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Methodology for Estimating the Costs of Treatment of Mine Drainage
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ABSTRACT: Tetra Tech developed worksheets for the U.S. Department of the Interior, Office of Surface
Mining (OSM) to allow a consistent, accurate, and rapid method of estimating the costs of long-term
treatment of mine drainage at coal mines, in accordance with the Surface Mining Control and Reclamation
Act (SMCRA) of 1977. This paper describes the rationale for the worksheets and how they can be used to
calculate costs for site-specific conditions. Decision trees for selection of alternative treatments for acidic or

alkaline mine drainage are presented.

1 INTRODUCTION

The Surface Mining Control and Reclamation Act of
1977 (SMCRA) established bonding requirements
for operators of coal mines. Regulations under
SMCRA require that operators of coal mines prepare
site-specific estimates of the costs of reclaiming
areas affected by mining operations and managing
any pollutants mat may emanate from them. The
cost estimates are reviewed by me U.S. Department
of the Interior, Office of Surface Mining (OSM) or
authorized state regulatory authorities to determine
the amount of bonding that is necessary for
reclamation activities at each mine. OSM has
determined that the estimated costs of reclamation
for a number of coal mines have been significantly
lower than the actual costs of completing
reclamation activities at those facilities. To a large
extent, such discrepancies have been the result of
failures in the development of reasonable estimates
for the long-term treatment of mine drainage-

Acid mine drainage (AMD) forms when sulfide
minerals in rocks are exposed to oxidizing
conditions. AMD is found In coal mining and metal
mining areas and also in highway embankments
where sulfides in geologic materials are exposed to
water and oxygen. The predominant acid-producing
minerals are pyrite and marcasite. Significant work
in methods of predicting, controlling, and treating
AMD has been done by Skousen (1996, 1998) at
West Virginia University and by the Pennsylvania
Department of Environmental Resources (1998).
Earle and Callaghan (1998) have described the
effects of AMD on aquatic life, on potable and
industrial water supplies, and on metal and concrete

structures. In an effort to prevent the adverse effects
of AMD in the future and hold companies that
produce AMD responsible for their actions, OSM
contracted with Tetra Tech EM Inc. (Tetra Tech) to
develop a methodology for estimating the long-term
costs of treating mine drainage. Costs determined
through the use of the methodology will serve as the
basis for establishing the bonding requirements for
coal mine operators.

2 TECHNOLOGIES FOR PREVENTION AND
REMEDIATION OF AMD

Coal mine operators are required to meet the

discharge permit requirement established under the

National Pollution Discharge Elimination System

(NPDES). NPDES permits for coal mines generally

require the monitoring of pH, total suspended solids,

and concentrations of iron and manganese.

Depending on the drainage quality of the particular

site, monitoring of other parameters may be

required. The technologies for preventing and
remediating AMD include the following:

* Source control by addition of alkaline
substances, capping of acid-producing materials,
hydrologie  controls, or  grouting (for
underground mines)

+ Active treatment by neutralization processes and
aeration basins

* Passive treatment by alkalinity-producing
diversion wells, anoxic limestone drains, or
aerobic or anaerobic wetlands

The life-cycle costs of the technologies vary

considerably, with active treatment methods the
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most expensive and passive treatment systems the
least. The selection of a technology depends on
several site-specific conditions, including the quality
and quantity of mine drainage to be treated and the
discharge requirements to be satisfied. There are two
types of mine drainage, net acidic and net alkaline.
Net acidic mine drainage occurs under conditions
under which the total acidity of the drainage exceeds
its total alkalinity, while net alkaline drainage occurs
under conditions under which total acidity is less
than total alkalinity. Figures 1 and 2 provide
decision trees to assist the user in identifying
alternative treatment technologies for net acidic
mine drainage and net alkaline mine drainage,
respectively.

3 COST-ESTIMATING METHODOLOGY

The methodology described in this paper can be
used to estimate the costs of long-term treatment of
mine drainage for both new and existing mining
operations.

To generate cost estimates for the treatment of
mine drainage, the methodology uses third-party
costs and assumes that the materials and equipment
required to conduct each activity will be brought to
the site. Although the operator may have equipment
and materials available to conduct such activities
while the facility Is operational, there is no guarantee
that the same equipment or materials will be
available to a regulatory autfiority once a facility has
been abandoned. Therefore, use of third-party costs
is essential to the development of a cost estimate that
reflects a "reasonable worst-case scenario” and to
ensure that financial assurance mechanisms can be
counted upon to provide regulatory authorities with
sufficient funds to conduct the necessary mine
drainage treatment activities.

The methodology provides a variety of
worksheets that can be used to estimate the costs of
specific activities that are known to be conducted in
treating mine drainage at coal mines. It is unlikely,
however, that all of the worksheets provided in the
methodology will be needed to estimate the costs for
treating mine drainage for any particular site. In
applying the methodology, die user must select from
among the available worksheets only those that
pertain to activities mat will be conducted to address
mine drainage at the particular site of concern. The
decision trees presented in figures 1 and 2 will assist
the user in making that selection. Once the
worksheets for each specific activity have been
completed, the costs estimated for those activities
are combined on unit summary worksheets to derive
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a cost estimate for each unit, then combined on a site
summary worksheet to derive a comprehensive cost
estimate for the site.

Because the types of activities that may be
necessary to address mine drainage may vary
significantly from one site to the next, and because it
might be necessary to conduct unusual or
uncommon activities at some sites to address the
specific  circumstances at those sites, the
methodology may not include worksheets that
address all the activities that may be necessary at
any given site. In such cases, cost estimates for
unusual or uncommon activities should be
developed through the use of alternative approaches.

The methodology as currently designed is a
general approach to estimating costs. The issue of
treatment cost versus time and reduction of acidity
loading over time can be addressed by