter focuses on data and analysis re-
quirements as an introduction to chapters 5 and
6, and on performance and design standards as
an introduction to chapters 7 and 8. While the
greatest emphasis is placed on the coal leasing
program and on the provisions of SMCRA, other
related programs are described, including the Na-
tional Environmental Policy Act (N EPA), and the
Clean Air and Water Acts. A wide range of other
Federal laws that could affect surface coal min-
ing and reclamation in the West are listed at the
end of the section on permitting and regulation;
State laws are summarized in tables 4-3 through
4-7 at the end of the chapter.

THE COAL LEASING PROGRAM

Because the Federal Government owns 50 to
60 percent of the coal reserves in the six major
Federal coal States, much Western coal must be
leased from the Bureau of Land Management
(BLM; or, in a few cases, the U.S. Forest Service)
before it can be mined. Of the 76 active surface
coal mines in the five State study region in 1983,
52 (roughly 70 percent) incorporated Federal
coal. Under the Federal Coal Leasing Amend-
ments Act of 1976 (FCLAA), BLM holds competi-

''U n less otherwise noted, the text i n this section is adapted from
reference 3.

tive lease sales for new production tracts on a
schedule and in amounts determined by the mar-
ket demand for coal. Companies also may re-
quest lease sales to be scheduled for bypass tracts
(a lease needed to prevent leaving “islands” of
unmined coal) and maintenance tracts (needed
to continue operations at an existing mine).

A company begins planning for coal leasing
long before the sale actually is held by gathering
data about the coal and other resources in a par-
ticular area under an exploration permit. Coal re-
source data gathered u rider such a permit is pro-

89
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Table 4-1 .—Planning and Regulation of Western Federal Coal Development

Bureau of Land Management® OSM/Regulatory authority

Coal company

Leasing:

Permit and supervise coal exploration
on Federal lands

Evaluate coal resources

Planning for management of ail
resources based on inhouse and
published data

Apply unsuitability criteria

Planning for coal lease sale based on
above plus some field data

Prepare regional lease sale EIS

Prepare lease stipulations

Determine lease bond

Hold lease sale

Permitting:

Delineation of permit area
Responsible for all nonlessee activity
on leased land prior to onset of

mining

Approve designation of postmining
land use in permit application
package

Review permit application package
for efficient extraction of the
mineral resource, consistency with
the resource area management
plan, and compliance with lease
stipulations

Concur in approval of permit applica-
tion and issuance of permit

Delineation of permit area

Review permit application package
and make recommendations on
mining and reclamation plan

Prepare EA and/or EIS for permit

Determine performance bond

Prepare permit stipulations

Issue permit

Mining:
Oversee production of the coal Conduct inspections of the mine site
resource to ensure compliance with the

Oversee uses of Federal surface out-
side the permit area including
rights-of-way and activities ancillary
to mining

permit

Review monitoring data submitted in
accordance with the permit to en-
sure compliance

Act to correct violations, if necessary

Enforce and collect penalties for vio-
lations, if necessary

Review and approve applications for
permit modifications

Review and approve applications for
permit renewals

Evaluation of reclamation success:

Inspect for compliance with any spe-
cial requirements for protection of
surface resources and postmining
land use

Concur in reclamation bond release

Release lease bond

Develop criteria for evaluating suc-
cess of reclamation (if not speci-
fied in the permit) for all three
phases of bond release

Review applications for bond release
and conduct onsite inspections
and evaluations

Release reclamation bond

Collect and analyze coal resource data

Prepare formal expressions of interest
for specific lease tracts

Prepare bids for lease tracts

Compile existing data on all mineral
and ecological resources on mine
site from inhouse, BLM, USGS, SCS,
FWS, etc. sources

Formulate first approximation of min-
ing and reclamation plan

Complete baseline data collection on
all aspects of mine site

Analyze data to predict impacts of min-
ing and demonstrate success of pro-
posed reclamation

Prepare permit application package

Collect and analyze additional data and
revise permit application package, if
necessary

Collect high-intensity geologic and
hydrologic data as pit moves across
mine site

Collect monitoring data on hydrologic
and wildlife impacts as mining
proceeds

Continually refine mining and reclama-
tion plan based on new data col-
lected

Prepare applications for modifications
to permit, if necessary

Prepare application package for permit
renewal every 5 years, if not initially
issued for life-of-mine

Reclaim mined areas as contemporane-
ously as possible with mining

Monitor revegetation and hydrologic
restoration

After backfiling and grading, prepare
application for Phase | bond release
(Up to 60%)

After surface stabilization and initial
revegetation, prepare application for
Phase Il bond release (15 to 25°/0)

Ten years after last seeding, fertilizing,
irrigating, or other work, prepare ap-
plication for final bond release

80r other surface management agency (e.g., US. Forest Service).
SOURCE: Office of Technology Assessment.
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prietary, but must be made available to BLM on
a confidential basis in support of an expression
of interest in a particular lease tract (see below)
to assist BLM in identifying areas with high coal
development potential that should be considered
for coal leasing. Data on noncoal resources may
be gathered during exploration to enable the
company to estimate the potential costs of de-
velopment and exploration; such data also are
proprietary but do not have to be shared with
DOI preleasing. BLM and the companies also
may use coal resource data collected by Federal
agencies in earlier minerals surveys (e.g, by the
U.S. Geological Survey or the Bureau of Mines).

Most of the required preleasing data collection
and analysis is carried out by BLM field person-
nel consistent with section 3(a) of FCLAA, which
requires that lands considered for leasing shall
have been included in a comprehensive land use
plan and that lease sales be compatible with that
plan. The comprehensive land use planning pro-
cedures developed by the Department of the In-
terior (DOI) to implement section 3(a) of FCLAA
are based on the mandates in the Federal Land
Policy and Management Act of 1976 (FLPMA).

FLPMA requires a multidisciplinary and com-
prehensive Federal land use planning process that
maintains an up-to-date inventory of public land
resources, giving priority to the designation and
protection of areas of critical environmental con-
cern (ACECS); projects all potential future uses
of public lands and resources (not just coal de-
velopment); and identifies opportunities for the
development or conservation of particular re-
sources, considering the relative scarcity of the
resource values involved and the availability of
alternative means for realizing those values. This
land use planning is to be guided by the princi-
ples of multiple use of lands and resources, sus-
tained yield of renewable resources, and conser-
vation of depletable resources. The land use plan
must protect the quality of scenic, historical, envi-
ronmental, air and water, and archeological val-
ues, including ACECS; preserve certain lands in
their natural conditions; provide food and habi-
tat for fish and wildlife and domestic animals; and
provide for outdoor recreation and human occu-
pancy and use (1 8). Planning activities must be
coordinated with those of other Federal, State,

and local agencies; and must afford the public
adequate opportunity to comment on the man-
agement of public lands.

Based on these general planning mandates,
DOI structured the Federal coal leasing program
around an initial comprehensive land use plan-
ning process which applies to all Federal lands
and all resources on those lands, followed by
“activity” planning for the development of spe-
cific resources or uses, such as coal leasing (see
fig. 4-1). As noted above, a decision to offer a tract
for lease is made in the context of a “tiered” sys-
tem of planning and analysis, in which the level
of analytical detail increases over time, while the
size of the area being evaluated decreases. Thus,
early in the process when few data are available,
large land areas are classified according to their
relative value for development of all possible re-
sources. Lands that are identified as potentially
suitable for coal leasing at this stage are then sub-
jected to increasingly detailed analyses as the
lands move closer to actual coal development,
with the most comprehensive analyses occurring
after leasing with the development of a mining
and reclamation plan and permit application un-
der SMCRA.

Land Use Planning

The principal objective of the land use plan-
ning process is to establish a multiple resource
use management strategy for each of the “plan-
ning units” set up by BLM for the admi nitration
of public lands.’This is accomplished through
identification of all potential land uses and or op-
portunities for the development of particular re-
sources based on their relative values. Coal de-
velopment is one possible land use, and, during
land use planning, four screens are used to iden-
tify the acceptability of public lands for further
consideration for leasing. The screens focus on
coal development potential, the environmental
acceptability of lands for mining, multiple use
management, and surface owner preferences

2)¢ sho,ld be noted that many of the land use planning require-
ments described below also apply to other agencies that manage
Federal lands overlying coal deposits (e.g., the U.S. Forest Serv-
ice). The land use planning schedules and priorities within these
agencies need to be coordinated closely with BLM’s planning for
lease sales.
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about mining (where the Federal Government
does not own the surface) (see box 4-A). Based
on the results of the application of these screens,
lands determined to be acceptable for further
consideration for coal development are carried
forward into activity planning for leasing.

For past lease sales, BLM applied these screens
based on data available in-house as well as the
published literature. This included earlier BLM
land use planning documents, any environmental
impact statements (EISS) prepared for earlier
projects in the planning area, and the data from
previous coal lease sales. These documents were
updated through techniques such as areal map-
ping or limited field surveys. Under FLPMA, how-
ever, land use planning also must include a full
EIS on resource management alternatives, and fu-
ture planning efforts probably will involve addi-
tional field surveys to accumulate data at a suffi-
cient level of detall to satisfy the requirements of
NE PA.

Activity Planning and Lease Sales

After general resource planning for a manage-
ment area is complete, subsequent planning fo-
cuses on a specific activity—in this case, coal leas-
ing. Like land use planning, activity planning is
predicated on a tiered system of increasingly
detailed reviews of smaller and smaller areas until
specific lease tracts are delineated. Activity plan-
ning culminates in a Secretarial decision on the
tracts and tonnages to be offered for lease and
the schedule for lease sales in that region.

Information from land use planning about areas’
acceptability for mining, plus coal resource data
from formal industry expressions of interest in
particular areas, are used to develop initial draft
leasing levels and to delineate tracts. After tract
delineation, BLM field staff conduct a site-specific
analysis (SSA) of the full range of environmental,
social, economic, and other resource values on
each tract. The SSAS provide the basis for detailed
tract profiles, which are used to select combina-
tions of tracts for analysis in the EIS for the lease
sale (see below).

The SSA generates the greatest level of detail
of information about a tract available to BLM be-
fore a lease sale. According to the programmatic
EIS for leasing,

... the information . . . must be sufficiently
detailed so that the Department would be rea-
sonably certain that the lease would be eco-
nomically and environmentally acceptable, but
in less detail than would be required of a lessee
at the time a mining plan would be approved (5s).

Following preparation of the tract profiles, the Re-
gional Coal Team (RCT)’ranks tracts according
to their acceptability for leasing after consider-
ing factors such as coal economics, impacts on
the natural environment, and socioeconomic im-
pacts (1 5). Tract rankings and SSAS do not nec-
essarily affect tract delineation, although tract
boundaries can be adjusted as the results of SSAS
or tract rankings, or tracts may be dropped al-
together at this stage.

The RCT uses these rankings to select combi-
nations of tracts that meet the regional and alter-
native leasing levels. These must include a “pre-
ferred alternative” that optimizes the economic
and resource benefits of leasing and minimizes
the social and environmental costs. The environ-
mental impacts of the leasing alternatives are then
assessed in detail in an EIS for the lease sale. As
a part of the tiered system, the data and analy-
ses for the EIS expand on the information in the
SSAS and tract profiles, but focus on particular
combinations of tracts. Lease stipulations may be
proposed in the EIS to protect environmentally
sensitive areas (see box 4-B).

Following publication of the final EIS, written
surface owner consent is confrmed, and the Sec-
retary consults with the affected State Governors
and the surface management agency prior to ap-
proving a combination of tracts and tonnages to
meet a regional leasing level and establishing final
dates for maintenance, bypass, and new produc-
tion tract lease sales, Then DOI issues a notice
of lease sale, performs the economic evaluation,
and holds the sale.

*The Regional Coal Team is a DOI/State organization made up
of a representative of the Governor from each State in the region
and the BLM State Director from each State involved. Each RCT
is chaired by the BLM State Director from the State with the great-
est direct concern.
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industrial development, 4) mineral production, 5) human occupancy, 6) outdoor recreation, 7) timber pro-
duction, 8) watershed protection, 9) wilderness premrvagoniﬁ and 10) preservation of public (unique or
scarce) values (10). In general, a multiple-use trade-off is appropriate when one land use (e.g., mining)
would absolutely preclude other valuable resource uses which are not covered by the 20 unsuitability
criteria (13).

The surface owner preference screen reqm res that
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the initial consultation with BLM. If underground mlmng) ‘ tgchmcally or economically infeasible, the land
could still be considered for leasing, but it must be assig low priority compared with lands without
surface owner conflicts (14). Final surface owner consents‘tq leasing are not obtained until the end of
activity planning.

1] resources underlymg privately owned surface

SURFACE MINE PERMITTING AND REGULATION

Once a company has leased or purchased coal
resources, it must prepare a comprehensive plan
for the development and reclamation of the coal
and obtain a variety of permits under Federal and
State laws. The most extensive Federal regulations
related to surface mining arise under the Surface
Mining Control and Reclamation Act of 1977
(SMCRA), which establishes performance stand-
ards for mining and reclamation and requires
mine operators to obtain a permit to ensure that
those standards will be met. Other significant per-
mitting and regulatory requirements arise under
the Clean Air and Water Acts, and the National
Environmental Policy Act. A listing of other Fed-
eral laws potentially affecting western coal de-
velopment may be found at the end of this sec-
tion. Tables 4-3 through 4-7 at the end of the
chapter list the State laws affecting surface mining.

SMCRA is implemented by the Office of Surface
Mining (OSM), within the Department of the in-
terior, and by State agencies under approved reg-
ulatory programs consistent with SMCRA. Most
Federal environmental legislation is implemented
by the Environmental Protection Agency (EPA),
with permitting and enforcement also delegated
to States with approved programs. While the dis-
cussion in this section will emphasize the Fed-
eral regulatory programs, it should be kept in
mind that in all of the Western States studied, the
State regulatory authorities have the primary re-
sponsibility for surface mining permitting and en-
forcement, with OSM (and EPA) providing over-
sight and technical assistance.

Surface Mining Control
and Reclamation Act

In regulating surface mining, the purposes of
SMCRA are to:

+ establish a nationwide program to deal with
adverse impacts of surface mining;

+ assure that the rights of surface landowners
are fully protected from surface mining oper-
ations;

+ assure that surface mining does not occur
where reclamation is not technologically and
economically feasible;
assure that surface mining is conducted so
as to protect the environment;

+ assure that reclamation occurs as contem-
poraneously as possible with mining;

* assure vital coal supply is provided and strike
a balance between environmental protection
and agricultural productivity on one hand,
and coal supply on the other;

+ assist the States in developing and imple-
menting a program to achieve the purposes
of SMCRA,

+ assure appropriate procedures for public par-
ticipation in development, revisions, and en-
forcement of regulations, standards, recla-
mation plans, or programs established by the
Secretary or any State under SMCRA,; and

+ provide for research and development, train-
ing of mining specialists, and State research
centers (1 6).
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to satisfy stipulations. This is particularly true of the stipulations in older leases but also, to some extent,

of the “boilerplate” stipulationssuch as the standard cultural and paleontoiogical stipulations. Moreover,
due to the high turnover in BLM field staff, the personnel reviewing a permit application usually are not
the same as those who performed the preleasing analysis and developed the stipulations, and may have
little or no prior experience with permit application review to guide them.

Based on OTA'S analysis of this process, it is clear that BLM's primary concern during the permit re-
view is whether the mine plan will ensure full and efficient recovery of the Federal coal resources. In most
instances, permit review is overseen by the Solid Minerals Branch and review of environmental considera-
tions is secondary. Even within the environmental review, however, OTA found that lease stipulations
are given little attention. Rather, that review primarily emphasizes compatibility with the designated post-
mining land use and with the resource area management plan. Lease stipulations are often not even men-

tioned by BLM officials as a consideration.

BLM officials contacted by OTA emphasized that permitting and reclamation are the responsibilities
of the States and OSM, and that the Bureau followed the State or OSM'S lead in reclamation-related mat-
ters. On the other hand, State and OSM officials argue that ensuring compliance with lease stipulations
is BLM's responsibility as the Federal surface management agency. Because stipulations are so vague and
general in comparison to theextensive and detailed regulatory requirementsfor a mining and reclamation
plan and permit application, OSM and State regulatory authorities rarely find the stipulations relevant to

permitting.

To accomplish these objectives, Congress
charged the Secretary of the Interior, acting
through OSM, to develop and issue a Federal reg-
ulatory program to carry out the provisions of
SMCRA, to assist the States technically and finan-
cially in developing programs that both meet the
goals and minimum standards of SMCRA and re-
flect local requirements and conditions, to review
and approve or disapprove State programs, and
to enter into cooperative agreements with States
with approved programs for the regulation of sur-
face mining on Federal lands within the State.

The basic elements of the Federal regulatory
program, as established in SMCRA, are perform-
ance and design standards that cover most as-
pects of surface mine reclamation, and the re-
quirements for a detailed mining and reclamation
plan to be submitted in support of a permit ap-
plication. Special provision is made for experi-
mental practices to encourage advances in min-
ing and reclamation techniques. To ensure that
the performance and design standards are met,
and that amine remains in compliance with the
plan and permit, SMCRA requires regular moni-
toring and inspections of surface mining opera-
tions, with a range of enforcement penalties for
violations. The act further requires permittees to

fle a performance bond in an amount sufficient
to assure the completion of the reclamation plan
if the work had to be completed by the regula-
tory authority (see ch. 7).

This section briefly reviews the general data and
analysis requirements for the permit application
package and for demonstrating that the perform-
ance standards and design standards will be met.
The specific data requirements for the various
disciplines-hydrology, soils and overburden, re-
vegetation, and wildlife—are discussed in chap-
ter 5, and the analytical techniques for predicting
the impacts of mining and the success of recla-
mation in chapter 6. It should be noted that many
of the provisions of the Federal regulatory pro-
gram were ruled invalid in court decisions be-
tween July 1984 and July 1985, and it may be sev-
eral years before the new rules are issued in their
final form (see box 4-C). Where the court rulings
substantially affect data or analysis requirements,
this is noted in the text.

Permit Application Package:
Legal and Regulatory Requirements

The permit application and the supporting min-
ing and reclamation plan are the primary means
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of implementing SMCRA.. Therefore, the data and
analysis requirements are extensive. The appli-
cation and plan are used to predict the impacts
of mining and reclamation on all aspects of the
environment, ensure that the performance stand-
ards will be met, establish standards for judging
the success of reclamation, and provide the
basis for determining postmining land uses. The
SMCRA requirements for a permit application
package, including the detailed mining and recla-
mation plan, essentially are divided into three seg-
ments: the baseline description of the mine site,
the plan for recovery of the coal resource, and
the reclamation plan and demonstration that
reclamation is economically and technologically
feasible.

The baseline description of the mine site pro-
vides the basis for estimating the impacts of min-
ing on the natural and human environment, for
comparing the premining and postmining condi-
tions, and for establishing the postmining land
use. Thus, the permit application package must
include accurate maps or plans, to appropriate
scale, clearly showing the land to be affected and
its boundaries, as well as owners of all surface
areas abutting the permit area and other on- and
offsite features (for instance, gas and oil wells,
buildings, parks, cemeteries, transmission lines,
pipelines). Additional data requirements for en-
vironmental resources include the significant
known archaeological sites as well as cultural and
historic resources that are listed or eligible for list-
ing on the National Register of Historic Places.
The plan must specify how impacts on parks or
historic places will be minimized.

The plan for recovery of the coa/ resource
must describe: 1 ) the type and method of coal
mining operation that exists or is proposed; 2) the
anticipated annual and total production of coal
by tonnage; 3) the engineering techniques pro-
posed to be used in mining and reclamation, and
a description of the major equipment; 4) the an-
ticipated or actual starting and ending dates of
each phase of the mining operation and the acre-
age affected; 5) a detailed estimated timetable for
accomplishment of each major step in the recla-
mation plan; and 6) an estimate of the cost per
acre of reclamation. Maps of the permit and ad-
jacent areas also must show the existing and pro-

posed facilities related to the mining and recla-
mation operations (e.g, coal loading, topsoil
stockpiles, sedimentation ponds), and the plan
must specify how these facilities will be built,
maintained, and removed.

The demonstration of reclaimability must take
into consideration the physical, climatological,
and other characteristics of the site. Therefore,
the regulatory authority may require that the per-
mit application describe the climatological fac-
tors peculiar to the locality, including average sea-
sonal precipitation, average direction and velocity
of prevailing winds, and seasonal temperature
ranges. The reclamation plan also must describe
how the permittee plans to comply with the per-
formance standards and with applicable air and
water quality laws and regulations and any health
and safety standards.

The postmining land use provisions of SMCRA
require that all affected land be restored to a con-
dition capable of supporting the uses that it could
support prior to any mining, or higher or better
uses of which there is a reasonable likelihood (see
ch. 8). The reclamation plan must describe the
premining condition of the land to be covered
by the permit, including: 1) existing land uses;
2) the capability of the land prior to mining to
support a variety of uses, giving consideration to
soil and foundation characteristics, topography,
and vegetative cover; and 3) the productivity of
the land prior to mining, as well as the average
yield of food, fiber, forage, or wood products un-
der high levels of management.’

4*Capability’’ and *“productivity” are not defined in the Federal

regulations implementing SMCRA. For the purposes of BLM man-
agement of Federal lands, “capability” is defined as “the ability
or potential of a unit of land to produce resources, supply goods
and services or allow resource uses under a set of management
practices at a given level of management intensity without perma-
nently impairing the resource involved, Capability depends upon
a fixed set of conditions which are relatively stable over time, in-
cluding, but not limited to, climate, slope, landform, soils, and geol-
ogy. Most land has an inherent capability to produce one or more
resources, or goods and services, under natural conditions. Capa-
bility analyses shall permit identification of specific uses or man-
agement practices that cannot be allowed on specific land areas
due to physical conditions, ”
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In describing the use proposed to be made of
the land following reclamation, the applicant
must discuss the utility and capacity of the
reclaimed land to support a variety of alternative
uses, and the relationship of the proposed post-
mining land use to existing land use policies and
plans, including the consideration given to con-
sistency with surface owner plans and applica-
ble State and local land use plans. The applica-
tion package must explain in detail how the
proposed postmining land use is to be achieved,
what support activities may be needed to achieve
it, and the detailed management plans to be im-
plemented for range or grazing lands.

Permit Application Package:
Preparation and Approval Process

In meeting the data and analysis requirements
for a permit application package, the company
usually begins by reviewing the existing data on
the mine site and its mineral and other resources.
The sources of data that may be reviewed in this
process include in-house data gathered during
exploration; BLM management plans, site-specific
analyses for leasing, and EISS; and data available
from other agencies on specific disciplines (e.g.,
wildlife surveys from State Game and Fish De-
partments, soil surveys from the Soil Conserva-
tion Service; see ch. 5). Based on the available
data, the company prepares a first approximation
of the mining and reclamation plan and defines
specific data and analysis needs more clearly. The
company will then collect and analyze the base-
line data and put together the full permit appli-
cation package, which is submitted to the State
regulatory authority.

The State reviews the full package in detail, fre-
quently performing some analysis in order to ver-
ify the results of the company’s analysis. If the
State finds the package deficient or has further
questions (e.g., about the validity of assumptions
used, or of data generated by statistical tech-
niques), the company works with the regulatory
authority and performs additional data collection
and/or analysis until the permit application pack-
age is approved at the State level. It is then sub-
mitted to OSM, and the review process repeated
until the permit is granted. If uncertainties about
the reclamation plan remain (e.g., the potential

for deleterious overburden strata, ability of a pro-
posed reclamation technique to meet the per-
formance standards), stipulations may be im-
posed on the permit to require special monitoring
or research. Finally, the regulatory authority sets
the amount of the reclamation bond. Once that
bond has been filed, the company may begin
mining.

Before issuing a permit, the regulatory author-
ity must find that the application is complete and
accurate; that all of the legislative and regulatory
requirements for permit applications and recla-
mation plans have been met and all fees paid,
and that the applicant has demonstrated the fol-
lowing:

+ reclamation can be accomplished under the
reclamation plan;

+ the regulatory authority has assessed the
probable cumulative impact on the hydro-
logic balance of all anticipated mining in the
area (see below) and the proposed opera-
tion has been designed to prevent material
damage to the hydrologic balance outside
the permit area;

+ the area proposed to be mined is not in-
cluded in an area classified as unsuitable un-
der SMCRA or is not under study for such
classification;

* mining, if undertaken west of the 100th me-
ridian, would not interrupt, discontinue, or
preclude farming on alluvial valley floors
(avrs) that are irrigated or naturally sub-
irigated, and would not materially damage
the quantity or quality of water in surface or
underground water systems that supply AVFS
(see fig. 4-2);

* in split estate areas (where the Federal Gov-
ernment owns the coal but not the surface),
the applicant has submitted written consent
of the surface owner to mining; and

+ the application includes a schedule listing
any and all notices of violations of SMCRA
or any other law or regulation related to air
or water environmental protection incurred
by the applicant in connection with any sur-

5The avr provisions exclude undeveloped rangelands which are

not significant to farming and AVFs of such small acreage as to be
of negligible impact on a farm’s agricultural production.
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Figure 4-2.—Flowchart of Alluvial Valley Floor Regulatory Process

Reconnalssance identiication

studies

tten determination by
regulatory authority

AVFs

1

‘No/{ Applicant accepts findings |
Detailed | Yes
studies

No AVFs

Final
Determination
AVFs In adjacent area AVFEs propesed for mining
Flood Flood Subirrigated Flood
Flood Subirrigated irrigated & imigated & | | undeveloped irrigable
irrigable undeveloped sublirrigated sublirrigated rangeland ¢
rangeland developed developed
iand land
‘— —_— l———’
< Is AVF significant is AV sigpifficant
No to farming? to farming? No
Yes Yes
y /
's area {0 be Impacied " Is area to be dIsturbed
_ Yes a small acreage a small acreage Yes
resuiting in negligible resulting in negligible ———1
impact? impact?
\ No Ne
i
W minlng result in
- material damage to water
] suppliad to AVFs?
y Yes
Mining
‘ prohibited
Wiit essential hydrologic Can essential hydrologic
fungtions be protected {unctions be restored?
and preserved? : -
No
‘ No A Yes
Mitigation measures Yes " Mining
necessary in mine pian | prohibited
or mining prohibited | . :
Develop adequate Develop adequate
monitoring plan monitoring plan

SOURCE: U.S. Department of the Interior, Office of Surtace Mining, Annual Report of the Office of Surface Mining (Washington, DC: U.S. Government

Printing Office, 1983).

End



102 . Western Surface Mine Permitting and Reclamation

face mining operation during the 3 years
prior to the date of the application, includ-
ing the final resolution of such notices, and,
if the applicant’s ongoing operations are in
violation of SMCRA, a declaration that the
violation has been or is being corrected to
the satisfaction of the regulatory authority.

Performance Standards

Section 515 of SMCRA establishes both general
performance standards, and those specific to a
particular discipline (e.g., hydrology), that cover
virtually all aspects of surface mining, These are
minimum standards, and the Federal or State reg-
ulatory programs may impose standards that are
more stringent. SMCRA or the regulations often
specify the mining and reclamation techniques
that may be used to meet the performance stand-

ards, unless the operator demonstrates in the per-
mit application that an alternative technique will
beat least as effective. Such a demonstration may
be expensive to prepare, however, especially
given the risk that the alternative technique will
not be permitted. Therefore, most operators rely
on proven techniques unless there is a decided
cost advantage to the alternative method due to
site-specific considerations.

During the course of mining and reclamation,
a company continually collects additional data
and monitors the impacts of mining in order to
demonstrate compliance with the permit and the
performance standards. Thus, very detailed ge-
ologic data, as well as hydrologic and wildlife
monitoring data are collected as the pit advances.
The company refines the reclamation plan based
on these data. If the term of the initial permit was
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not for the life-of-the-mine, the additional data
collection and analysis performed after the on-
set of mining also is used to support the applica-
tion for permit renewal.

General Performance Standards.—SMCRA re-
quires that all surface coal mining operations be
conducted so as to maximize utilization and con-
servation of the fuel resource in order to avoid
reaffecting the land in the future. Under the reg-
ulations related to coal recovery, surface mining
activities also must use the best appropriate tech-
nology currently available to maintain environ-
mental integrity. 1n addition, operators must en-
sure that all reclamation efforts proceed in an
environmentally sound manner and as contem-
poraneously as practicable with mining, and the
regulatory authority may establish schedules that
define contemporaneous reclamation.

Surface and Groundwater Systems.—-All sur-
face coal mining operations must be conducted
so as to minimize disturbances to the prevailing
hydrologic balance at the mine-site and in asso-
ciated offsite areas, and to the quality and quan-
tity of water in surface and groundwater systems
both during and after mining and reclamation.
Three basic hydrologic analyses are required un-
der SMCRA to demonstrate that these standards
will be met: 1) a determination of the probable
hydrologic consequences (PHC) of mining and
reclamation, on- and offsite, on the quantity and
quallity of surface and groundwater systems (in-
cluding dissolved and suspended solids) under
seasonal flow conditions; 2) an assessment of the
probable cumulative hydrologic impacts (CHIA)
of all anticipated mining in the area, particularly
with regard to water availability; and 3) a hydro-
logic restoration plan that addresses the impacts
predicted in the PHC determination and the
CHIA, as well as the means to be used to meet
the performance standards. In addition, the reg-

¢The Federal regulations define 1'best technology currently avail-
able’ as “equipment, devices, systems, methods, or techniques
which are currently available anywhere as determined by the
Director, even if they are not in routine use. The term includes,
but is not limited to, construction practices, siting requirements,
vegetative selection and planting requirements, animal stocking re-
quirements, scheduling of activites . . Within the constraints of
the permanent program, the regulatory authority shall have the dis-
cretion to determine the best technology currently available on a
case-by-case basis .“(9).

ulations impose specific design standards related
to surface features such as siltation structures,
diversions, impoundments, stream buffer zones,
etc.

The PHC determination generally is based on
baseline hydrologic, geologic, and other informa-
tion, but an operator may use modeling tech-
nigues, interpolation, or other methods to gen-
erate data statistically representative of the site.
The Federal regulations list four required sets of
findings for the PHC determination. It must de-
termine, first, whether adverse impacts may af-
fect the hydrologic balance, and second, whether
acid-, alkaline-, or toxic-forming’ materials are
present that could result in postmining surface
or groundwater contamination. If adverse impacts
or deleterious materials are found, supplemen-
tal data and analyses are needed to evaluate them
and to plan remedial and reclamation activities
(see chs. 5 and 6). Third, the PHIC determination
must address the potential for contamination,
diminution, or interruption of surface or ground-
water used for domestic, agricultural, industrial
or other purposes. if any of these effects is pre-
dicted to occur, the reclamation plan must con-
tain information on water availability and alter-
native water sources, including the suitability of
such sources for the pre- and postmining land
uses. Fourth, the PHC analysis must estimate the
potential impacts on sediment yield from the dis-
turbed area; acidity, total suspended solids (TSS),
total dissolved solids (TDS), and other important
water quality parameters of local impact; flood-
ing or streamflow alteration; surface and ground-
water availability; and other characteristics re-
quired by the regulatory authority. Standard
methodologies for water quality sampling and
analyses are listed in the Federal regulations.

The cumulative hydrologic impact assessment
(CHIA) usually is performed by the regulatory au-
thority based on hydrologic and geologic infor-
mation provided (when available) by appropri-
ate Federal or State agencies. If not available from
such agencies, however, the permit applicant
must collect sufficient data for the mine-site and

“Toxic” is defined in the Federal regulations as “chemically or
physically detrimental to biota”; it refers to the potential need for
special handling of overburden strata and not to the disposal of
toxic waste.
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surrounding areas so that the regulatory author-
ity can perform this assessment, as the permit can-
not be approved until this information is made
available and incorporated into the application. a
For purposes of permit approval, the CH 1A must
be sufficient to determine whether the proposed
operation has been designed to prevent material
damage to the hydrologic balance outside the
permit area.

The hydrologic reclamation plan, including
relevant maps and descriptions, indicates how the
performance standards related to protection and
restoration of water quality and the hydrologic
balance will be met. This plan must be specific
to local hydrologic conditions, and must describe
the steps to be taken during mining and recla-
mation through bond release to minimize distur-
bances to the hydrologic balance; prevent ma-
terial damage outside the permit area; meet
applicable Federal and State water quality laws
and regulations; and protect the rights of present
water users or provide alternative sources of
water where such protection cannot be assured,
The plan must specifically address adverse hydro-
logic consequences identified in the PHC deter-
mination and the CHIA, and appropriate preven-
tive and remedial measures.

The regulations specify that, in meeting the per-
formance standards, mining and reclamation
practices that minimize water pollution and
changes in flow shall be used i n preference to
water treatment.

Overburden Handling.—Operators must back-
fill the pit, compact the backfilled overburden
(where advisable to ensure stability or to prevent
leaching of toxic materials), and grade it in or-
der to restore the approximate original contour
(AOC) of the land with all highwalls, spoil piles,
and depressions eliminated. Small depressions
may be left if they are needed in order to retain
moisture, create and enhance wildlife habitat, or
assist revegetation. Mines with very thick or very
thin overburden may be exempted from the AOC

8if the annual production from the mine will be less than 100,000
tons, the determination of probable hydrologic consequences and
the results of test borings or core samplings shall, upon written re-
quest of the operator, be performed by a qualified public or pri-
vate laboratory designated and paid by the permit agency.

requirement if the operator demonstrates that the
thickness prevents attaining AOC.

Additional backfiling and grading requirements
in SMCRA specify that operators stabilize and pro-
tect all surface areas, including spoil piles, to ef-
fectively control erosion and attendant air and
water pollution, stabilize all waste piles in desig-
nated areas through construction in compacted
layers, including the use of incombustible and im-
pervious materials if necessary, and assure that
the final contours of waste piles will be compati-
ble with the natural surroundings.

Topsoil Handling.—After backfilling and grad-
ing of the overburden, the topsoil, or the best ma-
terial available to support vegetation, must be re-
stored to the mined area in a manner that will
achieve an approximately uniform, stable thick-
ness consistent with the approved postmining
land use, contours, and surface water drainage
systems. When the topsoil has to be stockpiled,
the operator must protect it from wind and water
erosion and keep it free of contamination by acid
or toxic material by providing a temporary cover
of quick growing plants (or other means). If the
natural topsoil is too poor to sustain vegetation,
or if other strata can be shown to be more suit-
able, these strata must be removed, segregated,
and protected in the same manner. The data re-
quirements for demonstrating the suitability of
topsoil (or of selected overburden materials pro-
posed to be used as a topsoil supplement or sub-
stitute) are discussed in chapter 5. The regulatory
authority may require that the topsoil and sub-
soil be removed, stockpiled, and replaced sepa-
rately (“two lifts”) if necessary to meet the revege-
tation requirements. Two-lift topsoiling is required
in North Dakota and Montana (sometimes Colo-
rado), and practiced at several mines in other
States in the study region (see chs. 3 and 8).

While the surface is exposed (i.e., prior to
establishment of a permanent, stabilizing vegeta-
tive cover), erosion must be controlled. If rils and
gullies form in regraded and topsoiled areas that
disrupt either the postmining land use or revege-
tation, or that cause or contribute to violation of
water quality standards, they must be filled, re-
graded, or otherwise stabilized, retopsoiled, and
revegetated. The regulations also require, if nec-
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essary to promote successful revegetation, treat-
ment (e.g., disking, ripping) of the regraded land,

and application of nutrients and soil amendments.

Revegetation.—SMCRA requires the operator
to establish on regraded areas (and all other af-
fected land) a diverse, effective, and permanent
vegetative cover of the same seasonal variety na-
tive to the area, capable of self-regeneration and
plant succession, and at least equal in extent of
cover to the natural vegetation of the area.’The
vegetative cover also must be capable of stabiliz-
ing the soil surface from erosion. The reclama-
tion plan must describe existing vegetative types
and plant communities with sufficient detail to
predict the potential for reestablishing vegetation
and to allow evaluation of the vegetation as im-
portant fish and wildlife habitat.

Specific provisions related to the timing of
revegetation, and the use of mulching and other
soil stabilizing practices are included in the
regulations, as are standards for the success of
revegetation (see ch. 7). Disturbed areas must be
planted during the first normal period of favor-
able planting conditions—that planting time gen-
erally accepted locally for the type of plant ma-
terials used—after replacement of the topsoil (or
other plant growth medium). Suitable mulch or
other soil stabilization practices must be used on
all areas that have been regraded and topsoiled,
unless seasonal, soil, or slope factors make such
stabilization unnecessary. In areas with less than
26 inches of annual precipitation (most of the
study area), operators must assume responsibil-
ity for successful revegetation for 10 years after
the last year of augmented seeding, fertilizing,
irrigation, or other work (see ch. 7).

Wildlife.—Operators must, to the extent pos-
sible using the best technology currently avail-
able,lo minimize disturbances and adverse im-

9The regulatory authority may approve the use of introduced spe-
cies only where desirable and necessary to achieve the approved
postmining land use, although the use of such species may be ap-
proved on a temporary basis when necessary to achieve a quick-
growing, stabilizing cover, and the permit and reclamation plan
include measures to establish permanent native vegetation.

%In this context, “best technology currently available” is defined
in the Federal regulations as “equipment, devices, systems, meth-
ods, or techniques which will minimize, to the extent possible, dis-
turbances [of] and adverse impacts on fish, wildlife and related envi-
ronmental values, and achieve enhancement of those resources
where practicable. ”

pacts of mining and reclamation on fish, wildlife,
and related environmental values, and achieve
enhancement of such resources where practic-
able. Each permit application must include a
detailed fish and wildlife plan that indicates how
the performance standards will be met, includ-
ing specific information on impact control meas-
ures, management techniques, and monitoring
methods. if enhancement of wildlife resources
and habitat is not practicable, this also must be
demonstrated in the mining and reclamation
plan. The Federal regulations add special provi-
sions related to endangered species, bald and
golden eagles, and wetlands and habitats of un-
usually high value, and they specify design stand-
ards for certain aspects of operations.

Operators must avoid disturbing, enhance
where practicable, or restore wetlands and vege-
tation along rivers, streams, ponds, and lakes, as
well as other habitats of unusually high value for
fish and wildlife (e.g., cliffs supporting raptor
nests, wintering and nursery areas, breeding
areas, etc.; see ch. 3). Operators also must en-
sure that electric powerlines and other transmis-
sion facilities are designed and constructed to
minimize electrocution hazards to raptors (fig. 3-
11); that haul and access roads are located and
operated so as to avoid or minimize impacts on
important fish and wildlife species; and that
fences, conveyers, and other potential barriers
are designed to permit passage for large mammals.

No surface mining activity may be conducted
that will jeopardize endangered or threatened
species, or will destroy or adversely modify their
designated critical habitats. Similarly, mining may
not result in the unlawful taking of a bald or
golden eagle, and its nest or eggs. If an operator
becomes aware of endangered or threatened spe-
cies or eagles within the permit area, he must re-
port them promptly to the regulatory authority,
which then consults with fish and wildlife agen-
cies to identify whether, and under what condi-
tions, mining may proceed (see ch. 3, box 3-P
and related text).

Experimental Practices

SMCRA allows experimental departures from
the environmental protection performance stand-
ards when the operator can demonstrate that
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such departures: 1) will encourage advances in
mining and reclamation or will allow special post-
mining land uses; 2) are potentially more, or at
least as, environmentally protective, during and
after mining, as practices under the performance
standards; 3) do not encompass a larger area or
are not more numerous than necessary to deter-
mine the effectiveness and economic feasibility
of the experimental practice; and 4) do not re-
duce the protection afforded public health and
safety. Requests for experimental practices are
subject to special public notice requirements and
must be approved by the Director of OSM.

An application for an experimental practice
must describe the nature of the practice (includ-
ing supporting maps, plans, and data); the per-
formance standards for which variances are re-
quested; and the duration of the practice. The
application also must include a monitoring plan
to ensure the collection, analysis, and reporting
of sufficient data to enable the regulatory author-
ity to evaluate the practice’s effectiveness and to
identify, at the earliest possible time, potential
risks to the environment and public health and
safety. As discussed in chapter 9, experimental
practices are difficult to obtain and expensive to
conduct. As a result, few companies propose
them unless there are clear cost advantages to
doing so.

Experimental practices are reviewed by the reg-
ulatory authority every 21/2 years. After review,
the regulatory authority may require reasonable
modifications of the practice necessary to ensure
that the activities fully protect the environment
and public health and safety.

Monitoring Requirements

SMCRA specifies that the regulatory authority
may require monitoring or other data collection
relative to surface mining and reclamation, in
general, and to disruption of aquifers, in particu-
lar, to assist in the development, administration,
and enforcement of programs and permits. Spe-
cial monitoring requirements relate to alluvial val-
ley floors and to air quality control (see discus-
sion of Clean Air Act, below). The regulatory
authority is responsible for establishing standards
and procedures for ensuring the reliability and

validity of monitoring data collection and
analysis.

Surface and groundwater monitoring plans are
based on the results of the PHC determination,
and on the analysis of all baseline hydrologic, ge-
ologic, and other data. Operators must monitor
parameters affecting the suitability of surface and
groundwater for pre- and postmining land uses
as well as those related to compliance with the
performance standards. The surface water mon-
itoring plan also must address the effluent limi-
tations established under the Clean Water Act
(see below).

A special monitoring system is required to be
installed, maintained, and operated on all AVFS
during surface coal mining and reclamation oper-
ations and continued until all bonds are released.
It must provide sufficient information to allow the
regulatory authority to determine that the essen-
tial hydrologic functions of AVFS are being pre-
served outside the permit area or reestablished
within the permit area throughout the mining and
reclamation process; that farming on AVFS sig-
nificant to agriculture is not being interrupted,
discontinued, or precluded; and that the op-
eration is not causing material damage to the
quantity or quality of water in the surface or un-
derground systems that supply protected AVFS.
Monitoring must be conducted at adequate fre-
quencies to indicate long-term trends that could
affect compliance with the special AVF perform-
ance standards. The operator must make all mon-
itoring data collected and analyses thereof avail-
able to the regulatory authority on a routine basis.

Inspections and Enforcement

SMCRA requires the regulatory authority to
conduct regular inspections of surface mining and
reclamation operations to ensure that they are
in compliance with the performance standards
and the mining and reclamation plan and per-
mit. The regulatory authority must conduct an
average of at least one partial inspection (onsite
or aerial review of some of the permit conditions
and program requirements) per month for active
operations (as necessary for inactive), and an
average of at least one complete onsite inspec-
tion every 3 months. Any potential violation ob-
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served during a partial inspection must be inves-
tigated in detail within 3 days, unless it poses an
imminent danger to public health and safety or
the environment, in which case it must be in-
spected immediately.

An immediate order to cease all mining and
reclamation operations is issued for violations that
create such an imminent danger, or when an
operator has failed to abate a lesser violation
within the prescribed period. A cessation order
remains in effect until the violation is abated. No-
tices of violation (NOVS) are issued for conditions
that do not create an imminent danger or harm.
Civil monetary penalties are assessed for cessa-
tion orders and NOVS based on a “point” sys-
tem that takes into account the operator’s his-
tory of previous violations; the seriousness of the
violation based on the probability of occurrence
of the event which the violated standard was in-
tended to prevent; the extent of potential or ac-
tual damage; the operator’s degree of negligence;
and good faith attempts to comply. The maxi-
mum penalty (70 points or more) is $5,000 per
day. For operations that show a willful pattern
of violations, the OSM Director may suspend or
revoke the permit.

Clean Water Act

The Clean Water Act establishes national water
quality goals to be achieved through State man-
agement plans that include water quality stand-
ards. These standards consist of the designated
uses of the waters involved, including their use
and value for public water supplies; propagation
of fish and wildlife; recreational, agricultural, in-
dustrial, and other purposes; and navigation. In
addition, the standards include water quality cri-
teria for receiving waters based on these uses.

The water quality standards generally are to be
achieved through effluent limitations on dis-
charges from point sources. Effluent limitations
are restrictions established by the State or EPA
on quantities, rates, and concentrations of chem-
ical, physical, biological, and other constituents
that are discharged from point sources. Effluent
limitations for surface coal mines regulate dis-
charges of iron, manganese, and TSS, as well as
the pH. In general, the act requires all catego-

ries of point sources to apply the best practicable
control technology currently available in order
to meet the effluent limitations.

Effluent limitations and water quality standards
are implemented through State certification pro-
grams and through the National Pollutant Dis-
charge Elimination System (N PDES). All point
sources must obtain State certification that the
discharge will not violate any effluent limitations,
water quality standards, or New Source Perform-
ance Standards (NSPS). Under NPDES, a facility
may be issued a permit for a discharge on the
condition that the discharge will meet all appli-
cable water quality requirements. NPDES permits
are issued under EPA-approved State programs,
or where a State program has not been approved,
by EPA.

Effluent limitations have been established for
mining operations, broken down into those appli-
cable to acid and alkaline discharges. Under the
Clean Water Act, mining operations must obtain
NPDES permits and must use the best available
control technology to comply with EPA or State
effluent limitations. As discussed in chapter 8,
sedimentation control ponds historically have
been considered the best technology to control
discharges of TSS to surface streams.

Clean Air Act

The Clean Air Act establishes a national system
of air quality regulation in which EPA is respon-
sible for developing Federal regulations and
standards, and the States must implement plans
consistent with the Federal program. The central
feature of the Clean Air Act is the requirement
that EPA promulgate National Ambient Air Qual-
ity Standards (NAAQS) in terms of ambient con-
centrations of pollutants. Primary standards are
designed to protect human health, and second-
ary standards are intended to safeguard public
welfare. EPA has established primary and second-
ary NAAQS for sulfur oxides, particulate matter,
nitrogen dioxide, hydrocarbons, photochemical
oxidants, carbon monoxide, ozone, and lead.

Every new major source of emissions is re-
quired to undergo a preconstruction review. Air
quality control regions that are in violation of any
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NAAQS or, at the opposite extreme, those where
the air is already much cleaner than the stand-
ards require, are subject to more stringent re-
quirements under the act with respect to the per-
mitting of new point sources.

Air quality concerns regarding surface coal min-
ing activities focus on fugitive dust and its effect
on total suspended particulate. Thus far, air qual-
ity concerns have had only a minor effect on
Western coal development. In some areas of the
Powder River Coal Region of Wyoming fugitive
dust emissions from surface mining have exceeded
the NAAQS. Other Western coal operations are
within pristine areas subject to the more stringent
new source performance and prevention of sig-
nificant deterioration standards. Mining opera-
tions in these areas have had to adopt better dust
control measures or reduce the scope of their
operations.

All Western surface mining activities with pro-
jected production exceeding 1 million tons per
year (tpy) must include in their permit applica-
tion package an air pollution control plan for fu-
gitive dust. In addition, operators must devise a
monitoring program that will provide sufficient
data to demonstrate that the control practices are
effective enough to comply with applicable Fed-
eral and State air quality standards.

National Environmental Policy Act

The National Environmental Policy Act of 1969
(NEPA) restructured Federal agency decisionmak-
ing in favor of a systematic, interdisciplinary ap-
proach that would ensure that environmental
amenities and values would receive appropriate
consideration along with traditional economic
and technical factors. NEPA was the first major
environmental legislation approved by Congress,
and it has remained the most far-reaching in
scope.

NEPA requires all Federal agencies to include
a detailed statement in every recommendation
or report on proposals for legislation and other
“major Federal actions significantly affecting the
quality of the human environment” that de-
scribes:

. possible environmental impacts of the pro-
posed Federal action,

+ any adverse environmental effects that can-
not be avoided should the proposed action
be implemented,

+ alternatives to the proposed action and their
environmental impacts,

+ the relationship between local short-term
uses of man’s environment and the mainte-
nance and enhancement of long-term pro-
ductivity as it applies to proposed Federal
actions, and

+ any irreversible and irretrievable commit-
ments of resources that would result from
implementation of the proposed action,

In order to determine whether a proposed ac-
tion is “major” and will “significantly” affect the
environment, Federal agencies prepare a prelimi-
nary environmental assessment (EA). The EA pro-
vides a brief examination and analysis of the pro-
posed action and alternatives to it, a discussion
of the need for the action, and an examination
of potential environmental impacts. If an EA in-
dicates that an action is not “major” or that it
will not “significantly” affect the environment,
the agency may publish a “finding of no signifi-
cant impact” (FONSI), and then will not have to
prepare a detailed EIS.

All coal-related activities that would have a sig-
nificant impact on the environment and that need
Federal authorization require a full environmental
impact statement (EIS). This includes Federal land
use planning and regional Federal coal lease
sales, and, in some cases, permits to conduct sur-
face mining operations under SMCRA.

Federal regulations may also require the prep-
aration of an EIS when rulemaking is initiated by
significant new circumstances or information rele-
vant to environmental concerns. The initiation
of the new Federal coal management program
in 1979 was accompanied by a detailed program-
matic EIS prepared in accordance with NEPA.
That EIS was revised in 1985 to reflect changes
proposed to be made in the leasing program, as
well as more up-to-date coal resource and de-
mand data (4).

Other Federal Legislation

In addition to the specific requirements of the
Federal acts discussed above and the State pro-
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grams implementing them, as well as the State
legislation listed in tables 4-3 through 4-7, a wide
range of other laws affect surfface mining in the
Western United States. These are listed below:

Act of September 28, 1976: Provides for the
regulation of mining activity within, and
repeals the application of mining laws to,
areas of the National park System.
American Indian Religious Freedom Act of
1978: Mitigates potential harm to American
Indian religious sites.

Antiquities Act of 1906: Regulates antiqui-
ties excavation and collection, including fos-
sil remains.

Archaeological and Historical Preservation
Act of 1974; Archaeological Salvage Act:
Provides for recovery of data from areas to
be affected by Federal actions; provides for
preservation of data, including relics and
specimens, at every Federal construction
project.

Bald Eagle Protection Act of 1969: Protects
bald and golden eagles.

Endangered Species Act of 1973: Protects
endangered and threatened species and crit-
ical habitat affected by Federal actions; re-
quires prior consultation with Fish and Wild-
life Service.

Fish and Wildlife Coordination Act of 1934:
Requires consultation about water resource
development actions that might affect fish or
associated wildlife resources.

Forest and Rangeland Resources Planning
Act of 1974: provides for a comprehensive
system of land and resource management
planning for National Forest System lands.
Historic Preservation Act of 1966 (as
amended): Establishes systems of classifying
properties on or eligible for inclusion on Na-
tional Register of Historic Places; mandates
Federal agency consultation with Advisory
Council and State historic preservation
officers.

Migratory Bird Treaty Act of 1918: Requires
enhancement of, and prevention of loss of,
migratory bird habitats.

Mining and Minerals Policy Act of 1970:
provides broad principles for mineral re-
source development.

Multiple Use-Sustained Yield Act of 1960:
Requires management of National Forests
under principles of multiple use so as to
produce a sustained yield of products and
services.

National Forests Management Act of 1976:
Provides for a comprehensive system of land
and resource management planning for Na-
tional Forest System lands.

National Trails System Act: Provides for
establishment and protection of trails.
Noise Control Act of 1976: Requires pub-
lication of information on limits of noise re-
quired to protect public health and welfare;
preempts local control of railroad equipment
and yard noise emissions.

Resource Conservation and Recovery Act:
Establishes guidelines for collection, trans-
port, separation, recovery, and disposal of
solid waste.

Safe Drinking Water Act of 1974: Establishes
mechanism for National Primary Drinking
Water Standards.

Soil and Water Resources Conservation Act
of 1977: Requires appraisal by Secretary of
Agriculture of information and expertise on
conservation and use of soils, plants, wood-
lands, etc.

Wild and Scenic Rivers Act: Provides for
preservation of certain rivers or portions
thereof in their natural state.

Wilderness Act of 1964: Provides for estab-
lishment of wilderness reserves; requires
preservation of wilderness areas in an un-
impaired condition.

FEDERAL AGENCY RESPONSIBILITIES

A number of Federal agencies are involved in
the administration of the laws and regulations de-
scribed in this chapter. Most environmental leg-

islation (e. g., Clean Air and Water Acts, Noise
Control Act, Resource Conservation and Recov-
ery Act, Safe Drinking Water Act) is administered
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by the Environmental Protection Agency. EPA
also approves EISS prepared under NEPA, al-
though the Council on Environmental Quality is
responsible for promulgating regulations to im-
plement NEPA. Federal land management agen-
cies include the Bureau of Land Management and
Fish and Wildlife Service within DOI, and the
U.S. Forest Service within USDA. This section will
focus on management responsibilities for Federal
coal and surface mining regulation, which rest
primarily with the Department of the Interior and
its various agencies.

Until January 1982, DOI'S functions and re-
sponsibilities for managing Federal coal were
divided among the Office of Surface Mining, the
U.S. Geological Survey (USGS), and the Bureau
of Land Management. BLM was responsible for
administering the provisions of FLPMA and
FCLAA related to land use planning and the leas-
ing of Federal coal. Regulation of coal develop-
ment on Federal leases was shared by OSM and
USGS, with OSM administering SMCRA, and the
USGS determining coal reserves present on Fed-
eral lease tracts, developing coal resource eco-
nomic evaluations for leases (recommendations
for bonus bids and royalty rates), and preparing
development and mineral resource recovery re-
quirements for Federal leases. USGS also was
responsible for overseeing coal exploration oper-
ations, and for reviewing mine plans and inspect-
ing mines for compliance with resource, conser-
vation, and recovery requirements (4).

In 1982, the Secretary of the Interior created,
on an experimental basis, the Minerals Manage-
ment Service (MMS), which assumed all major
coal-related functions of the USGS Conservation
Division. This organizational structure remained
in place until late in 1982, when the Secretary
consolidated the primary onshore mineral oper-
ations and leasing functions of the MMS into
BLM, and made permanent the creation of the
MMS. Thus, all aspects of leasing and production
of coal resources are now within the purview of
BLM, which, in addition to its overall responsi-
bilities under FCLAA and FLPMA, enforces dili-
gent development of leases, assures maximum

economic recovery and conservation of mineral
resources, and evaluates the economics of min-
ing. BLM also must review permit applications
and reclamation plans for proposed mines on fed-
erally leased coal for the resource considerations
listed above, as well as for compliance with any
lease stipulations for environmental protection or
other purposes, and must concur in OSM’S ap-
proval or disapproval of a permit. MMS retains
responsibilities for auditing leases and collecting
rents, royalties, and bonuses due the Federal
Government on the sale and production of on-
shore minerals. (4)

Other DOI agencies with coal-related respon-
sibilities are the Fish and Wildlife Service (FWS),
USGS, Bureau of Mines, and Bureau of Reclama-
tion. The FWS conducts surface mining studies
to assess and predict the impacts of coal-related
activities on fish, wildlife, and their habitats. FWS
also monitors work related to impacts on wild-
life in general and on endangered species in par-
ticular, and consults with BLM and OSM on fish
and wildlife issues related to land use planning,
coal leasing, and surface mine reclamation.

The Bureau of Mines conducts advanced coal
mine health and safety research and demonstra-
tion projects on backfiling and subsidence. USGS
provides technical assistance (including extensive
databases; see ch, 5) for hydrologic studies, and
administers a coal exploration program that pro-
vides maps, local and regional stratigraphy and
correlation networks, and coal resource assess-
ments (4).

The U.S. Forest Service is responsible for land
use and activity planning on National Forest Sys-
tem lands. They apply the unsuitability criteria
for coal leasing on these lands and, although BLM
retains the responsibility for activity planning and
for lease sales and administration, the Forest Serv-
ice must consent to leases and may add terms
and conditions to a lease to protect environ-
mental values. The Forest Service also must con-
cur with OSM on surface mining permits and rec-
lamation plans for mining operations on National
Forest lands (4).
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STATE PROGRAMS FOR THE REGULATION OF
SURFACE MINING AND RECLAMATION

While SMCRA established a nationwide pro-
gram for regulating surface coal mining and recla-
mation, it also recognized that, because of the
diversity in terrain, climate, biologic, chemical,
and other physical conditions in areas subject to
mining, the primary governmental responsibility
for regulation should rest with the States. To as-
sume exclusive jurisdiction over such regulation,
States were required by SMCRA to develop and
submit to DOI a State program which demon-
strates that the State has the capability of carry-
ing out the provisions of the act and achieving
its objectives.

Under SMCRA, the minimum requirements for
a State regulatory program are:

* a State law that provides for regulation in
accordance with SMCRA, including effective
implementation and enforcement of a per-
mit system, and sanctions for violations of
State laws, regulations, or permit conditions;

* rules and regulations consistent with those
established by DOI under SMCRA,;

+ a State regulatory authority with sufficient
administrative and technical personnel and
funding to ensure the requirements of
SMCRA can be met;

+ a process for designation of areas as unsuit-
able for surface mining in accordance with
SMCRA, provided that designation of Fed-
eral lands as unsuitable shall be performed
exclusively by DOI after consultation with
the States; and

+ a process for coordinating the review and
issuance of permits with any other State or

Federal permit process applicable to pro-
posed operations.

State laws or regulations may be more stringent
than, or may relate to areas not covered by,
SMCRA and the Federal regulations, but they may
not be less stringent or less comprehensive. if a
State fails to submit a program, submits one that
is unacceptable, or fails to implement, enforce,
or maintain an approved program, then DOI pre-
pares and implements a Federal program for the
State. In developing and implementing a Federal
program for a State, DOI must consider the na-
ture of that State’s terrain, climate, biological,
chemical, and other relevant local physical con-
ditions. SMCRA also provides for Federal enforce-
ment of a State program if the State is not enforc-
ing it adequately.

Each of the five States in the study area has an
approved regulatory program under SMCRA, as
well as permitting authority under the Clean Air
and Water Acts. Tables 4-3 through 4-7 list the
State laws that may affect mining and reclama-
tion. These laws are implemented through regu-
lations and other interpretive documents such as
guidelines, technical memoranda, field manuals,
etc. Discussions of the State programs as they re-
late to baseline and monitoring data and analyti-
cal methods may be found in chapters 5 and 6.
Detailed discussions of the State provisions re-
lated to surface and groundwater hydrology, soils
and overburden, revegetation, and wildlife are
included in the technical reports appended as
volume 2 of this assessment.
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Table 4.3.—Colorado Legislation Affecting Coal Development

Lead State agency

Legislation

Purpose

Major relevance

Department of Health:
—Water Quality Control
Commission

—Air Pollution Control
Commission

State Land Use Com-
mission

Department of Natural
Resources
—Division of Mines

—Mined Land Reclama-
tion Board

Water Quality Control Act

Air Pollution Control Act

Land Use Act of 1974

Antiquities Act of 1973

Mining Employees
Safety Act

Mined Land Reclamation
Act of 1976

Mined Land Reclamation
Act of 1979

Establishes and ad-
ministers water quality
standards in State
waters; requires NPDES
permits

Establishes and ad-
ministers air quality
standards

Protects the utility, value,
and future of all lands
within the State, includ-
ing the public domain
and privately owned land

Provides for the protection
of historical, natural, or
archeological values and
for data recovery

Provides for mine safety

Provides for the reclama-
tion of land subjected to
surface disturbance by
mining; to conserve
natural resources; pro-
tect wildlife and aquatic
resources; and establish
recreation, home, and in-
dustrial sites to protect
and perpetuate the taxa-
ble value of property

Mitigates impacts, assures
reclamation, perpetuates
existing regulations, and
ensures that CO can
carry out the purposes
of SMCRA

Requires site review and
permitting for projects in-
volving water, sewage,
and waste disposal; estab-
lishes critera for erosion
control dams

Requires mines to use dust
preventive measures in all
mining procedures, includ-
ing construction

Local governments have the
duty to identify, desig-
nate, and administer areas
and activities of State in-
terest, including mineral
resource areas and mining

Establishes areas containing
or having significant
historical, natural, or ar-
cheological resources as
being of State interest;
BLM must coordinate with
State Historic Preserva-
tion Officer before approv-
ing mine plans or
rights-of-way

Monitors mine safety
practices

Mine operation must obtain
a permit, based on a plan
of operations that in-
cludes a reclamation sec-
tion; Board must hold
public hearings and the
applicable county must
approve permit issuance

Provides strict timeframe for
issuing permits; permit re-
quirements and perfor-
mance standards similar
to SMCRA; apply to sur-
face operations and sur-
face impacts incident to
underaround coal mines

SOURCE: U.S. Department of the Interior, Bureau of Land Management, Federal Coal Management Program, Draft Environmental Impact Statement Supplement (Washina-
ton, DC: U.S. Government Printing Office, 1985).
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Table 4-4.—Montana Legislation Affecting Coal Development

Lead State agency

Legislation

Purpose

Major relevance

Department of Natural
Resources and Conser-
vation

Environmental Quality
Council

Department of Health and
Environmental Sciences

Depar ment of State Lands

—Board of Land Com-
missioners

Major Facility Siting Act

Environmental Policy Act

Water Pollution Control
Law

Solid Waste Management
Act

Clean Air Act

Strip and Underground
Mine Reclamation Act

Strip Mined Coal Conserva-
tion Act
Antiquities Act

Provides for review and
regulation of major fa-
cilities

To promote efforts to pre-
vent or eliminate
damage to the environ-
ment, to enrich the un-
derstanding of the
ecological systems and
natural resources impor-
tant to the State

Protect the environment
and reduce pollution

Protects resources and the
environment

Prevents waste of market-
able coal

Protects historic, prehistor-
ic, archeological, paleon-
tological, scientific, or
cultural sites and ob-
jects on State lands

Grants authority to require
and review long range
planning by certain utili-
ties, to give approval to
generation and conversion
plant sites and associated
facilities, and to require
preconstruction certifica-
tion of such facilities

Requires EIS for all coal
mine permit applications

Establish standards and
minimum amounts of devi-
ation of pollutant sub-
stances

Detailed standards for the
method of mining, blast-
ing, subsidence, stabiliza-
tion, water control,
backfilling, grading, high-
wall reduction, topsoiling,
and revegetation for lands
affected by mining

Requires registration and
protection of sites

SOURCE: U S. Department of the Interior, Bureau of Land Management, Federal Coal Management Program, Draft Environmental Impact Statement Supplement (Wash-
ington, DC: U.S. Government Printing Office, 1985)
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Table 4-5.-New Mexico Legislation Affecting Coai Development

Lead State agency

Legislation

Purpose

Major relevance

Environmental Improve-
ment Division

Coal Surface Mining Com-
mission

Energy and Minerals
Department
—Mining and Minerals
Division
Natural History Museum

State Game Commission

Historic Preservation
Officer

Water Quality Control
Commission

State Engineer

Environmental Improve-
ment Act of 1971

Air Quality Control Act

Surface Mining Act of 1979

Surface Mining Act of 1979

Mining and Minerals Divi-
sion Regulations

Regulation 563

Cultural Properties Act of
1969

Water Quality Control Act

N.M. State Annotation
72-2-1 (1953 Compil.)

Establishes responsibili-
ties for environmental
management and con-
sumer protection
programs

Establishes and enforces
regulations to prevent or
abate air pollution

Issues surface mining
regulations

Enforces surface mining
regulations

Provides for the recovery
of paleontological data

Protects State endangered
species and subspecies
Protects historical values

Protects surface and
ground water

Provides for the general
supervision, measure-
ment, appropriation, and
distribution of State
waters

Programs include water sup-
ply and pollution; liquid
and solid wastes; air qual-
ity management; noise
control; occupational
health and safety

Requires submission of
plans, specifications, and
other information before
issuing a permit for the
building or modification
of any new source of air
pollution; requires that
coal-handling machinery
be equipped and haul
roads be sprayed to pre-
vent fugitive dust

Requires permits for full
range of protection on af-
fected areas; reclamation
plans and performance
standards consistent with
SMCRA

Reviews and issues permits

Requires mines on State
lands to notify the State
Department of Finance
and Administration, Office
of Cultural Affairs, if im-
portant fossils are found

May make certain lands off
limits to coal development

Regulates antiquities exca-
vation and collection; re-
quires data collection

Establishes and administers
a comprehensive water
quality program and de-
velops a continuing plan-
ning process, adopts
water quality standards,
certifies permits, issues
groundwater regulations
for surface and under-
ground mines

Reporting requirements for
any person drilling to a
depth of 10 feet or more
and finding a water body
or water-bearing stratum;
permitting requirements
for mine dewatering in a
declared underground
water basin

SOURCE: U.S. Department of the Interior, Bureau of Land Management, Federal Coal Management Program, Draft Environmental Impact Statement Supplement (Wash-

ington, DC: U.S. Government Printing Off Ice, 1985).
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Table 4-6.—North Dakota Legislation Affecting Coal Development

Lead State agency

Legislation

Purpose

Major relevance

Department of Health

Environmental Health and
Engineering Services

Environmental Control

Water Commission
—State Engineer

State Geologist

Land Commission

Public Service Commission

Air Pollution Control Act

Solid Waste Management
and Land Protection Act

Water Pollution Control
Act

Century Code (NDCC
23-25)

NDCC 23-29

NDCC 61-28

NDCC 61-04

NDCC 61-02, 61-16

NDCC 61-01

NDCC 38-121

NDCC 15-05

Surface Owners Protection
Act

NDCC 38-14

Facility Siting Act

Establishes and ad-
ministers air quality
standards

Establishes solid waste
disposal standards

Establishes and ad-
ministers water quality
standards

Protects air quality

Manages solid waste
disposal
Protects water quality

Administers water use

Administers water use

Administers water use

Provides for data recovery

Protects and administers
coal resources

Protects surface owner
rights

Regulates surface mining

Regulates facility siting

Requires a permit for any
plans to build, install,
modify, or use any air
contaminant source

Required to approve or dis-
approve permits for solid
waste disposal plans; en-
forces ND NSPS

Facilities must meet
standards

Provides means of prevent-
ing significant deteriora-
tion of air quality from
energy development; in-
volves review of applica-
tion for permit for new
facilities and monitoring
of operating facilities

Requires permits for solid
waste disposal facilities

Requires permit to dis-
charge mine water

Permits must be secured for
all water appropriations
greater than 5,000 acre-
feet for industrial uses

Permits must be secured
with the approval of the
local water management
district for building dikes
or dams for water storage
greater than 12.5 acre-feet

Permits must be obtained,
with approval of local
water management dis-
trict, for drainage

Requires a permit for coal
exploration and the filing
of exploration data

Responsible for leasing
State coal; coordinates
with Federal leasing to
prevent speculation

Requires approval by sur-
face owners before per-
mitting mining plans

Requires a permit for coal
surface mining and recla-
mation under regulatory
program consistent with
SMCRA

Requires certification of site
and corridor compatibility;
requires route permit for
transmission facility
within the corridor

SOURCE: US. Department of the Interior, Bureau of Land Management, Federal Coal Management Program, Draft Environment/ Impact Statement Supplement (Wash-
ington, DC: U.S. Government Printing Office, 1985).
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Table 4-7.—Wyoming Legislation Affecting Coal Development

Lead State agency

Legislation Purpose

Major relevance

Department of Environmen-
tal Quality
—Land Quality Division
—Water Quality Division
—Air Quality Division

Industrial Siting Adminis-
tration

Commissioner of Public
Lands

Land Use Administration

State Engineer

Protects land, air, and
water quality

Environmental Quality Act of

1973

—Land quality regulations

—Water quality standards

—Ambient air quality
regulations

—Solid waste
management regulations

Protects environment and
socioeconomic

Industrial Development In-
formation and Siting Act
of 1975

Protects and manages
State lands

Title 36

Protects and manages
State lands

Land Use Planning Act

Administers and protects
State waters

Industrial Development in-
formation and Siting Act

Requires permits and
licenses to mine upon ap-
proval of mining and
reclamation plan under
regulations consistent
with  SMCRA; permits for
coal mines after approval
of plans for monitoring
and controlling air pollu-
tion; permits to build
settling ponds and waste
water systems; NPDES
permits for mine dis-
charge; construction fill
permits and industrial
waste facility permits for
solid waste disposal for
coal mines

Requires extensive informa-
tion and permit before
powerplants and other
energy facilities can be
built

Responsible for administer-
ing, leasing, and manag-
ing State lands

Requires county land use
plans, which could con-
flict with or require
modification of some
energy development
proposals

Any storage, impoundment,
pipeline, diversion, or use
of surface or groundwater
for mining and coal
processing requires a
permit

SOURCE: U.S. Department of the Interior, Bureau of Land Management, Federal Coal Management Program, Draft Environmental Impact Statement Supplement (Wash-
ington, DC: U.S. Government Printing Office, 19S5).
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Chapter 5

Baseline and Monitoring Data

CHAPTER OVERVIEW

Overall, the quantity and quality of data col-
lected for reclamation planning have improved
dramatically since the passage of the Surface
Mining Control and Reclamation Act of 1977
(SMCRA). However, data-related problems still
place important limitations on both reclamation
in the field and the advancement of reclama-
tion science. First, data inadequacies still exist
for some aspects of reclamation. These usually
are the result of limitations in current state-of-
the-art data collection methodologies, rather
than operators’ failure to carry out the neces-
sary data collection.

In some cases, natural obstacles limit opera-
tors’ ability to collect reliable data on some pa-
rameters. The mobility and adaptability of wild-
life make it unlikely that highly reliable data
suitable for quantitative species population anal-
yses ever will be available. Similarly, infrequent
and unpredictable flow events in ephemeral
streams and extremely long spoil-aquifer recharge
times will limit the availability of these hydrologic
data in the West. These obstacles are unlikely
to be overcome soon and reclamation planning
will have to continue to adjust its methods to
the uncertainties in these areas.

We can reasonably expect other data inade-
guacies to be overcome soon. The lack of tech-
niques for generating chemical data about over-
burden is a serious limitation on the ability to
delineate overburden materials that may be
detrimental to revegetation or postmining water
quality. Operators are developing new sampling,
sample preparation, and laboratory techniques
so that they can identify unsuitable materials and
keep them out of reconstructed root zones and
postmining water tables as much as possible.

Second, the lack of coordination in data col-
lection is a serious obstacle to regional data
compilation and analysis. This is particularly
true in hydrology, for regional cumulative hy-
drologic impact assessments (CHIAS). The three

CHIAS completed to date on Western mining
areas uncovered serious, but not prohibitive, data
inadequacies. To be valid in the quantitative
models used for these mandatory assessments of
regional impacts, hydrologic data must be col-
lected at the same time and with the same meth-
ods. Initial steps are being made toward the nec-
essary standardization, but coordination of data
collection efforts remains the exception rather
than the rule.

The lack of standardized methodologies for
collection of some data seriously limits their use-
fulness. The lack of standardized surface water
quality collection methods, especially for ephem-
eral streams, limits the usefulness of these data
in determinations of the probable hydrologic con-
sequences (PHC) of mining, as well as in CHIAs.
As discussed in chapter 7, this data gap also
makes it difficult to apply hydrologic performance
standards.

Wildlife is another discipline for which stand-
ardized data-collection methodologies are lack-
ing. Wildlife baseline studies now emphasize the
description and delineation of habitats, rather
than data collection about animal populations.
But standard methodologies for the quantitative
characterization of the various physical and flo-
ral features of wildlife habitat are not available.
Development of such methodologies is necessary
for assessing wildlife impacts and designing mit-
igation measures. Standardization is particularly
important for wildlife data of regional concern—
as large mammal, raptor, and bird data are—
because such data have many potential users.

A third, and equally important, concern is that
the quantity of data being collected has created
serious data management problems for both
regulatory authorities and operators. Data col-
lection often outpaces analysis in the current
reclamation permitting and monitoring process.
It is not uncommon for regulatory authorities to
require data to be collected and submitted, but
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to have insufficient time and other resources to
analyze or review it. Also, data frequently are
presented in a format that contributes to data
management problems. Except for more recent
permits in Wyoming and Colorado, there is no
standard format for the applications. This makes
it difficult for potential outside users to find in-
formation.

In part due to these data management prob-
lems, and in part due to limited regulatory au-
thority resources, monitoring data are not used
consistently or effectively. These data must be
collected so that both operators and regulators
will know how reclamation is progressing and
what changes are needed in the mining and recla-
mation plan. In many areas, however, the col-
lection of monitoring data has become perfunc-
tory. Only in Wyoming has the regular review
of monitoring data become part of the State’s an-
nual permit review process. Even there, person-
nel are not available to analyze all monitoring
data the operators submit. In addition, monitor-
ing data are rarely accessible by computer, or
even indexed, and therefore are very difficult to
review.

OTA was unable to determine whether all
baseline and monitoring data collected are nec-
essary, or whether all necessary data are being
collected. We did find, however, that data col-

lection requirements usually are not derived
from any systematic examination of data uses
in the reclamation planning and evaluation
processes. Except for wildlife data, there is no
“scoping” process (similar to the process used
to support an environmental impact statement)
to identify necessary data. Furthermore, in some
disciplines or jurisdictions, these requirements
have not been reviewed or updated since ap-
proval of the initial regulatory programs. Since
that time, operators and regulators have learned
a great deal about what data are actually needed
and used to plan and evaluate reclamation—
lessons that may not be reflected in data re-
quirements.

OTA did not find redundancy in data collec-
tion to be a significant problem within the mine
permitting process. Data needed for permit ap-
plications are site-specific. Thus, data collected
for other mine sites rarely provide more than
background information for permit applicants
and regulatory authorities. As mining in the West
expands and the amount of permit data avail-
able grows, however, Federal agencies and re-
search groups may find themselves repeating the
data collection efforts of permit applicants if the
data in permit applications are not made more
accessible and useful.

BASELINE AND MONITORING DATA:
USES AND COLLECTION REQUIREMENTS

Data on surface and groundwater hydrology,
geology, soils, overburden, vegetation, wildlife,
and other mine-site features and resources form
the foundation of all reclamation planning and
evaluation. These data may be divided into two
broad categories. Operators collect baseline data
before mining to aid in the formulation of the
mining and reclamation plan that is submitted as
part of the permit application package. Baseline
data enable the operator to predict the impacts
of mining and to define the postmining land use. ’

1|f mining began before implementation of the Federal and State
regulatory programs under SMCRA, mines had to be repermitted
under those programs, and operators usually undertook baseline

Operators collect monitoring data during and af-
ter mining and reclamation to track the impacts
of mining and judge the success of reclamation,
and to refine the mining and reclamation plan
if necessary. Without enough valid baseline data,
the techniques used to analyze the data will pro-
duce unreliable and misleading results. Without
sufficient valid monitoring data, the success of
reclamation cannot be evaluated.

studies soon after SMCRA was approved to support repermitting.
Many of the case studies presented in vol. 2 describe older mines
where baseline studies postdate the beginning of mining. See, for
example wildlife case studies D and H, soils case D. But also note
hydrology cases 3.7 and 3.18, where monitoring began before
SMCRA.
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This chapter surveys data collected for or used
in reclamation planning and evaluation, with em-
phasis on data management, and data gaps or the
collection of unnecessary data. The chapter re-
views and compares regulatory requirements for
data collection, both at the Federal level and
within the five States in the study area. It identi-
fies methods used to collect the required data and
discusses the relative merits of and limitations of
the various methods. Special attention is paid to
disciplines in which good data are not being col-
lected, either because current collection meth-
ods are inadequate or are not standardized, or
because there are natural obstacles to the devel-
opment of collection methods. Because this study
was prompted in part by a criticism that much
of the data collected at great expense are not
used, or are not used optimally, special attention
is also given to more efficient use and better ac-
cessibility of data.

Data collection methods and data-related
problems are radically different in each of the
reclamation disciplines. Hydrology is a highly
quantitative discipline in which vast amounts of
numerical data are collected and managed. Large
quantities of numerical overburden data also are
collected, but their analysis is a very young sci-
ence and not all of the necessary techniques have
been fully developed. Wildlife biology is a less
quantitative discipline in which the mobility and
natural variability of wildlife populations limits the

ability to collect valid numerical data. Therefore,
relatively few quantitative wildlife data are col-
lected and their meaning is subject to varying
professional interpretations. Vegetation science
and data collection techniques are, by contrast,
well established. Operators (and others) use so
many different techniques for collecting each
type of vegetation data, however, that aggrega-
tion of data for regional analyses is almost im-
possible.

Data collection requirements for each disci-
pline are almost entirely State requirements,
based on the general guidelines established in
SMCRA and the Federal regulations (see ch. 4).
Thus, baseline and monitoring data requirements
vary with the different environments, prevalent
postmining land uses, and other concerns pecu-
liar to each State. Some State requirements for
some disciplines have changed since the Federal
permanent regulatory program was first promul-
gated in 1979, and they are still changing. At the
time of this writing, Montana and Colorado are
revising their regulations and guidelines (7). The
Montana and Colorado requirements discussed
here are those in force as of April 1985. It should
also be noted that a number of these regulations,
including requirements for the scope of hydro-
logic data for PHC determinations and CHIAS,
were challenged successfully in Federal court and
must be rewritten by the Office of Surface Min-
ing (OSM) and the States (see ch. 4, box 4-C).

SOURCES OF DATA

The surface mining and reclamation permitting
and evaluation processes outlined in chapters 4
and 7 are very data intensive, and permit appli-
cants and regulatory authorities turn to a wide
range of data sources to meet SMCRA'’S data col-
lection requirements. As companies first begin
to prepare a mining and reclamation plan, they
compile data available in the published literature
or in the files of various Federal and State agen-
cies. These data are then supplemented with site-
specific field data collected to support the per-
mit application package. Data collected by the
operators during mining and reclamation moni-
tor the progress of reclamation and serve as the
basis for evaluating reclamation success.

Data Collected Outside of
the Permitting Process

in fulfilling data requirements for surface min-
ing permits, operators naturally turn first to ex-
isting sources of data. The U.S. Geological Sur-
vey (USGS), the Bureau of Land Management
(B LM),’the U.S. Fish and Wildlife Service (Fws),
the Soil Conservation Service (SCS), State fish and
game and other agencies, university researchers,
and many other groups collect data on the soils,
geology, hydrology, vegetation, wildlife, and

2BLM’s Energy Mineral Rehabilitation Inventory and Analysis
(EMRIA) reports maybe particularly helpful as general compendia
of data on all resources on a particular lease tract; see ch. 9.
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other resources of the Western coal regions for
their own purposes. These data may also be use-
ful in planning surface mine reclamation. in addi-
tion, the data in the permit application for one
surface mine may be helpful in permitting at
nearby mine sites. Making maximum use of such
sources of data is in everyone’s interest. It saves
time and money for operators and contributes
to the efficiency of the permitting process.

However, data collected outside the permit-
ting process will not meet all of the requirements
for the permit application package, and their
usefulness to applicants varies. Sometimes data
may be directly useful and operators may even
include them in permit applications. These in-
clude USGS geologic and hydrologic data and
SCS soils data, although even these usually must
be augmented to meet State requirements for site-
specific data. Other data, such as most of the
available vegetation and wildlife data, are help-
ful only as the most general background infor-
mation, but may provide a starting point and
guide for an operator’s own data collection
efforts.

There are several reasons that data collected
for other purposes are of limited usefulness to
permit applicants. First, the intensity and areal
extent of the data rarely are compatible with
permit requirements. Most regional data are too
few over too large an area to fulfill permitting re-
quirements. They can, however, give a prelimi-
nary profile of the mine site and surrounding area,
and thus may highlight potential reclamation
problems or other factors that need special at-
tention in site-specific data collection and anal-
ysis. Conversely, data from academic or inde-
pendent research projects are often too intense
over too small an area to be directly useful as per-
mitting data.

Second, quality control problems exist with
many of these data. They may have been col-
lected improperly or with techniques not ap-
proved by the regulatory authority. Third, the
data may be inaccessible. Some data are propri-
etary (e.g., exploration data on coal resources
submitted to BLM and OSM). Other data are sim-
ply in unmanageable formats. Accessibility limits
the usefulness of most available data to at least
some degree. Few of the existing data related to

surface mining are accessible by computer; most
have not been published. Perhaps the best ex-
ample of valuable but relatively inaccessible data
are the permit applications, themselves (see box
5-A).

Collection of Site-Specific Data
by Operators

Despite their limitations, data collected outside
the permitting process often allow permit appli-
cants to make a preliminary outline of a mining
and reclamation plan. Using this first, very rough
plan, an applicant can identify data needs for per-
mitting and reclamation planning more precisely,
and thus can design more intensive, site-specific,
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Figure 5-1 .-A Conceptual Approach to Hydrogeologic Investigations
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SOURCE: National Research Council, Coal Mining and Ground-Water Resources in the United States (Washing-

ton, DC: National Academy Press, 1981) p. 153,

data collection programs. As these site-specific
data are collected for permitting, the mining and
reclamation plan is continually refined. This
refinement continues after the onset of mining,
as monitoring data yield additional information
that is incorporated into the plan. Figure 5-1 il-
lustrates this refinement process for hydrogeol-
ogy; the process in other disciplines is similar.

A common, and sometimes unavoidable,
shortcoming of baseline studies is that they pro-
vide only a snapshot of premining conditions
over a narrow period of time. The narrow tem-
poral focus of baseline data can be particularly
problematic in assessing hydrology, vegetation,
and wildlife, which may vary greatly over time
with climatic and other conditions or natural suc-

cession processes. Mining impacts and reclama-
tion success can only be evaluated if some idea
of the range of natural variation in these dis-
ciplines has been established in the baseline
surveys.

In some instances, data collection over the time
required to document the full range of this natu-
ral variation is impractical. For example, for
obvious statistical reasons, baseline studies are
unlikely to document a 25-year, 24-hour flow
event in an ephemeral stream. Similarly, base-
line studies are unlikely to document either the
natural vegetative succession on the site or the
effects of long-term climatic cycles, Other signif-
icant variations over shorter periods of time, par-
ticularly seasonal variations, can and should be
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documented with baseline data, however. Ways
of compensating for lack of actual data on long-
term variations are discussed in chapter 6.

As with baseline data, monitoring data must be
collected over sufficient periods of time to ac-
count for the range of natural and seasonal vari-
ations. Some amount of monitoring is mandated
under the regulatory programs and/or stipulated

SOILS AND

Data Requirements

State and Federal data collection requirements
for soils and overburden are summarized in ta-
ble s-. All five States require a soil map at about
the same scale, and Montana, New Mexico, and
Wyoming describe the level of detail of required
mapping in their guidelines. The minimum size
of soil units that must be mapped varies from 0.5
to 2 acres. Soil sampling, which is important in
the characterization of soil chemistry, varies from
one to six profiles required per mapped unit. Re-
quirements for chemical and other analyses of
samples differ somewhat, but all States require
analyses for pH, electrical conductivity (EC),
moisture content saturation (Sat percent), sodium
adsorption ratio (SAR), and texture.

Four of the five States require geologic maps
showing both coal croplines and dip. All five re-
quire cross-sections showing the seam(s) to be
mined, any thin seams above or below the coal
to be mined (“rider” seams), and the underbur-
den (see fig. 5-7, below). All five States also re-
quire lithologic logs of overburden drilling, but
only North Dakota requires geophysical logs.

All of the States studied except North Dakota
have guideline suggestions for chemical analy-
ses of selenium, boron, and acid-base potential.’
Each of these four States also defines, in rules or
guidelines, required trace element tests. Wyo-
ming did require quality assurance samples for

3Unless otherwise indicated, the material in this section is adapted
from reference 13.

‘Mines in the Fort Union region of North Dakota may have highly
sodic clays in the overburden, but the requirement for 4 feet of
suitable cover over all spoils in that State is considered sufficient
to protect the root zone.

by regulatory authorities in permit approvals.
Also, operators often undertake monitoring pro-
grams on their own initiative to help them plan
their operations and identify any reclamation
problems early, when correction of those prob-
lems may still be relatively simple and inex-
pensive.

OVERBURDEN

overburden analytical work so that analyses could
be spot-checked and verified by another lab, but
recently rescinded this requirement.

All five States require the identification of po-
tentially acid-, alkaline-, and toxic-forming zones
of overburden that may adversely affect revege-
tation or postmining water quality, but only in
Wyoming do the cross-sections have to show
these zones. These cross-sections can be difficult
to prepare because the zones may not occur in
predictable, mappable units. Also, the scale of
cross-sections is so large relative to the scope of
potentially deleterious zones that the zones do
not appear (see ch. 6).

Overburden drilling is the method used to char-
acterize overburden and to determine the loca-
tion and extent of deleterious strata. Required in-
tensity for overburden drill holes ranges from one
hole per 40 acres in Montana, North Dakota, and
Wyoming, to one hole per 640 acres in Colorado.
The changes in lithology and geochemistry over
short distances in many of the Western coal re-
gions, particularly the Powder River basin, have
spurred considerable debate about whether
higher intensity drilling results in more accurate
overburden characterization. Available data
suggest that the accuracy of unsuitability charac-
terization is not much better at one hole per 40
acres than at one hole per 640 acres. One study
found that an extremely high (and very expen-
sive) intensity of 195-foot spacing between drill
holes (or slightly over one hole per acre) would
be required to predict the occurrence of dele-
terious strata in overburden with 80 to 90 per-
cent accuracy (4). Not all mine sites are so geo-
logically variable, however, and, at those that are,
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Table 5-1.—Selected Requirements for Baseline Studies From Regulations and Guidelines—Cor[nin

Federal Colorado Montana New Mexico North Dakota Wyoming
(30 CFR 700.1 (MLRD 1981 and (DSL 1980 and (MMD 1980 and (NDPSC 1983 and (WDEQ 1980 and
Item 1984) MLRD 1983) DSL 1983) MMD 7984) NDPSC 1984) WDEQ 1984)
Lithologic logs yes (R-780.22) yes (R-2.04.6) yes (G-l 1I, C.31) yes (R-8-14) yes (R-69-05.2-08-05)  yes (G-11)

Geophysical logs

not specified not specified not specified

not specified

yes (R-69-05.2-08-05)

1 geophysical log/1,000
ft (G-11,B)

Identify acid and tox- yes (R-780.22) yes (R-2.04.6) yes (R-26.4.304)  yes (R-8-14) 1.304) yes (R-8-14) yes (R-69-0!
ic forming strata

ESP, SAR not addressed SAR (G-table 3.A) ESP, SAR SAR (G) SAR (R-69-05.2-08-05) SAR (G-appendix 1)
Se, B not addressed Se, B (G-table 3.A) Se, B (G-111 D.5) Se, B (G) not addressed Se, B (G-appendix 1)
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table 3. A)) D.5)
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Trace elements
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Fe, Mn, Cu, Hg,
Zn (G-table 3.A))
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Co, Cu, Cn, Fe, Pb,

Hg, No, Ni, Ag, So-4,

U, V, Zn, Ra-226,
Ra-228 (R-8-14) Mo,
Cu, (G)

not addressed

As, Mo (G-appendix 1)

aR—denote~ topic addressed in regulations and the numbers following designate where it i discussed.

bGg—denotes toPIC addressed i, guidelines andthe numbers following designate where it is discussed. The Montana Guideline hasrecently been rescinded.

SOURCE: James P. Walsh & Associates, “Soil and Overburden Management in Western Surface Coal Mine Reclamation,” contractor report to OTA, August 1985.
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economically realistic driling intensities can at
least identify parameters of concern and indicate
areas where more intensive drilling might be
appropriate.

The sampling densities needed for adequate
postmining spoils monitoring also are in dispute.
The Wyoming Department of Environmental
Quality has recently begun to investigate the sta-
tistical basis for required sampling densities (both
vertical and horizontal) on regraded spoils to en-
sure the adequate delineation of unsuitable ma-
terial (18). An analysis of regraded spoil data from
one mine concluded that, to distinguish ade-
quately between 6-acre parcels with 95 percent
confidence, approximately three to five samples
were needed for an adequate description of their
differences in pH, salinity, and Sat percent (two
samples at 80 percent confidence). Six-acre par-
cels could not be distinguished from one another
when analyzing for acid-base potential. Similar
analyses may be required for the parameters of
concern at every mine to determine adequate
sample densities for regraded spoils.

Sources of Previously Collected Data

Soil Conservation Service Soil Survey Reports
are available for most of the coal fields and are
used almost universally as the starting point for
more intensive soil inventories on the mine site.
The SCS data are collected according to a uni-
form National Cooperative Soil Surveys method-
ology. The reports include soil maps, descriptions
of map units, soil series descriptions, typical
pedon descriptions, s soil classifications, and
limited chemical and physical data and interpre-
tations. SCS soil surveys can be of five different
orders, with first order surveys being the most
detailed. Table 5-2 shows the criteria used for the
different orders of surveys. Surveys available for
potential mining sites are usually order two for
cropland and order three for rangeland.

The U.S. Geological Survey is probably the
most common source of background geologic
data on regional geology, stratigraphy, and lithol-
ogy, Data are readily available for virtually all coal

5.pedon is a three-dimensional body of soil with lateral dimen-
sions large enough to permit the study of soil horizon shapes and
relations; its area ranges from 1 to 10 square meters.

regions. The quality of the published information
is very high but the compilation and publication
process is extremely slow. Open-file reports are
available for projects in progress.

Data Collection by Operators

Because soils and overburden do not vary with
seasonal and climatic changes, the data are not
time-dependent and could be collected all at
once. As a practical matter, however, both sets
of data are collected in stages to optimize infor-
mation gathering at reasonable cost. After exam-
ining the available SCS and USGS data, opera-
tors formulate a baseline data-collection program
in consultation with the regulatory authority, and
then collect the data according to methods de-
scribed below. Using the baseline data, opera-
tors identify potentially unsuitable areas on their
site. These areas receive special attention in sub-
sequent sampling and sample analysis.

Unsuitability is more of a concern with over-
burden than with soil because the disturbance
and consequent exposure of overburden to the
surface environment causes physical changes as
well as chemical reactions from oxidation and
leaching. Yet data on the potential for such re-
actions are difficult to collect because the over-
burden is buried and because unsuitable mate-
rials may only occur in very isolated pockets.
Soils, on the other hand, usually are more nearly
i n chemical equilibrium with the surface environ-
ment. While disturbance of soils prompts new
chemical reactions, soil material has already been
oxidized and leached. Therefore, such reactions
in soils are unlikely to pose as much of a poten-
tial threat to the success of reclamation as, for
example, oxidation of pyrites in overburden.
Moreover, soils are easily observable and acces-
sible, so unsuitable materials are relatively easy
to delineate.

Soil baseline studies begin with a site-specific
soil inventory, usually more detailed than the
available SCS soil surveys. The intensity of inven-
tories varies among States and mines, but most
are detailed order two or general order one (see
table 5-2). Scales for soil maps range from 1 inch
equals 400 feet (1:4800) to 1 inch equals 800 feet
(1:9600), as per State guidelines. The inventories
typically include soil maps (fig. 5-2), map unit



Table 5-2.—Key for Identifying Kinds of Soil Surveys

Minimum Appropriate
Level of size Typical scales for Kind of
data delineation components field mapping soil
needed Field procedures hectares® of map units Kinds of map units’ and publication survey
Very intensive The soils in each delineation are 1 orless Phases of soil Mostly consociations, 1:15,640 or larger 1st order
(i.e., experi- identified by transecting or travers- series, miscella- some complexes
mental plots, ing. Soil boundaries are observed neous areas
individual throughout their length. Remotely
building sites) sensed data is used as an aid in
boundary delineation.
Intensive (i.e., The soils in each delineation are 0.6to 4 Phases of soil Consociations and com-  1:12,000 to 2nd order
general agri- identified by transecting or travers- series; miscella- plexes; some un- 1:31,660
culture, urban ing. Soil boundaries are plotted by neous areas; few differentiated and
planning) observation and interpretation of re- named at a level associated
motely sensed data. Boundaries are above the series
verified at closely spaced intervals.
Extensive (i.e., The soils are identified by transect- 1.6 to 256 Phases of soll Mostly associations or 1:20,000 to 3rd order
rangeland, ing representative areas with some series and levels complexes; some con- 1:250,000
forestland, additional observations. Boundaries above the series; sociations and un-
community are plotted mostly by interpretation miscellaneous differentiated groups
planning) of remotely sensed data and veri- areas
fied with some observations.
Extensive (i.e., The soils are identified by transect- 40 to 4,000 Phases of levels Mostly associations; 1:1 00,0000 4th order
regional ing representative areas to deter- above the series; some consociations, 1:1,000,000
planning) mine soil patterns and composition miscellaneous complexes, and undif-
of map units. Boundaries are plot- areas; phases ferentiated groups
ted by interpretation of remotely
sensed data.
Very extensive  The soil patterns and composition 1,000 to Phases of levels Associations; some 1:500, 000 to 5th order
(i.e., selections of map units are determined by 4,000 above the series; consociations and un- 1:1,000,000 or
of areas for mapping representative areas and miscellaneous differentiated groups smaller

more intensive
study)

applying the information to like
areas by interpretation of remotely
sensed ‘data. Soils are verified by-
occasional onsite investigation or
by traversing.

areas

aThig is about the smallest delineation allowable for readable soil maps. In practice, the minimum size delineations are generally larger than the minimum Size shown.
bWhete applicable, all kinds of map units {(consociations, complex, association, undifferentiated) can be used in any order of soil survey, end they are not identified as a particular order of map unit.
SOURCE: Soil Conservation Service.
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22s
22N
32
41

55
65
75
82
107
107N
117N
121
146
205
217
217C
225
237
247
247N
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257C
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267N
295
297
307N
315
315C
317
325
405
405P
407
415
415N
417
505
505P
515
100
200

SL
CUT

Figure 5-2.—Soil Map Legend and Portion of Soil Map

Soil classification legend

Kim clay loam

Kimsal clay loam

Nonkim clay loam

Limon clay loam
Samsil-Louviers complex
Single-shake complex
Thedalund loam

Wibaux channery loam
Reno clay loam

Tassle fine sandy loam
Lessat fine sandy loam
Embry fine sandy loam
Nomil clay

Dillingson very fine sandy loam
Cushman loam

Donkey fine sandy loam
Donkman fine sandy loam
Fort Collins loam
Maysdorf fine sandy loam
Olney fine sandy loam
Yenlo fine sandy loam
Pugsley fine sandy loam
Pugman fine sandy loam
Renohill loam

Renohill fine sandy loam
Rencalson fine sandy loam
UIm loam

Ulm fine sandy loam
Vonson fine sandy loam
Thunder loam

Worfka loam

Thunder fine sandy loam
Worf loam

Abstinate loam

Abstinate loam, ponded phase
Abstinate fine sandy loam
Absted loam

Abman loam

Absted fine sandy loam
Bidman loam

Bidman loam, ponded phase
Briggsdale loam

Shallow entisols

Porcelinite outcrops and
very shallow soils

Rockland, sedimentary rock
Structural cuts and fills

Sampling locations
soil profile description locations

Reservoir

Scale 1“ = 1000’

SOURCE: ELM District Office, Casper, WY, personal communication
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descriptions (fig. 5-3), series descriptions, pedon
descriptions (fig. 5-4), and a map legend.

One minor shortcoming was common in the
soil surveys included in the permit applications
OTA reviewed. Typically up to three soil phases
made up most of each map unit with one or two
other phases being minor inclusions. However,
rarely did the application include an estimate
of the percentage of the unit constituted by each
major component and each inclusion. This
omission would affect the accuracy of any vol-
ume calculation made from the soil survey be-
cause the various inclusions have different strip-
ping depths.

Following the survey, soils are sampled for lab-
oratory analysis of their chemical composition.
Sampling intensity varies and in several States is
specified by guidelines or regulations. Most often

Figure 5-3.—Example of a Soil Map Unit Description

125—Armolls channery sandy loam, 20 to 35 percent slopes

These are deep, welldrained soils on ridges and sideslopes
throughout the permit area at elevations of 3,200 to 3,450 feet.
They developed in residuum weathered from fractured Fort
Union sandstone. Average annual precipitation ranges from
13 to 19 inches, and the frost-free season is typically 110 to
125 days. Mean annual soil temperature ranges from 42 to
46° F. Slopes are moderately steep to steep.

Typically the surface layer is brown or reddish brown cal-
careous channery sandy loam about 4 inches thick. The upper
part of the substratum is brown or reddish brown calcare-
ous very channery sandy loam about 8 inches thick. The lower
part of the substratum is reddish yellow calcareous very chan-
nery sandy loam to depths of 60 inches or more. In some pro-
files the surface layer is leached of calcium carbonates.
Coarse fragments comprise 35 to 75 percent of the soil, by
volume. The unit is typical of the series.

Permeability is moderately rapid. The available water hold-
ing capacity is low. Effective rooting depth is 60 inches or
more. Surface runoff is medium and the erosion hazard is
slight from wind and water. The unit is in pine woodland with
an understory of native range.

Land Capability Classification: Vs
Topsoil Suitability

This unit is unsuited to use as a source of topsoil because
of its high content of coarse fragments.

Prime Farmland Considerations

The Armolls soil falls outside the scope of prime farmland
criteria on the basis of its steep slopes, arid moisture regime,
and stoniness.

Post-Mining Erosion Hazards

Depending on the size and amount of coarse fragments,
this soil may be spread over a wide area, which would es-
sentially eliminate the hazard of erosion from this material.
More probably, the material should be buried during grading.
SOURCE: James P. Walsh & Associates, “Soil and Overburden Management in

Western Surface Coal Mine Reclamation, " contractor report to OTA,
August 1985,

Figure 5-4.—Example of a Soil Pedon Description

NELAR SERIES

Classification: Entic Haplustoll-coarse-loamy, mixed, mesic
family.

Location: Sec. 11 T9S R40E 400 feet north and 150 feet east
of W1/4 corner in road cut.

Profile Description: Nelar loam.

A, Reddish brown (5yr4/4 when dry) light loam; dark red-
dish brown (5yr3/4 when moist); moderate fine and
very fine granular structure; soft when dry; very fria-
ble when moist; nonsticky and nonplastic when wet;
few flat fragments.
ca 8-36" Light reddish brown (5yr6/3 when dry) light
loam; reddish brown (5yr4/3 when moist); weak
coarse prismatic structure; slightly hard when dry;
very friable when moist; nonsticky and nonplastic
when wet; very strong effervescence with a few
threads of lime; few lime coated angular fragments.

C2 36-80" Reddish brown (5yr5/4 when dry) light loam

and fine sandy loam; reddish brown (5yr4/4 when
moist); massive; soft when dry; very friable when
moist; nonsticky and nonplastic when wet; strong ef-
fervescence; few lime coated angular fragments.

Range in Characteristics: The texture of control section
is loam or sandy loam with less than 12 percent clay and less
than 15 percent by volume of angular fragments. Bedrock is
typically deeper than 5 feet but can occur above this depth
in some profiles. The sandy loam substratum can occur at
any depth below 30 inches. In places a very weakly expressed
B2 horizon is present.

Colors are in hues redder than 7.5yr.

SOURCE: James P. Walsh & Associates, ‘(Soil and Overburden Management in

Western Surface Coal Mine Reclamation,” contractor report to OTA,
August 1985.

between one and three vertical profiles of the soil
are taken in each type of mapped unit. The pro-
files are then sampled by horizon, usually with
more detailed sampling in the upper horizons.
Samples are tested for a fairly standard set of agro-
nomic properties that typically includes pH; EC;
SAR; Sat percent; percent organic matter (OM);
and percent sand, silt, and clay. Tests for trace
elements, boron (B) and selenium (Se), are often
run on salty soils. Tests for nutrient elements such
as nitrogen, phosphorus, and potassium (N, P,
and K) also may be run during baseline studies,
although they are more useful if run prior to
reseeding. Standard procedures for all of these
tests have been published by the U.S. Depart-
ment of Agriculture (USDA) (1 1). Even using
standard techniques, however, variations in the
results of the same test on the same sample run
by different labs can be significant for some
chemical parameters. b

6See reference 13, table 4.2-1 which summarizes some results

of round-robin soils tests conducted by the Montana DSL; see also
reference 2. The USGS has conducted similar tests recently with
similar results (10).
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Additional soils data are collected to plan soil
handling in order to optimize stripping depths
and maximize soil recovery. In rare instances,
such additional data are superfluous (e.g., in parts
of New Mexico there is no suitable topsoil). How-
ever, in much of the West, 100 percent topsoil
recovery is a major concern. In these areas, fol-
lowing baseline studies but before the onset of
mining, transects (narrow belts) are used to re-
fine soil classifications and stripping depths. The
soil is then staked at close spacings (every 200
feet is common) with markings on each stake in-
dicating the stripping depth at that particular spot.
At larger operations, a soil scientist may assist the
scraper operator to ensure maximum topsoil re-
covery. Many mines (particularly in Wyoming)
are required to maintain “budgets” of their to-
tal soil volume. In Wyoming and North Dakota,
operators commonly demonstrate full topsoil re-
covery to the regulatory authority by leaving pil-
lars of topsoil at specified intervals.

Overburden baseline studies center around
the overburden drilling and sampling require-
ments in the five States. Required spacing of drill-
holes ranges from one hole per 40 acres to one
hole per 640 acres. Holes generally must be sam-
pled at 5- to 10-foot intervals through the over-
burden. Samples may be collected either from
the cuttings from rotary drill holes or from con-
tinuous core samples. Rotary drilling is a some-
what crude method of collecting samples as there
is some mixing of cuttings as they rise in the hole.
The alternative, coring, is much more expensive.
Therefore, it is rarely used for overburden charac-
terization beyond the initial baseline study, for
which some core samples may be required (e.g.,
in Wyoming). Overburden samples collected at
later stages, during developmental and blasthole
driling, are all from rotary drill holes,

For overburden, these additional samples are
first collected during developmental driling,
which usually precedes the path of mining by
about 5 years. Developmental drill holes are more
closely spaced than baseline holes; operators use
them to refine coal seam maps. If an initial base-
line drillhole indicates the potential for unsuit-
able material, developmental drill holes may be
sampled around the baseline hole. if the extent
of the material is still not clear or if further infor-

mation is needed, additional overburden samples
may be taken during the drilling of closely spaced
blastholes (used to loosen the overburden imme-
diately before mining). Even this progressively
more intensive data collection may only satisfac-
torily delineate deleterious material that occurs
in contiguous, mappable strata, usually of carbo-
naceous shales or pyritic sandstones. The occur-
rence of isolated pods of undesirable material,
usually containing high levels of trace metals such
as arsenic or boron, cannot be mapped with any
economically reasonable density of drill holes (see
ch. 6).

Sample contamination from pipe grease and
driling fluids has been a problem in both coring
and rotary drilling. Depending on the nature of
the contamination, it may be easy to spot (as in
fig. 5-s, where high lead concentrations were re-
ported at regular 20-foot intervals over the length
of the drill stem). In other cases, contamination
is more difficult to detect (see box 5-B). Oxida-
tion of overburden samples also can affect the
lab test results, but is usually only a problem
when samples have been stored for long periods,
for example when samples taken before 1977 are
tested for the parameters now required under
SMCRA regulations.

A geologist compiles a lithologic log for each
drill hole either from the core, from cuttings col-
lected onsite, or from the driller’s logs. Figure
5-6 is an example of a page from a typical litho-
logic log. Western lithologic descriptions are not
standardized, and in some of the permit appli-
cations reviewed by OTA, lithologic descriptions
were sketchy, with one word descriptions of rock
types such as “shale” or “sandstone.” The de-
velopers of a standardized rocktype key for the
Eastern United States (6) recently published a sim-
ilar lithologic key for Western coal overburden
(5). This key standardizes lithologic descriptions
and reduces each standard type to a numerical
code. This facilitates compilation of overburden
databases and use of the growing variety of over-
burden software programs.

After a hole has been drilled, a variety of probes
are lowered down into it to develop a geophysi-
cal log. These probes measure parameters such
as electrical conductivity and resistivity, natural
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Figure 5-6.—Example of a Geologic Log

MINE NAME: BED: HOLE NO:
COUNTY: STATE: ____ SEC. ___ TWP. RG.
DRILLER: DATE: EL.
Page of
Total Thickness Sub- Composite
Ft. & I0ths Ft. & I0ths sample sample
0 Siltstone, light gray, sandy 10 0
10 0 Sandstone, very fine grained, yellow, silty, 5 6
< 100 carbonaceous
15 6 Shale, light gray-yellow, sandy, limonite stained, 7 1
< 10°/0 carbonaceous
22 7 Sandstone, very fine-fine grained, buff, slightly 2 9
calcareous
25 6 Shale, buff-gray, limonite stained, gypsum, ¢ 10°/0 3 9
carbonaceous
29 5 Sandstone, very fine-fine grained tan 2
29 7 Shale, gray, < 10% carbonaceous, limonite stained 4 9
34 6 Sandstone, very fine grained, tan, slightly calcareous, 5 6
shaley
40 2 Limestone, light gray, < 10% carbonaceous 1 2
41 4 Sandstone, very fine grained, tan, calcareous, < 10% 4 4
carbonaceous, shaley
45 8 Shale, gray, sandy, > 10% carbonaceous 2 7
48 5 Carbonaceous shale, w/coal, pyritic 2
48 7 Shale, gray, sandy, < 10°/0 carbonaceous 1 3
60 0 Sandstone, very fine grained, gray, slightly calcareous, 21 8
shaley, ¢ 10°/0 carbonaceous
81 8 Shale, gray, > 10°/0 carbonaceous 1 8
83 6 Sandstone, very fine grained, light gray, shaley, 13 3
calcareous, < 10% carbonaceous
96 9 Shale, gray, sandy, < 10°/0 carbonaceous 29 6
126 5 Sandstone, very fine-fine grained, light gray, < 10°/0 4 0
carbonaceous, w/shale stringers
130 5 Shale, gray, sandy 2 0
132 5 Sandstone, very fine-fine grained, salt & pepper, shaley, 1 0
< 10% carbonaceous
133 5 Shale, gray, sandy, < I0% carbonaceous 14 2
147 7 Sandstone, very fine-reed. grained, salt & pepper, 5 4
< 10% carbonaceous, shaley
153 1 Shale, gray, < 10% carbonaceous 1 6
154 7 Coal, pyritic 1 9
156 6 Coal 0
160 6 Bone coal 3
160 9 Coal, pyritic 2 1
163 0 Carbonaceous shale, w/coal strands 2
163 2 Coal 1 1
164 3 Carbonaceous shale 2
164 5 Coal, pyritic 1 1
165 6 Carbonaceous shale 1
165 7 Coal, pyritic 13 7
179 4 Carbonaceous shale, w/coal, pyritic 2
179 6 Coal 9
180 5 Carbonaceous shale 8

SOURCE: James P. Walsh & Associates, “SOil and Overburden Management in Western Surface Coal Mine Reclamation,” contractor report to OTA, August 1985.
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gamma radiation, and density as determined from
induced neutron radiation. A geologist then at-
tempts to correlate data from the lithologic and
geophysical logs across the distance between
drillholes and so draw the geologic maps and
cross-sections required by most States. The level
of detail in these maps is highly variable. Geo-
logic cross-sections usually show topography,
coal seam(s) to be mined, easily recognizable
overlying strata (e.g., coaly or carbonaceous
zones and large sand bodies), and the underlying
stratum. Figure 5-7 shows one of the better geo-
logic cross-sections from the permit applications
reviewed by OTA.

Samples taken from drillholes are also tested
for d variety of geochemical parameters that may
adversely effect revegetation and postmining
water quality. Typically these include pH, salin-
ity, SAR and/or exchangeable sodium percent,
texture, Sat percent, and concentrations of a va-
riety of trace elements such as selenium and
boron. Where acid formation in overburden is
considered a potential problem, these samples

also might be tested for acid-base potential (see
ch. 8). Many of the lab tests currently used for
these purposes were borrowed directly from soil
science, and experience in recent yeatrs is cail-
ing into question the validity of these tests when
applied to overburden. Unlike soils, overburden
typically is not oxidized (except in near-surface
strata) and so is not in chemical equilibrium with
the surface environment. Furthermore, soils are
soft and friable and extracts for analysis can be
taken readily. Overburden, however, generally
is in the form of rock that must be ground be-
fore testing, and the amount of grinding affects
the test results. Tests designed to extract trace me-
tals from oxidized soil material often do not per-
form in the same manner when applied to un-
oxidized overburden. Tests used for nitrates and
selenium are particularly suspect as of this writ-
ing (see box 5-C). Methods used to test for acid-
base potential in overburden are also controver-
sial (see ch. 8).

Soil and overburden monitoring  on regraded
surfaces is done indirectly, through monitoring

Figure 5-7.—Geologic Cross-Section Showing Stratigraphic Correlations
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SOURCE: James P. Walsh & Associates, “Soll and Overburden Management in Western Surface Coal Mine Reclamation,” contractor report 1o OTA, August 1985,
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Box S-C.--Detecting Selenium in Overburden Samples

The current procedure used to detect selenium in overburden samples is a hot-water extraction deve-
loped for agricultural soils. in surficial materials, such as soils, selenium is in an oxidized state, readily
soluble, and thus easily extracted by this method. Baseline overburden samples, of km obtained at con-
siderable depths, are in a reduced conditionand the unoxidized selenium compounds are not readily
soluble. Therefore, hot-water extraction does not work, The Wyoming Department of Environmental Quality
has noted the limitations of this procedure. In one instance, a sample from the Shirley basin known to
contain a total selenium value of 410 ppm yielded only 1 ppm in the standard extraction procedure. This
appears to explain why selenium has rarely been detected above trace-level concentrations in baseline
overburden analyses. While hot-water extraction may not be a valid test for baseline studies, it may still
be useful for testing regraded spoils, During the mining and reclamation process, most overburden materi-
als are exposed to the air long enough to become oxidized, particularly its dragline operations where spoils
may be unburied for up to a year. Once oxidized, the selenium becomes more soluble, and the hot-water

method will work (1).

of water quality and vegetation. None of the five
States routinely requires long-term monitoring of
normal backfilled spoils or redressed soils, but
the regulatory authorities often impose monitor-
ing programs in cases where soil or overburden
conditions have been identified as a problem (see
the case studies in vol. 2). Types of programs
commonly required include: one-time sampling
of regraded spoils for unsuitable material in the
root zone; one-time or periodic sampling of soils,
most often for sodium migration; and monitor-
ing for erosion.

Most monitoring programs require sampling of
the surficial spoils (those immediately beneath the
soil) only once, immediately prior to topsoiling.
If there is little or no change in spoil character
over time, one-time sampling may be adequate.
However, the extent to which chemical reactions
will occur in overburden and the time required
for their completion are not well understood.
Similarly, the speed and ultimate extent of sodium
migration through spoils is difficult to predict.
Where sodium has been identified as a poten-
tial problem, periodic spoil sampling programs
are being carried out. Without more research on
spoil chemistry, the adequacy of current moni-
toring programs is difficult to assess.

Moreover, as noted previously, the horizon-
tal and vertical sampling densities for collecting
spoils monitoring data are not standardized. At
mines reviewed by OTA, data on recontoured
spoils were most often based on a grid with sam-

ples collected at horizontal intervals varying from
400 to 660 feet (4 to 11 acres/sample).’Depth
of sampling varied: at two mines, spoil was sam-
pled to 8 feet; at two others, spoil was sampled
to 4 feet but at 2-foot intervals. One Wyoming
operator proposes to sample on a 625-foot grid
(9 acres/sample); if unsuitable material is found
in any sample, the surrounding area would be
sampled on a 200 foot grid (1 acre/sample). The
regulatory authority has not yet acted on this pro-
posal. Another mine is sampling on a 500-foot
grid (6 acres/sample). An innovative sampling
program is described in box 5-D.

Soil sampling and erosion monitoring programs
also vary because they are designed for each in-
dividual mine (see box 5-E). At one North Dakota
mine, sodium migration and salinity of soils were
monitored on a limited basis using research
plots.°At another mine in Montana, sodium in
redressed topsoil over sodic and clayey overbur-
den is being monitored from 20 different sam-
pling locations on the mine-site.’

Sampling of spoil in reconstructed aquifers is
extremely difficult and so is much less common
than sampling of surficial spoil. If there is reason
to suspect that deleterious material may be
present in the water table, operators may be re-
quired to produce samples, but such sampling

'See reference 13, case studies C, E, F, G, H and 1.
8See reference 13, case study B.

°See reference 13, case study D.
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HYDROLOGY ™

Data Requirements

Requirements for hydrologic data collection are
summarized in table 5-3. Wyoming has the most
specific guidelines and regulations, followed in
order by Montana, Colorado, North Dakota, and
New Mexico. The latter two States have not pub-
lished guidelines, relying on regulations and per-
sonal contacts between operators and regulatory
personnel to develop hydrologic data collection
programs on a mine-specific basis.

Under the Federal and State programs, surface
water baseline studies must include:

+ detailed location of all surfface water features;
+ streamflow quantity data, including seasonal
and annual variations, floods, and low flows;

+ streamflow quality data, including both phys-
ical and chemical characteristics and the re-
lationship between discharge and quality;
relationship between discharge and quality;

+ quantification of physical watershed param-
eters, including topographic features, surfi-
cial geology, hydrologic soil types, vegeta-
tive cover, and channel and flood plain
geometry;

* a description of climatic characteristics that
affect surface water hydrology, such as mean
annual precipitation, precipitation frequency
versus duration relationships, and seasonal
and annual variations in precipitation; and

+ a description of surface water uses.

Some of this information is in or can be com-
piled from existing sources of data. For example,
information on climatic characteristics may be
obtained from the National Weather Service.

Groundwater baseline studies must include:

. location of all groundwater features in the
area, including existing wells and springs
which may be affected by mining;

“Unless otherwise noted, the material in this section is adapted
from reference 15; see also reference 9.

+ geologic data, such as surficial geologic maps
and geologic cross-sections that show: depth
and extent of aquifers, confining layers, and
hydrologic barriers and boundaries, includ-
ing any faults or folds;

+ static water level data, including seasonal
and annual variations, for all affected aquifers
sufficient for the construction of potentio-
metric surfface maps to determine flow direc-
tions and locate recharge and discharge
areas;

+ water quality data for all affected aquifers
sufficient to determine seasonal and annual
variations and suitability of the water for do-
mestic, irrigation, or livestock uses;

+ geochemical data for the overburden mate-
rials for use in predicting postmining chem-
ical quality of the spoils aquifers;

+ results of pump tests to determine: permea-
bility, transmissivity, and storage coefficients
for all affected aquifers; effects of hydrologic
barriers and boundaries; interaction between
aquifers; and interactions between the ground-
water and surface water systems.

Alluvial valley floor (AVF) baseline studies must
determine whether there are AVFS in or near the
proposed permit area, whether an AVF cannot
be mined because it is significant to farming, the
potential impacts of mining on the AVF, and the
prospects for restoring the essential hydrologic
functions (EHFs) of the AVF (see chs. 3 and 4).

Federal regulations require that surface and
groundwater monitoring data be submitted to
the regulatory authority every 3 months (19,20).
While quarterly monitoring might be a valuable
safeguard of hydrologic resources in the East,
it is inappropriate and unnecessary in the West.
In the East, there are many small operators min-
ing in close proximity to one another and the hy-
drology is highly variable. There, hydrologic im-
pacts may occur rapidly and unpredictably. In
a large Western operation, however, a pit may
be 4,000 feet long and may only move at a rate
of 1,000 ft/yr. Thus, water levels and quality in



Table 5-3.—Summary of Hydrologic Baseline Data Collection Requirements by State

Type of data

Colorado
(guidelines and
regulations)

Montana
(guidelines and
regulations)

New Mexico
(regulations)

North Dakota
(regulations)

Wyoming
(guidelines and
regulations)

Surface water quantity data:

Perennial

Intermittent

Ephemeral

Duration

Continuous recording
gages. Report max,
rein, and mean flow.

Sample frequency will
be dealt with on an in-
dividual basis. Deter-
mine duration of flow
season and peak flow.

Install crest stage
recorders. Flow meas-

urement frequency
will be dealt with on

an individual basis.
Not stated.

Surface water quality data:

Parameters

Perennial

Intermittent

Ephemeral

Field: pH, EC, temp,
DO

Lab: TDS, TSS, Oil and
Grease, SAR, HCO03,
Ca, Cl, Mg, NO3, NO02,
P04, Na, S04, Al, As,
Cd, Cu, Pb, Mn, Hg,
Mo, Se, Zn.

Field: measure water
quality parameters
monthly. Complete
chemical analysis
quarterly.

Sample frequency will
be dealt with on an in-
dividual basis.

Sample water for com-
plete chemical analy-
sis twice a year, once
during snowmelt, and
once during a storm
event.

Continuous recording
gages.

Continuous recording
gages.

Crest stage gages.

Not stated.

EC, pH, Alk, SAR,
TDS, Al, As, Ba, HCO03,
B, Cd, Ca, CO03, CI, Cr,
F, Fe, Pb, Mg, Ni,

NO3, P04, K, Se, Ag,
Na, S04, V, Zn.

Quarterly.

Quarterly.

When possible.

Min, max, and avg dis-
charge conditions
identifying low flow
and peak discharge
rates.

Min, max, and avg dis-
charge conditions
identifying low flow
and peak discharge
rates.

Min, max, and avg dis-
charge conditions
identifying low flow
and peak discharge
rates.

Not stated.

TDS, TSS, cidity, pH,
total and dissolved Fe,
total Mn, others as re-
quired by the regulato-
ry authority.

Discuss with regulato-
ry authority. Submit
quarterly reports.

Discuss with regulato-
ry authority. Submit
quarterly reports.

Discuss with regulato-
ry authority. Submit
quarterly reports.

Max, rein, and avg dis-
charge conditions
which identify low
flow and peak rates.

Max, rein, and avg dis-
charge conditions
which identify low
flow and peak rates.

Max, rein, and avg dis-
charge conditions
which identify low
flow and peak rates.

Not stated. Submit
quarterly reports.

TDS, TSS, EC, pH, total
Fe, others as required.

Discuss with regulato-
ry authority.

Discuss with regulato-
ry authority.

Discuss with regula-
tory authority.

Continuous recording
gages.

Continuous recording
gages.

Monthly reading of
crest gages.

Min. of one year of
data (see above).

Field: pH, temp, EC,
chloride, Aik, dis-
charge, turbidity, DO
Lab: NH3, NO03, NO2,
Al, As, Ba, Cd, Cr, Cu,
Fe, Pb, Mn, Hg, Mo,
Ni, Se, Zn, HCO3,
CO03, Ca, Cl, B, F, Mg,
K, Na, S04, TDS.
Sufficient to charac-
terize quality—discuss
with regulato~
authority.

Sufficient to charac-
terize quality—discuss
with regulatory
authority.

Sufficient to charac-
terize quality—discuss
with regulatory
authority.
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Table 5-3.—Summary of Hydrologic Baseline Data-Collection Requirements by State—Continued

Type of data

Colorado
(guidelines and
regulations)

Montana
(guidelines and
regulations)

New Mexico
(regulations)

North Dakota
(regulations)

Wyoming
(guidelines and
regulations)

Springs and seeps

Measure field water
quality parameters
monthly. Sample water
for complete chemical
analysis quarterly.

Groundwater quantity data:

Well Density

Pump Tests

Methodology Speci-
fied? YIN

Static Water Level
Frequency

Potentiometric

Groundwater quality data:
Parameters o

Frequency

None specified.

Not stated.

No.

See water quality sam-
pling frequency.

Not stated.

Field: pH, EC, Temp
Lab: TDS, HCO03, Ca,
C03, Cl, Mg, NH3,
NO3, N02, P04, Na,
S04, As, Cd, Fe, Mn,
Hg, Se, Zn.

Bedrock Aquifers:
Field parameters
monthly. Complete
chemical analysis
semiannually.

Alluvial Agquifers: Field
water quality param-
eters monhtly. Com-
plete chemical
analysis quacterly.

Not stated.

None specified.

Within each affected
aquifer.

No.

Monthly for at least

one year, one well in
each aquifer continu-
ously monitored.

For each affected
aquifer and next aqui-
fer beneath coal if
deemed necessary.

EC, pH, Alk, SAR,
TDS, Al, As, Ba,

HCO03, B, Cd, Ca, CO03,

Cl, Cr, F, Fe, Pb, Mg,
Ni, NO3, P04, K, Se,
Ag, Na, S04, V, Zn.

Min. of quarterly.

Discuss with regulato-
ry authority. Submit
quarterly reports.

None specified.

Not stated.

No.

Discuss with the
regulatory authority.

Not stated.

Discuss with the
regulatory authority.

Discuss with the
regulatory authority.

Discuss with
ry authority.

regulato-

Min. 1 data point per
aquifer per 4 sq. mi.

Not stated.

No.

Discuss with regula-
tory authority.

For each affected
aquifer and next aqui-
fer beneath coal.

TDS, HCO03, Na, Fe,
hardness, NO3, S04,
Cl, pH, SAR, Ca, Mg,
EC, others as re-
quested.

Discuss with
ry authority.

regulato-

Sufficient to charac-
terize quality—discuss
with regulatory
authority.

Min. 3 data points per
affected aquifer per
sg. mi.

Within each affected
aquifer (2-3 may be
adequate).

No, but some recom-
mendations are made.

Quarterly.

For each affected
aquifer.

Field: pH, temp, EC,
chlorine, Alk, turbidity
Lab: NH3, NO3, NO2,
Al, As, Ba, Cd, Cr, Cu,
Fe, Pb, Mn, Hg, Mo,
Ni, Se, Az, HCO3,
C03, Ca, Cl, B, F, Mg,
K, Na, S04, TDS.

Sufficient to charac-
terize quality in poten-
tially affected
aquifers.
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Ch. 5—Baseline and Monitoring Data .143

monitoring wells offsite are not likely to change
rapidly. In addition, as is noted elsewhere in this
report, Western regulatory authorities already re-
ceive more data than they can review on a regu-
lar basis. Instead, they review hydrologic moni-
toring data when they have to make a decision
based on those data (e.g., permit renewal, bond
release, or, in Wyoming, annual bond adjust-
ment) or when there is reason to believe some
problem exists at a site. As a result, monitoring
programs in the West often require semi-annual
rather than quarterly monitoring, and operators
generally submit these data to the regulatory au-
thorities annually.

Important Sources of
Previously Collected Data

The USGS, Environmental Protection Agency
(EPA), and the State water offices compile the
most commonly used sources of existing hydro-

logic data available to permit applicants and reg-
ulatory authorities in the West (see table 5-4). The
USGS’s Water Resources Division maintains sev-
eral excellent data collection networks, includ-
ing the National Water-Data Exchange (NAWDEX),
the National Water-Data Storage and Retrieval
System (WATSTORE), and the Index to Water-
Data Activities in the Coal Provinces of the United
States. NAWDEX indexes data from a nationwide
confederation of water-oriented organizations
and assists users in identifying and locating water
data. WATSTORE digitizes a variety of types of
surfface and groundwater data collected by USGS
at their monitoring stations, including daily values
of sediment concentration, stream flow, and
reservoir levels; water quality; peak flows; chem-
ical analyses; and geologic data for groundwater
stations. The Index to Water-Data Activities in-
dexes available data sources by data type (e.g.,
streamflow, surface water quality, groundwater
quallity) for five geographic regions. All of these

Table 5-4.—Primary Sources of Existing Hydrologic Data

Agency Program

Summary description

Us. Geological Survey Annual Water-Data Reports

Water and Power
Management

Us. Bureau of Reclamation

U.S. Bureau of Land
Management

Energy Mineral Rehabilita-
tion Inventory and Analysis
(EMRIA), discontinued

Us. Dept. of Agriculture Various Programs of the
Agricultural Research Serv-
ice, Forest Service, and

Soil Conservation Service

Us. Environmental Protec- STORET

tion Agency

National Water Well As-
sociation (as part of Na-
tional Center for Ground
Water Research estab-
lished by EPA through Ok-
lahoma, Oklahoma State
and Rice Universities)

National Ground Water in-
formation Center (NGWIC)

Records of stage, discharge and quality of streams, stage
and contents of lakes and reservoirs, and water levels and
quality of groundwater, Published annually by State. Reports
available for purchase from NTIS.

Reservoir water levels and discharge of streams, rivers and
canals. Reports available on request from respective region-
al office.

Intended to be a coordinated approach to field data collec-
tion, analyses, and interpretation of overburden, water, vege-
tation and energy resource data in the Western coal field.
Data compiled in various EMRIA reports available from U.S.
Dept. of the Interior.

Each agency conducts limited monitoring for specific pro-
gram needs. Data are available from the respective agency
on request,

Computerized database system for storage and retrieval of
data relating to water quality, water quality standards, point
sources of pollution, pollution-caused fish-kills, waste-
abatement needs, implementation schedules, and other
water-quality related information. Any government agency
can become a STORET user. The system is accessed by the
EPA or by a government agency or university that uses
STORET.

Computer retrieval system that searches hydrogeology and
water well technology database that resides on a computer
at Battelle Columbus Laboratories, Database available to
any individual or group upon request or through time-shar-
ing account. Costs assessed for computer time, Geographi-
cal coverage is worldwide.

SOURCE: Western Water Consultants,

“Hydrologic Technologies for Western Surface Coal Mining,” contractor report to OTA, Aug. 1, 1985.
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Table 5-5.—Summary of Major USGS Water-Data Management and Acquisition Programs

Program Description

Geographical

Accessibility y coverage

National Water-Data

National confederation of water-oriented or-
Exchange (NAWDEX) ganizations aimed at making their data more

Services available to anyone Nationwide
through USGS National

accessible, Services include assistance in iden- Center and Assistance

tifying and locating needed water data and
referring the requester to the organization that

retains the data.

Master Water-Data Index (MWDI) identifies
sites for which water data are available, type of

Centers in 45 states and
Puerto Rico. Charges for
computer and personnel
time and duplicating
services.

data available, and information necessary to

obtain the data.

Water Data Sources Directory (WDSD) identi-
fies organizations that are sources of water
data and locations within these organizations

from which data may be obtained.

WATSTORE

cludes the following files:

Station-Header File (WRD.STAHDR)-an index

Computerized system for processing water
data and managing data-releasing activities. in-

Information available to any- Nationwide
one through any of USGS
Water Resources Divi-
sion’s 46 district offices.

of sites for which data are stored in DVFILE,
PKFIL, QWFILE, and WRD.UNIT (see below).
Daily Value File (DVFILE)—daily values for
streamflow, reservoir levels, water-quality
parameters, and groundwater levels.
Peak Flow File (PKFIL)—annual maximum dis-
charge and gage height values at surface

water sites.

Water Quality Data File (QWFILE)—results of
surface water and groundwater quality

analyses.

Unit Values File (WRD.UNIT)-water param-
eters measured more frequently than daily.
National Water Use Data System (NWUDS)—a
national Federal-State cooperative system
designed to collect, store, and disseminate

water-use data.

Office of Water Data
Coordination (OWDC)

Index to Water-Data Activities in Coal
Provinces of the United States. Five-volume
index to availability of streamflow, surface
water and groundwater quality data and
hydrologic investigations in the five major

Individual volumes available Five major coal
for purchase from USGS. provinces of
Additional information the United
available from NAWDEX States

Assistance Centers.

coal provinces. Index was derived from the
Catalog of Information on Water Data, a
computerized information file about water-

data activities in the United States.

SOURCE: Western Water Consultants, “Hydrologic Technologies for Western Surface Coal Mining,” contractor report to OTA, Aug. 1, 1985.

data are available to any individual or organiza-
tion through the USGS district or national office.
Table 5-5 contains additional information on
these USGS data management programs.

In addition, the USGS has been compiling a ser-
ies of reports that describe existing hydrologic
conditions and identify sources of hydrologic data
in the Nation’s coal provinces. These reports are
intended to fulfil SMCRA'’S requirement that an
“appropriate Federal or State agency” make

“hydrologic information on the general mine area
prior to mining” available to permit applicants.
The reports also help regulatory authorities judge
whether a proposed mining plan adequately
“minimizes the disturbances to the prevailing
hydrologic balance.” Figure 5-8 shows the areas
covered by these reports as of February 1985,

EPA maintains a database called STORET that
includes water quality data, water quality stand-
ards, and point sources of pollution. All govern-
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Figure 5.8.—Location Map of Hydrologic Areas for Which USGS Is Preparing
Regional Hydrologic Reports

Arizona

: Reports published
as of February 1985

pd

-

North
Dakota

Colorado |

_’_[__\

New Mexico \

SOURCE: Western Water Consultants, “Hydrologic Technologies for Western Surface Coal Mining,” contractor report

to OTA, Aug. 1, 1985.

ment agencies can become STORET users. EPA
also funds and oversees the National Ground
Water Information Center (NGWIC), a computer-
ized database of groundwater references oper-
ated by the National Well Water Association.
Geographical coverage of the database is world-
wide. Any individual or group may use the data-
base. Charges are assessed on the basis of com-
puter time used.

Each State in the study region has an office (usu-
ally in the State Engineer’s office or the State nat-
ural resources department) responsible for water
appropriation. These offices maintain a central-

ized system of information on locations of diver-
sion points, names of appropriators, and types
of water use. The Montana and New Mexico Bu-
reaus of Mines also have some water quality in-
formation. In addition, under the Clean Water
Act, each State must maintain a system for clas-
sifying streams on the basis of water quality and
quantity and suitability for various uses (see ch. 4).

The Wyoming Water Research Center (WWRC)
maintains a computerized database of all regu-
larly reported streamflow, groundwater quality,
climatological, water well level, and snow course
data. The data may be accessed by any individ-
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ual or organization who contacts the WWRC of-
fice in Laramie. Charges for computer and per-
sonnel time are assessed.

The Gillette, .Area Groundwater Monitoring
Ol’g an|2at|0n (GAGMO) is an organization of
mine operators in the Powder River basin around
Gillette, Wyoming, who measure static water
levels in their monitor wells around October 1
of each year and publish the data in annual
reports.

Data Collection by Operators

Hydrologic data collection methods and data
formats are more standardized than in other dis-
ciplines because the methods of hydrologic anal-
ysis are more quantitative and increasingly are
computerized (see ch. 6). Although this means
that the hydrologic data available from outside
sources are more extensive and of better quality
than is the case in other disciplines, more and
better data still are necessary to perform the so-
phisticated analyses required for permitting. Thus,
as in other disciplines, existing data sources may
be helpful for initial planning but the vast majority
of data still must be collected onsite by the
operator.

Moreover, hydrology changes constantly at any
given mine site. The mobility of water through
the ecosystem makes it impossible to consider
hydrology and hydrologic data in the static, site-
specific fashion in which soils and overburden
data are considered. Consequently, hydrologic
data collection that begins as part of baseline
analyses usually continues through the life of a
mine and becomes part of the hydrologic moni-
toring of the mine (see fig. 5-1, above). This is
true, not just for surface mine reclamation, but
for all types of hydrologic work. As a result,
hydrologists traditionally have maintained and ex-
changed data more than in other disciplines. It
is worth noting that hydrology is the one area
where operators routinely consult previously filed
permit applications and occasionally even coordi-
nate and pool monitoring data (e.g., GAGMO).

The bulk of the surface water baseline data
collection effort goes into streamflow quantity
and quality data. Because streamflow character-
istics change constantly, data should be collected

over sufficient time to delineate the range of nat-
ural flows, although additional research may be
needed to determine what period of data collec-
tion is adequate. Without such long-term stream-
flow data from several locations along the stream
channel, the sophisticated analytical tools de-
scribed in chapter 6 may not be usable or may
yield invalid results.

Compiling flow data for perennial streams is not
difficult. Because perennial streams are relatively
uncommon in the West, they already are moni-
tored closely, often by the USGS. Depending on
the positions of these monitoring stations relative
to the mine site, these data may be useful to per-
mit applicants. If no preexisting data are avail-
able on a perennial stream at a particular site,
gaging technology to collect flow data is well de-
veloped and standardized. Operators usually in-
stall water level recorders at selected points along
perennial streams; these provide continuous data
on both water levels and flow rates. Water sam-
pling for water quality analyses, particularly of
sediment levels, also can be done at any time.

However, most streams in the West are ephem-
eral or intermittent and flow only occasionally—
after precipitation or spring snowmek events and,
in the case of intermittent streams, when the
water table is high. Opportunities for collecting
data and samples may be few and far between
for these streams, and they are less likely to be
the objects of previous data collection efforts.
Moreover, compiling reliable flow data for ephem-
eral and intermittent streams in the West is diffi-
cult because the crest-stage gages usually used
to measure flows in these channels only record
the highest water surface elevations reached since
the last gage reading; they do not indicate flow
rate or how fast water levels rose or receded
when the flow event occurred. Flume gages
equipped with water level recorders are more so-
phisticated methods of collecting flow data. They
record how fast water rises in the channel and
how fast it recedes using automatic recording de-
vices activated by water flow. They are also about
100 times as expensive as crest-stage gages and
are likely to be washed out or damaged during
major runoff events.

Obtaining water quality samples from ephem-
eral and intermittent streams also is difficult. First,
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having personnel at each channel at the time of
peak flow during each flow event is impractica-
ble and sometimes dangerous. Second, and also
a problem at perennial streams, the methodol-
ogy to be used for taking samples has not been
standardized, and different sampling methods
can add significant variability to water quality
data. Even the USGS has not formulated a stand-
ard procedure for how and where in the flow
water quality samples should be taken. Third,
water quality data are meaningful only if accom-
panied by data on flow rate and volume at the
time of sampling. As noted above, simple crest-
stage gages do not provide these data.

Obstacles to collecting reliable surface water
data for ephemeral and intermittent streams often
leave Western operators with insufficient data for
detailed reclamation planning. At one Wyoming
mine, only 33 data points were available on
which to base the reclamation plan. At another,
only three samples from seven sampling sites
were collected. A third Wyoming mine installed
five crest-gages in 1978, but oniy one fiow event
has been recorded at three of the gages; none
at the other two. A Colorado operator had no
data available on flow or quality of ephemeral
streams despite two gages on the site. No New
Mexico mine reviewed was able to collect enough
data on ephemeral streams to plan reclamation
adequately. To compensate for this lack of sur-
face water data, operators have turned to other
methods of calculating peak and low flows based
on the topography, soils, vegetation, precipita-
tion and land use of the drainage (see ch. 6).

Necessary geologic and geochemical data for
groundwater baseline studies usually are ob-
tained from the overburden baseline studies de-
scribed above. Permit applications from adjacent
mines also may be a good source of geologic in-
formation for a permit applicant. All other data
are collected with a series of observation wells
drilled by the operator for this purpose. These
wells are drilled with an imperfect knowledge of
the subsurface hydrogeology and therefore rarely
yield complete data for hydrologic modeling and
construction of potentiometric surface maps.
Wells must be drilled carefully so that only per-
tinent aquifers are open to them and all other
water sources sealed off. Since 1980, both well

drilling and sampling techniques have improved
and the quality of groundwater data has im-
proved correspondingly. Efforts to coordinate
data collection, such as the GAGMO agreement,
could add to the utility of groundwater data.

A variety of data are taken from these wells.
Water levels are monitored regularly and are used
to prepare potentiometric surface maps showing
the static water level of an aquifer at a given point
in time. Data on the storage and transmission
properties of pertinent aquifers also are collected,
usually with a pump test. By pumping water from
the aquifer at a constant rate or in a series of
stepped rates and measuring the change in water
level, data on transmissivity and storativity of an
aquifer can be calculated. 11 The calculation re-
quires assumptions, however, about both the
homogeneity, the extent, and the thickness of the
aquifer, and it is accurate only to the extent that
the assumptions are valid.

Water quality data also are collected from sam-
ples taken from observation wells. Standard or
recommended practices exist for taking most of
these types of samples, as well as for the handling
and preservation of water quality samples. Some
parameters such as acidity/alkalinity, specific con-
ductivity, and pH change rapidly and should be
measured in the field; other measures can be
taken from laboratory samples. EPA and others
have published guidelines for preservation and
laboratory analysis of samples for suspended and
dissolved solids, minerals, and other tests that
may be prescribed in the regulatory programs.

Temporal and areal distribution is an important
consideration in groundwater data collection.
Ideally, baseline data are collected from enough
wells and over a sufficient time period to allow
determination of the natural spatial variations in
aquifer permeability (saturated hydraulic conduc-
tivity), and of the spatial and temporal variations
in static water levels and water quality. Spatial
distribution of data is usually not a problem for
Western operators, but some problems have
arisen regarding temporal distributional* For ex-

"/ Transmissivity” is the rate atwhich water is transmitted through

a unit width of an aquifer under a unit hydraulic gradient.'Stora-
tivity”” is the volume of water an aquifer releases from or takes into
storage per unit surface area of the aquifer per unit change in head.

2Note, however, that State requirements for spatial distribution

of groundwater data vary considerably; see table 5-2.
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ample, data for a potentiometric surface map
must be taken as close to simultaneously as pos-
sible. This is particularly important in active min-
ing areas where water levels may change substan-
tially over time, and in shallow, unconfined
aquifers where water levels change significantly
with season and with precipitation and runoff
events.

identification of an AVF requires an integra-
tion of geologic, hydrologic, and agricultural land
use data. ldentification usually begins with a pre-
liminary surficial geologic map, if available from
the USGS, from which a rough estimate of the
areal extent of stream laid deposits—the geologic
sign of an AVF—can be made. This estimate is
then refined using surficiai geologic maps pre-
pared by the operator from topographic maps,
stereo-paired aerial photos, and site inspection.
After the areal extent of the AVF is delineated,
land use is determined from county land offices
and land owners to see if the prohibition against
mining AVFS significant to agriculture would
apply.

If the area can be mined, detailed studies are
conducted to identify the essential hydrologic
functions of the AVF and provide a plan for their
restoration. Many of these studies are similar to
those described previously for surface water and
groundwater baseline studies. Data collected
include:

* site geomorphology and watershed charac-
teristics, including drainage basin parame-
ters, streamflow characteristics and channel
and flood plain geometry;

* hydrogeological characteristics of the AVF,
including thickness, lithology and areal ex-
tent of the alluvial deposits; aquifer hydrau-
lic characteristics including saturated thick-
ness, transmissivity, storativity, flow rates,
and directions of flow in the alluvial aquifer
and in hydraulically connected bedrock
aquifers;

+ water quality characteristics of the surface
water and alluvial and bedrock aquifers; and

* presence and extent of subirrigation, includ-
ing installation of water level recorders on
alluvial wells to determine diurnal water level
fluctuations (this information, together with

information on porosity and areal extent of
the alluvial aquifer, can be used to quantify
the amount of groundwater transpired by
plants during daylight hours).

Hydrologic monitoring data are collected as
a continuation of baseline studies with the same
methods and equipment. The many dynamic fea-
tures of a mine site’s hydrologic regime mean that
operators must collect data continually through-
out the life of the mine. Therefore, a vast quan-
tity of hydrologic data, particularly groundwater
data, is being amassed. Regulatory authorities re-
ceive so much hydrologic monitoring data that
often their personnel cannot review and analyze
all, or even most, of it. None of the regulatory
authorities has the time or the resources to evalu-
ate hydrologic data from a regional perspective
to test for anomallies or inconsistencies, and er-
roneous data could remain undetected for years.
At one mine reviewed by OTA, improperly re-
duced crest-stage data were submitted to the reg-
ulatory authority for 2 years before the errors
were detected.ls

Ideally, operators analyze and use hydrologic
monitoring data during reclamation and in evalu-
ating reclamation success. In at least one case re-
viewed by OTA, an operator has organized and
uses a very large amount of hydrologic data (see
box 5-F). Often, however, hydrologic monitor-
ing is perfunctory. Operators collect large amounts
of data at considerable expense and submit them
to the regulatory authority to satisfy monitoring
requirements, and the data are not used again
unless questions or problems arise. One obsta-
cle is format. There are no uniform procedures
for filing monitoring data, and most such data re-
side in boxes in regulatory authority offices, They
rarely are published, or even indexed, and ac-
cessing them is extremely difficult and time-
consuming. From the standpoint of hydrologic
data, and particularly groundwater data, the abil-
ity to access and manage the vast amount of data
available is much more of an issue than any gap
in the data.

Steps are being taken in some areas to improve
the accessibility and reporting of hydrologic mon-

13Gee reference 1.5, case study3.13.
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Box 5-F.—Managing a large Hydrologic Databasel

All Western mines are collecting a great deal of hydrologic data. For large operations that have been
monitoring for many years, however, the size of the accumulated hydrologic database can be very large.
At one such mine in the Powder River basin, the operator has created a hydrologic resource library to
manage all of the hydrologic baseline and monitoring data, In addition, the library incorporates data col-
lected by the various agencies that have investigated hydrologic facets of the mine operation over the
years. In the library, hydrologic data are sorted into volumes on: streamffow quality and quantity; ground-

aquifer test results for monitoring wells; lithologic logs of observation wells; and well development data.

Hydrologic resource reports compile annualand interim reports of monitoring data submitted to the State
regulatory authority, and correspondence relating to hydrologic issues. The hydrologic resource reports

also include copies of published and unpublished hydrologic studies pertinent to the mine operation, usually

conducted outside routine monitoring and analysis. These studies cover such topics as AVF characteris-

tics, selective placement of overburden, waters impounded on mine spoils, and postmining spoil water

quality. The library is updated periodically and updated copies are maintained in the State regulatory authori-

ty’s office.

The operator’s purpose in developing this library was to facilitate both in-house and regulatory use
and review of a very large database. Inhouse, the library is valuable to the operator'sin preparing permit
applications for mine expansion; itreduces duplication of data in those applications by referencing data
previously submitted to the regulatory authority. This referencing, however, means that the permit appli-
cation cannot stand on its own, but must be reviewed in conjunction with the hydrologic library. Mine
company personnel report that the regulatory authority has on occasion expressed confusion about these
references. However, as the regulatory authority becomes more familiar with the use and periodic revi-

sion of the library, it is likely that much of this confusion will cease.

'See case study mine G in reference 15.

itoring data. One excellent example is GAGMO.
in addition, the Montana Bureau of Mines and
Geology has submitted a proposal to the State
to collect all the available hydrologic data sub-
mitted by mining companies, evaluate it, and pre-
pare a computerized database to make the data
manageable and readily available to interested
persons (8). It is not known when and if this

project will be funded. The State of Wyoming re-
cently announced plans to place all the ground-
water data from the DEQ files into the State’s
computerized information search and retrieval
system (1 6). This project is expected to take 2
years or more due to the vast amount of data on
file (1 7).

REVEGETATION

Data Requirements

Requirements for collection of baseline vege-
tation data vary with land use. Most State regu-
lations and guidelines focus on data collection
on rangeland (by far the most extensive land use
in the study area), but include alternate data col-

'4Unless otherwise noted, the material in this section is adapted
from reference 14.

lection requirements for other land uses such as
wildlife habitat or pastureland. Table 5-6 summa-
rizes requirements and accepted procedures for
baseline data collection in each of the five States.

All five States require vegetation maps for all
land uses. Scales for vegetation maps range from
1 inch equals 400 feet in Montana and North
Dakota, to 1 inch equals 2,000 feet in Colorado.
Most permit applications reviewed for this assess-
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Table 5-6.—Selected Current Requirements for Vegetation Baseline Data by State

Colorado Montana New Mexico North Dakota Wyoming
Vegetation mapping Required in all States
Range sites R z R’
Vegetation types R R R R R
Scale R,I “=2000 R, “=400' X,l “=500 R, ‘=400 X,| “=400 *-700°
X, “=500’ for veg for both
type map maps

Cover data Required in all States for native rangeland and wildlife habitat and
in ND for tame pastureland
Absolute cover R R R R R
Relative cover z X z X
Quadrat estimation z X X o X
cover classes z z z z z
by percent z X z z
Line intercept zZ x° z Xa
Point intercept z z z X
Production Required in all States for native rangeland, cropland, and pastureland
Herbaceous R* R R
Woody X® R X
Clipping X R X X X
Quadrat size variable X,0.5 m? variable Z,often 0.25 m* 2,05 m’
Doubling sampling z z z
Shrub density Required in all States for wildlife habitat and in CO, MT, NM and WY
for native rangeland .
Shrubs R R R R’ R
Subshrubs R R R X
Quadrats & belt transects X X X VA X
Plotless samples z

Diversity

All States require collection of data that can be used to calculate species/lifeform

diversity for native rangeland and wildlife habitat.

Key to sysbols and superscripts

Symbols

R, written requirement by State regulatory authority, i.e., law, rule or regulation.

X, preferred or recommended by State regulatory authority, i.e., written guideline or unwritten but clear preference. In the case of written guidelines (MT and WY), the

guidelines are usually treated as requirements by the coal companies.
Z, not specified but in fact accepted by the State regulatory authority.

Superscripts
8for shrubs only
when also wildlife habitat
Ctor trees and shrubs only
by lifeforms only
8for palatable species only
ftor native grassland only
Ofor woodland or wildlife habitat only

SOURCE: Western Resource Development Corp. and Dr. Jane Bunin, “Revegetation Technology and Issues at Western Surface Coal Mines,” contractor report to OTA,

September 1985.

ment used the more detailed scales of 1 inch
equals 400 feet or 1 inch equals 500 feet. In each
State except North Dakota, vegetation maps must
show actual premining vegetation types; North
Dakota requires such maps for woodland and
wildlife habitat only.

Montana, New Mexico, and North Dakota also
require “range site” maps as part of baseline
vegetation studies. These are based on SCS range
site descriptions of the species composition and
production of vegetation that could develop for
a given soil type and climatic regime, free of dis-
turbances such as fires and heavy grazing pres-
sure. Thus, range sites describe potential or “cli -

max” vegetation rather than existing conditions.
On poorly managed or overgrazed lands, actual
vegetation communities may bear little resem-
blance to the potential vegetation of range site
descriptions. Table 5-7 shows that only the north-
ern two States commonly use range sites, and
only North Dakota relies on them exclusively.l

All five States require baseline data on annual
production of above-ground biomass on the
mine site for at least some land uses. Baseline pro-
duction data are broken down according to plant

'sRange site data alsotend o be best on agricultural lands, which

are more common in North Dakota than in any of the other four
States.
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Table 5-7.—Native Rangeland and Wildlife Habitat Vegetation Data Present in
Permit Applications Reviewed by OTA

Data shown were present in permit applications on file at OSM and do not necessarily reflect correspondence between the
coal company and regulatory authority (RA) that followed submission of the application; that is, whether the RA required addi-
tions or changes, and whether the proposed performance standard was acceptable to the RA.

Montana Wyoming Colorado New Mexico North Dakota  Total

Number of permit

applications reviewed . . . . 7 36 21 10 7 81
Study dates®.............. 77-81, one 74 most 78-82 most 79-83 most 80 & later 79-81
Work by

consultants. . ........... 4 29 19 4 2

company personnel .. .... 2 6 1 3 1

combination . ........... 1 - - 2 2

SCSdataonly .......... - 1 1 -

unspecified ............. - - - 1 2
Veg map units

rangesite.............. 7 7° 2 1 7

vegtypes............... 7 29 18 9 19

ecological response unit . - - 1 - -
Map scales

1=400. ...t 6 Most 400,500  Most 400,500 7

1“=500................ 1 up to 2,000 up to 2,000 200-2,000
Cover sampling method

quadrat . ............... 7 17 5 3 1

point transect. . .. ....... - 16 7 2 1

pointframe............. 1(& quadt) 2 6 - 5

line intercept . . ......... 7" 5b |®

2 & herbs 5 & herbs

NONE. . ..ot If If
Cover reported as

absolute cover .......... 7 35 20 10 7

relative cover . .......... - 13 5 2 3
Frequencydata........... 7 18 9 8 7
Production

by clipping . ............ 7 35 20 9 6

by double sampling. . . . .. - 3b - - 2

SCSdata............... - I If — —

none................... - - - 1 19
Woody plants®

density reported. . ....... 6 28 17 10 "

shrub heights (inches) . . . 1 24 5 - -
Species diversity calculated

species richness .. ... ... — 7 2 - |

numerical index . ........ | 10 13 1 —

both................... - 2 - - —
Success standard®

referencearea.......... 5 5 15 5 4

controlarea............ - 24 2 - —

unspecified comparison

area .. ..., 1 2 — - —

unadjusted baseline . . . .. - - 1 - —

historical record. ... ... .. - - - 3 -

technical standard . ... ... - - - - 3

ambiguous or

unspecified . .......... | 5 3 2 —

8usuallyiyear of data except for NM

*for shrubs only

Cas reported in permit application; not shown here are data submitted subsequently and found in correspondence files
‘acceptability to regulatory authority not shown

©mostly coal companies

only SCS data used; premine vegetation no longer present

anr woody draws . .

only one permit application included vegetation that has a measurable number of woody plants

iin one case, th.standard yag fo postmineland uses of hayland/pastureland for property that was premine native rangeland

SOURCE: Western Resource Development Corp. and Dr. Jane Bun in, “Revegetation Technology and Issues at Western Surface Coal Mines,” contractor report to OTA,
September 1985.
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species morphology. Montana requires produc-
tion data for both herbaceous and woody spe-
cies; Colorado and New Mexico require data on
herbaceous species and recommend collection
of woody species data; North Dakota and Wyo-
ming require production data for herbaceous spe-
cies only. In New Mexico and North Dakota,
operators need not collect production data for
land whose primary use is wildlife habitat, and
production data for croplands usually are based
on yields reported by the rancher or farmer. All
five States require or recommend at least some
production data by direct clipping and weighing
rather than by the “double sampling” method,
which is faster but the results are of variable ac-
curacy (see below).

Cover data describe the area of ground cov-
ered by the aerial parts of plants. Because cover
indicates the probability that a falling raindrop
will hit something besides bare soil, these data
are closely tied to erosion control. “Absolute
cover” is the actual percentage of ground shielded
by each plant species and may be greater than
100 percent where plant canopies overlap. “Rela-
tive cover” is the percentage of the total vegeta-
tive cover contributed by each species and must
total 100 percent by definition. All five States re-
quire absolute cover data and Montana and Wy-
oming both recommend submission of relative
cover data. Cover data are required for all na-
tive vegetation types (i.e., native rangeland and
wildlife habitat), but are not required for cropland
in any of the five States, and are required for
pastureland only in North Dakota.

Woody plants are particularly important as
cover and forage for wildlife habitat; for this rea-
son data on woody shrub density are required
for all wildlife habitat lands, and on native range-
land in four of the five States. The lack of shrub
density requirements in North Dakota reflects the
paucity of upland shrubs in that State. Woody
plant data are obviously not pertinent to pasture-
land or cropland and are not required for these
land uses. Woody plant density baseline data
have become less important as more operators
negotiate standards independent of precise pre-
mining levels. As discussed in chapter 8, this prac-
tice recognizes that the premining shrub densi-
ties may be either artificially high or low.

Vegetation diversity may be calculated by spe-
cies, lifeform (the particular morphologic cate-
gory of a species such as tree, shrub, grass, or
subdivisions of these categories), or seasonality
(the time of year when a plant accomplishes most
of its growth), and may be based on either cover
or production data. Differences among plant spe-
cies or lifeforms over a landscape provide another
measure of diversity.”

Four States in the study area currently require
revegetation monitoring, but the data usually do
not have to be submitted to the regulatory au-
thority until final evaluation of revegetation suc-
cess. Colorado, the only State currently without
a revegetation monitoring requirement, is now
in the process of revising its regulations to require
periodic submittal of quantitative monitoring
data. This will make Colorado’s requirements the
most stringent, because the other four States do
not specify that the revegetation monitoring data
must be quantitative.

Important Sources of Previously
Collected Data

Fewer site-specific sources of data exist for
vegetation (and wildlife) than for soils, overbur-
den and hydrology. Where vegetation data are
available, they often are of limited use to opera-
tors. The areal extent, intensity, and quality of
existing data usually are not adequate for permit
application requirements. In addition, as dis-
cussed below, the variation in data collection
methods used by vegetation specialists makes
data from different sources difficult to integrate.

SCS compiles maps of vegetation classified by
range site. These maps are useful to land man-
agement agencies such as BLM and the U.S. For-
est Service (USFS) in establishing the carrying ca-
pacity of land, and can give a permit applicant
a preliminary idea of the types of vegetation on
the site. Their usefulness for permitting is limited,
however, because: 1) they describe composition
and production only of the best vegetation avail-
able in the area; 2) the specific data used to com-
pile the general description of the range site prob-

165ee reference14 for a more detailed discussion of the various
ways diversity may be calculated.
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ably came not from the mine site but from some
vegetatively similar area, so that while the spe-
cies composition and species dominance of the
mine-site may be similar to that of the range site
description, cover and production values may be
very different; 3) the map scales typically are not
detailed enough to meet the requirements for
permit applications; and 4) range site data may
not be available for areas without agricultural im-
portance, such as woody draws. In addition, as
noted earlier, vegetation at mine sites is rarely of
the high quality described in SCS range sites be-
cause of the ubiquitous disturbance from live-
stock grazing and other sources in the West.

The SCS data are now being entered into a
computerized database in Fort Worth, Texas,
called the National Range Database. Besides SCS,
the principal users of the data are other Federal
range management agencies, and range science
faculty and students at State universities.

BLM and USFS both collect vegetation data that
are more representative of actual conditions than
the range sites described by SCS data. BLM data
use production and frequency of occurrence as
indices of cover and species composition. How-
ever, the vegetation being sampled usually has
been grazed, and production data typically rep-
resent only some fraction of the total possible pro-
duction. Moreover, the BLM and USFS data are
not always collected by experienced personnel,
as SCS data are. Nevertheless, because BLM lands
often coincide with potential coal development
areas, these data can be useful to operators.

All of these federally collected data, while use-
ful for large-scale range management, generally
are neither intensive nor objective enough for
permit application packages. Researchers in plant
ecology and range science also have collected
vegetation data using more sophisticated meth-
ods that are both more objective (repeatable) and
more statistically reliable. These data are not well-
distributed geographically, but are concentrated
in areas near major universities or their research
facilities, or sites of some special interest. Further-
more, the quantitative techniques used, although
generally more intensive and objective than range
management methods, are far from uniform and
thus of limited value for comparing and combin-
ing with other data.

Data Collection by Operators

Because vegetation data sources are of limited
usefulness, virtually all baseline vegetation data
must be collected onsite. Since about 1979, vege-
tation data have been collected under strict sta-
tistical constraints and, to a lesser extent, narrow
methodological guidelines established by State
or Federal regulatory authorities. The statistical
and methodological requirements vary among
jurisdictions and have varied over time within
jurisdictions since 1979. In the study area, there
is more than one accepted methodology for col-
lecting data for almost every required vegetation
parameter.

Production is almost always determined by clip-
ping, except on agricultural lands, when it is de-
termined by crop yield. All above-ground plant
material is clipped within circular or rectangular
plots and sorted by species or lifeform. The
clipped materials usually are oven-dried and
weighed. These values are then used to estimate
production per unit area of each mapping unit
for each species or lifeform group. This may be
expressed in pounds per acre, grams per square
meter, or some other unit.

Double sampling also can be used to measure
production. In double sampling, vegetation pro-
duction is estimated visually in all plots, with clip-
ping conducted in a few of the plots to calibrate
the visual estimates. Although the accuracy of this
method is highly dependent on the sampler, it
is faster than the harvest method. It is accepted
by all regulatory authorities in various carefully
prescribed forms, but rarely has been used in
baseline studies.

Two variables affect production data. First, in-
clusion of shrubs or annual plants affects the pro-
duction values. Second, variations arise from the
seasonality of plant species because production
is usually estimated at a single time—presumably
the time of maximum standing crop. In much of
the study area, the differing times of peak pro-
duction of the dominant species will cause meas-
ured production to be low by an unknown and
variable amount.

Cover can be measured in three ways. It can
be estimated visually in quadrats (small plots),
which are usually on the order of one square me-



154 . Western Surface Mine Permitting and Reclamation

ter or less. Subdivisions within the quadrat aid
in making the visual estimates. The estimate of
cover is then expressed by percent or by cover
classes representing a specified range of percent-
age values. This method may be fairly consistent
if the same observer makes all estimates, but
variability between observers is to be expected
and may be quite large. Second, cover can be
estimated by line intercepts, which are somewhat
more objective than quadrats. In this method, the
portion of a tape (often 30 meters in length) in-
tersected by the aerial parts of each species is
recorded. Cover also may be estimated by a point
intercept method in which plants are recorded
when “hit” by the downward projection of a
point, either defined by cross-hairs in a viewing
device or by pins suspended in a rectangular
frame. Although obijectivity and repeatability are
theoretically greater in point-intercept sampling,
in practice these advantages commonly are re-
duced substantially by nonrigid point placement
or projection and by the slowness of the method.
Table 5-7, above, shows that use of the line in-
tercept method is mostly confined to shrub cover
data, and that there is a fairly equal spread of use
among the quad rat and point intercept methods.

Woody plant density may be measured either
by counting all individuals by species within large
quad rats or narrow belts, or by plotless methods
such as measuring the distance from a number
of points to the nearest shrub or tree. Methods
may or may not include subshrubs or semishrubs
(which are smaller and/or woody only at their
bases), depending on the States’ regulations or
guidelines. Direct counts of all woody plants, in-
cluding semi- and subshrubs, within large quad-
rats or belt transects provide the most reliable
data. Unfortunately, over 25 percent of approx-

imately 60 mines surveyed by OTA have used
very small quadrats or dimensionless samples.

Revegetation monitoring data generally are
collected with the same procedures and for the
same parameters as baseline data, and are in-
tended to demonstrate compliance with the
SMCRA performance standards (see ch. 7). Most
coal companies collect at least some revegeta-
tion monitoring data, illustrating wide acceptance
of the need for tracking the progress of revege-
tation, Careful monitoring can help operators to
recognize problems and modify methods to im-
prove revegetation results. Monitoring data also
can be used to adjust livestock stocking rates and
to evaluate the successional progress of postmin-
ing plant communities.

The States do not require submittal of revege-
tation monitoring data prior to the 2 years preced-
ing final bond release, although some operators
do so voluntarily, As a result, few revegetation
monitoring data are available publicly beyond the
individual mines. Thus, unlike hydrology and
other disciplines, there is not a rapidly growing
pool of revegetation data in the public domain,
and there is little communication among opera-
tors and regulatory authorities about the relative
success of various revegetation techniques. The
regulatory authorities are concerned that they will
not know whether the revegetation standards can
be met until the bond release period nears its end
on a number of mines. If operators did file their
revegetation monitoring data in a specified for-
mat with the State regulatory authority, the ad-
vance warning of potential revegetation problems
might increase the chance of finding mutually
acceptable solutions at an early stage and so pre-
vent larger problems in the long run.

WILDLIFE"

Data Requirements

All five States require wildlife studies for spe-
cies that are known from existing information
(e.g., an EIS or other regional studies) to occur

17Unless Otherwise indicated, the material in this section is based
on reference 3.

in the area of the mine site or that are likely to
occur due to available habitat on the site. Table
5-8 provides a comparative summary of State
baseline data requirements for each of these spe-
cies studies. For each type of study, a State may
list a range of acceptable data collection tech-
niques (see table 5-9). All States except New



Table 5-8.-State Wildlife Baseline Data Requirements

North Dakota

Montana

Wyoming

Colorado

New Mexico

Guidelines:

State legislature does not
allow use of formal written
guidelines. All formal re-
quirements must go
through formal rulemaking
process. PSC uses techni-
cal memoranda instead.

Emphasis of required studies:

Limited extent of habitat
means that greatest em-
phasis is on woody draws,
wetlands, and native
prairie. State stresses need
for habitat descriptions
and mapping.

Required studies:

Fairly standard for each
different species present.
Mines must complete site-
specific studies; data from
adjacent areas cannot be
substituted.

Has formal written guide-
lines, but these are cur-
rently being revised. These
provide general info on ob-
jective, intensity, duration
of baseline studies, but no
detail info about metho-
dologies.

Species occurence,
seasonal occurence, rela-
tive population densities of
ecologically important spe-
cies. Also classification,
delineation, and species
utilization of habitats.

Required on a case-by-case
basis, with attention to old
guidelines. DSL must ap-
prove all study designs.

Duration, intensity & regionality of data collection:

One year (four seasons) of
data collection required.
Studies must cover site
plus one-mile buffer zone
around site.

One year (four seasons) of
data collection required
(two winter seasons
preferred). DSL requires
minimum of one field biol-
ogist on-site for 1 year for
large operations not previ-
ously studied. Studies
usually must cover site
plus two-mile buffer zone.
If unique habitats found,
must assess extent of
these on adjacent lands.

Has formal written guidelines
which provide general info on
baseline data collection re-
quirements, and specific info
on required and acceptable
methodologies. Stress that
guidelines not mandatory, but
deviations must be approved
by Dept, if Game and Fish.
Also stress that not all re-
quirements are necessary for
all operations and that opera-
tors can use existing data col-
lected on adjacent sites.
There are also separate guide-
lines for raptor nest surveys.

Distribution, relative abun-
dance and habitat affinity of
game species, State sensitive
species, raptors, and T&E
species stressed. Habitat
classification, delineation and
mapping (both veg and physi-
cal characteristics) also em-
phasized.

Studies required on case-by-
case basis in consultation
with DEQ and Dept. of Game
and Fish. A list of acceptable
data collection techniques by
species group is published.

One year (four seasons) data
collection required. Seasonal
studies vary depending on
species group. Studies must
cover site plus two-mile
buffer. PRB pronghorn study
is an exception, a regional
study. Some raptor studies
also extend outside area
boundaries.

Has draft, informal guide-
lines available on request.
These identify pertinent
data sources and contain
general info on baseline
data collection. Specific
data collection techniques
are not discussed.

Delineation and mapping
of habitat including special
habitat features. Also,
mapping of species use of
habitats by game, species
with stenotopic habitat re-
quirements, State sensitive
and T&E species.

Studies required on case-
by-case basis in consulta-
tion with MLRD and DOW.
A list of acceptable data
collection techniques has
been published.

One year (four seasons)
data collection required.
Seasonal studies vary de-
pending on species group.
Studies must cover site
plus 0.25 miles beyond
permit boundary. Only two
instances of required
studies beyond permit
area: elk telemetry study
and sage grouse study in
North Park.

Has no formal written
guidelines but intends to
develop these in the
future.

Characterization of pre-
mine habitat conditions
and quantitative data for
all species groups, particu-
larly those felt to be in
greatest jeopardy from dis-
turbance.

Studies required on case-
by-case basis in consulta-
tion with MMD and State

Game and Fish. A list of

acceptable data collection
techniques has been pub-
lished.

One year (four seasons)
data collection required.
Seasonal studies vary de-
pending on species group.
Requirement of studies be-
yond site-specific depend
on potential impacts and
species to be impacted.
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Table 5-8.—State Wildlife Baseline Data Requirements—Continued

North Dakota

Montana

Wyoming

Colorado

New Mexico

Data format and avaliability:

Data are submitted in per-
mit applications, on file
with PSC and OSM. PSC
has compiled some data in
their files.

Users of data.
Beyond PSC, there is little
review or use by others.

Required monitoring:
Monitoring is not uniformly
required. Currently formu-
lated on caseby-case
basis.

Baseline data submitted in
permit applications to DSL
and OSM. Annual monitor-
ing reports also submitted
to DSL and OSM. Dept. of
Fish, Wildlife, and Parks
occasionally incorporates
some data into its reports.
FWS maintains limited
compilation of raptor data.
Otherwise, no systematic
compilation or clearing-
house for data.

In addition to DSL, and oc-
casionally DFWP and FWS,
some consultants may use
data from adjacent mines
to develop wildlife info for
their clients’ mines.

Monitoring using methods
similar to baseline data
collection methods is re-
quired until reclamation
considered complete. Aeri-
al surveys once a month
and 100 days per year are
required.

Evolution of data requirements since 1977:

State has moved away
from strictly counting spe-
cies and numbers, and has
placed more emphasis on
habitat descriptions, map-
ping, and eventual habitat
replacement.

More organized and con-
sistent, more tailored
toward individual cases
and unique info needs.
More emphasis on premin-
ing data collection to de-
velop success criteria.

Data are submitted in permit
applications and annual
monitoring reports to DEQ
and OSM. Dept. of Game and
Fish was compiling game, for-
bearing, State sensitive and
T&E species data into region-
al wildlife resource maps for
State, but these not updated
since 1981. Game and Fish
encourages use of its stand-
ard observation form so wild-
life info can be easily entered
into Game and Fish com-
puters, but forms not always
used.

Occasionally, operators from
adjacent mines will use data,
but not often. FWS compiles
all raptor data available in
FWS files.

None specifically required.
When it is done, is usually in-
itiated by operator, in consul-
tation with Game and Fish, to
address specific concerns
and help demonstrate
success.

Less species inventories,
population estimates. More
habitat description and deline-
ation. Fewer data required on
nongame and nonlegal spe-
cies, especially where data
available from adjacent mines
with similar habitats.

Data are submitted in per-
mit applications and annu-
al monitoring reports to
OSM and MLRD. DOW occ-
asionally uses data to up-
date its Wildlife Habitat
Inventory System, a com-
puterized data bank of
wildlife habitat and geo-
graphic info.

Aside from OSM, MLRD
and DOW review, data rare-
ly used. Colorado Nature
Conservancy has reviewed
some data on T&E and
State sensitive species.
Also, a State, Federal and
university project to model
shale oil development ef-
fects on wildlife using
some of these data.

None specifically required,
except on case-by-case
basis.

State has always empha-
sized habitat delineation
and mapping. Has de-em-
phasized collection of non-
game and other info not
used for impact assess-
ment.

Data available only in per-
mit applications filed with
MMD and OSM. MMD
hopes to compile a data-
base in future.

Aside from MMD, Game
and Fish and FWS, who
review data for permit issu-
ance, data used only occa-
sionally by environmental
groups.

None specifically required,
except on case-by-case ba-
sis in consultation with

MMD and Game and Fish.

Used to be concerned with
only those species with
“consumptive” value. Now
view all species as impor-
tant, as reflected in data
collection requirements.

SOURCE: Cedar Creek Associates, “Wildlife Technologies for Western Surface Coal Mining,” contractor report to OTA, August 1985.
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Table 5.9.-Accepted Data Collection Techniques®

Study category North Dakota Montana Wyoming Colorado New Mexico
Big game Aerial survey-late Aerial surveys— Aerial and ground Aerial and ground Aerial surveys (2)-
winter 2 per month surveys-late surveys-winter, spring and fall
Browse transects winter, summer, late late spring
Scat and stomach ex- fall Pellet group and
amination browse surveys
Furbearers Trapping only in Incidental obser- Incidental obser- Incidental obser- Spotlight surveys-all

Small mammals

Raptors

Waterbirds

Upland game birds

wood lands-fall

Trapping only in
woodlands-fall

On-foot nest searches
—spring

If extensive wood-
lands are present,
aerial nest surveys
prior to leaf-out

For all wetlands:
—breeding pair
counts —May-June
—brood counts—July
—migration counts—
April, October

Pheasant crowing call
counts—April, June

Aerial and ground lek
location surveys—
spring

Breeding bird lek
counts—spring

vations

Live and snap
trapping—spring
and fall [grid trap-
ping preferred in all
habitats including
reclaimed and un-
disturbed (control)
habitats]

Ground and aerial
nest surveys—

spring

For all surface water:

—routine counts— 1
per month

—no migratory or
brood surveys

Pheasant crowing call
counts—spring

Aerial and ground lek
location surveys—
spring

Breeding bird lek
counts—2 per
spring

Where leks will be dis-

turbed, intensive
telemetry studies
are required to de-
termine habitat
needs

Crop examination

vations

Live and snap
t rapping— iate
spring or summer
(transects, grids, or
clusters depending
on habitat)

Ground and/or aerial
nest surveys—

spring

For all surface water:
—seasonal counts in-
cluding breeding
pair and brood

counts

Aerial and/or ground
lek location surveys
—spring

Breeding bird lek
counts—spring

Vehicle or on-foot
production surveys

vations

Live and snap trap-
ping—late spring or
summer (transects)

Ground and/or aerial
nest surveys—
spring

Incidental obser-
vations

Aerial and/or ground
lek locations
surveys-spring

Breeding bird lek
counts—spring

seasons

Systematic observa-
tion of scat and
tracks—all seasons

Live and snap trapping
in all habitats—
spring and fall

Voucher specimens
required

Aerial and/or ground
nest surveys—

spring

For all surface water:

—breeding bird
surveys-spring/
summer

—migratory surveys
may also be
required—fall,
winter

Breeding bird

surveys—
spring/summer
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Table 5-9.—Accepted Data Collection Techniques®*—Continued

Study category

North Dakota

Montana

Wyoming

Colorado

New Mexico

Songbirds and others

Reptiles and
amphibians

Aquatic vertebrates
and invertebrates

Threatened and endan-
gered species

All wildlife species

Habitat

Variable width belt
transects only in
woodlands—spring

Road survey-winter

Incidental obser-
vations

No T&E critical
habitats affected by
mining

Notification of obser-
vations required

Incidental obser-
vat ions

Habitat mapping at
1:4800 scale

Distinct communities
within a wetland
must also be
mapped

Variable width belt
transects in all
habitats—spring

Incidental obser-
vations

Electro-shocking, sein-
ing, bottom sam-
pling, dredging, etc.
as appropriate (only
for waters potential-
ly affected by
mining)

Black-footed ferret;
full FWS guideline
search of prairie dog
towns

Bald eagle (Tongue R.
only): aerial and
ground surveys for
roost or concentra-
tion areas—winter
only

Incidental obser-
vat ions

Delineation and
mapping

Variable width belt or
point transects in all
habitats and some
habitat edge areas—
spring

Incidental obser-
vations

Trapping and call sur-
veys in appropriate
habitats—spring,
early summer

Stream quality classifi-
cation

Electro-shocking, sein-
ing, bottom sam-
pling, dredging, etc.
as appropriate

Black-footed ferret:
density estimation
and mapping prairie
dog towns; full FWS
guideline search of
all towns

Bald Eagle: aerial sur-
veys for winter con-
centration areas

Incidental obser-
vations

Classification, delinea-
tion, and mapping

Variable width belt
transect or variable
circular plot in all
habitats—spring

Incidental obser-
vations

Stream habitat clas-
sification

Electro-shocking, sein-
ing, bottom sam-
pling, dredging, etc.
as appropriate

Black-footed ferret:
full FWS guideline
search of all prairie
dog towns

Bald eagle: aerial or
ground surveys for
roost sites or winter
concentration areas

Incidental obser-
vations

Delineation and map-
ping of all habitats
and habitat features

Variable width belt
transect —spring/
summer

Systematic surveys—
spring, fail

Electro-shocking, sein-
ing, bottom sam-
pling, dredging, etc.
as appropriate—
seasonally

Black-footed ferret:
full FWS guideline
search of all prairie
dog towns

Incidental obser-
vat ions

Characterization,
delineation and
mapping of all
habitats

aThis table is not intended to represent a |IStIng of methods or techniques required by the States for all operations. All study-area States derive baseline data requirements on a case-by-case basis. Some
of the studies listed may not be required, depending on the ecological characteristics of the permit area and/or the availability of existing information.

SOURCE: Cedar Creek Associates, “Wildlife Technologies for Western Surface Coal Mining,” contractor report to OTA, August 1985.
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Mexico nhow emphasize habitat delineation and
mapping rather than population inventories for
reasons discussed below.

FWS and the State fish and game agencies both
play important roles in requiring and designing
wildlife data collection studies. The State agency
is particularly important and usually is the prin-
cipal regulatory consultant in operators’ formu-
lation of both baseline and monitoring data col-
lection programs.

As in other disciplines, all States require site-
specific studies; applicants may not substitute re-
gional data and data from adjacent areas. Four
of the States require studies to include buffer
zones ranging from 0.25 to 2 miles around the
proposed mine site. All States require 1 year (four
seasons) of data collection and Montana prefers
inclusion of two winter seasons. Montana also
requires large operations not previously studied
to have at least one full-time field biologist on-
site for 1 year. None of the States routinely re-
quires regional impact assessments, but only in
cases of special concern. In Wyoming, a pron-
ghorn study is being conducted by several mines
in the powder River basin. In Colorado, two dif-
ferent mines are conducting elk telemetry and
sage grouse studies that extend outside the mine-
site boundaries.

Important Sources of Previously
Collected Data

Wildlife data collected outside the permitting
process tend to be general or regional. They are
therefore useful only as background information
rather than as a substitute for baseline data. Data
on species’ life histories and requirements are
available from literature published by govern-
ment agencies and researchers. BLM has com-
piled wildlife baseline information in published
reports for several Known Recoverable Coal Re-
source Areas (KRCRAS), and regional mapping of
wildlife habitats and distributions is included on
BLM’s Unit Resource Analysis maps. Both the
Colorado Department of Wildlife and the Wyo-
ming Department of Fish and Game have com-
puterized databases and mapping systems for the
States’ wildlife resources. FWS compiles site-
specific data on raptors in areas where they may

be affected by mining, and both regional and site-
specific data on federally listed threatened and
endangered species.

Data Collection by Operators

Collecting quantitative data on wildlife popu-
lations and impacts to those populations is par-
ticularly difficult for two reasons. First, as with
vegetation, there is significant natural temporal
and spatial variation in populations due to envi-
ronmental factors unrelated to mining. Second,
the mobility of wildlife makes species invento-
ries, population estimates, and other measure-
ments very difficult.

One result of these difficulties has been a shift
of emphasis in quantitative wildlife data collec-
tion in recent years. Instead of collecting inten-
sive data on population size and number of spe-
cies present, regulatory authorities and operators
are now concentrating their efforts on determin-
ing habitat characteristics and quality, the as-
sumption being that if habitats are restored,
wildlife will follow. This does not mean that pop-
ulation counts and species inventories have been
abandoned. They are valuable for delineating the
extent of habitats and are considered important
indicators of habitat quality, but, because of the
above-mentioned characteristics of wildlife, meth-
odologies for measuring populations and num-
ber of species present are not considered suffi-
ciently reliable to be the basis for wildlife
reclamation.

Wildlife baseline studies usually collect the fol-
lowing types of data:

* species occurrence, including seasonal in-
formation;

+ species distribution;

+ relative species abundance or population
estimates, including population size indices
and species diversity values;

* reproductive success;

+ food preferences;

* habitat preference;

+ delineation of habitats; and

+ habitat quality.

Table 5-10 shows the different techniques used
to collect this information for different species.
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Table 5-11 gives brief descriptions of the ways
in which these different techniques are carried
out.

Wildlife monitoring studies use the same data
collection techniques as baseline studies, but

tend to be much less intense, if they are con-
ducted at all. They are not used to measure recla-
mation success directly, but indirectly as a gauge
of the use of reclaimed acreage by wildlife (see
ch. 7).
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Table 5.10.—Wildlife Baseline Data and Survey Techniques

Survey technique: data collected or derived

Survey technique: data collected or derived

Big game:

Aerial surveys:

—Animal distribution, relative abundance, seasonal oc-
currence, population size estimates, reproductive suc-
cess (fawn/doe or calf/cow ratios), concentration areas,
habitat preference

Vehicle and on-foot surveys:

—Animal distribution, relative abundance, seasonal oc-
currence, reproductive success, habitat preference

Pellet group surveys:

—Habitat utilization, population size indices and trends

Browse evaluation:

—Habitat utilization, food preferences, habitat condition

Stomach contents or pellet analysis:

—Food preferences

Tagging/radio-tracking telemetry studies.’

—Home range, animal movement, population size esti-
mates, habitat utilization

Medium-sized mammals:

Aerial survey:

—Species occurrence, relative abundance

Scent station visitation survey:

—Species occurrence, population size indices and trends
Live trapping:

—Species occurrence

Night spotlight survey:

—Species occurrence, population density estimates
Strip transects:

—pPopulation density estimates, habitat preference

Small mammals:

Live or snap-trap traplines or grids;

—Species occurrence, relative abundance, population
size estimates, habitat preference, species diversity

Prairie dog town surveys:

—Burrow density, colony acreage

Raptors:

Aerial surveys:

—Species occurrence, nest locations, concentration
areas

On-foot and vehicle surveys:

—Species occurrence, nest locations

Nest surveys:

—Species occupancy, nesting success and production

Waterfowl and other waterbirds:

Ground counts for wetlands and surface water:

—Species occurrence, animal distribution, relative abun-
dance, seasonal occurrence, habitat preference

Breeding pair counts:

—Relative abundance of breeding birds

Nesting surveys:

—Nesting habitat

Brood surveys:

—Brood rearing habitat, nesting success, production

Wetland mapping and evaluation:

—Wetland habitat classification and locations

Upland gamebirds:

Aerial or ground surveys for leks (sage grouse or
sharptailed grouse breeding grounds):

—Lek locations

Lek breeding bird counts:

—Lek attendance, indices of population size
Nesting surveys:

—Location and extent of nesting habitat
Brood surveys:

—Brood rearing habitat, production
Tagging/radio tracking studies:

—Animal movement, home range, habitat utilization
Crowing call counts (ring-necked pheasant):
—Indices of population size

Crop analysis:

—Food preferences, species occurrence
Roadside surveys:

—Indices of population size, habitat utilization

Songbirds and others:

Variable strip or circular plot surveys:

—Species occurrence, relative abundance, population
size indices or estimates, habitat preference, species
diversity

Roadside surveys:

—Species occurrence, relative abundance, population
size indices, habitat preference, seasonal occurrence

Reptiles and amphibians:

Spring night call surveys:

—Species occurrence, relative abundance

Miscellaneous capture techniques:

—Species occurrence, relative abundance

Wetland searches and seining:

—Species occurrence, relative abundance

Fish:

Seining:

—Species occurrence, relative abundance, population
size indices

Electroshocking:

—Species occurrence, relative abundance, population
size indices

Aquatic habitat description:

—Habitat quality, classification

Aquatic invertebrates:

Artificial or natural substrate sampling, bottom sampling
(Eckman dredge or surber sampler):

—Species occurrence, relative abundance, species
diversity

Threatened and endangered species:

Aerial or ground winter concentration or roost surveys
(bald eagle):

—Locations of roosts or winter concentration areas

Winter track or sign surveys (black-footed ferret):

—Species occurrence

Night spotlight surveys (black-footed ferret):

—Species occurrence

State sensitive species or species of “high Federal interest”
(see applicable techniques by animal group listed above):

—Generally—species occurrence, habitat utilization, rela-
tive abundance

All species:

Incidental or opportunistic observations:

—Species occurrence, distribution, habitat utilization,
relative abundance

SOURCE: Cedar Creek Associates, “Wildlife Technologies for Western Surface Coal

Mining,” contractor report to OTA, August 1985.
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Table S-Il.—Table of Survey Techniques and Associated Methodologies

Survey technique: methodology

Survey technique.” methodology

Terrestrial

Aerial survey:

—Slow fixed-wing aircraft or helicopter low level flights
usually along standardized transects or conforming to
specific habitats or topographic features. Record ob-
servations by species, numbers, and habitat.

Vehicle/on-foot surveys:

—Slow travel by vehicle or on foot along standardized
survey routes. Record observations by species, num-
ber, and habitat.

Pellet group surveys:

—Record number of big game pellet groups intercepted
by standardized transect or contained within stan-
dardized plots within different habitats.

Browse evaluation:

—Determine by standardized evaluation methods the
degree of hedging of shrub and tree spe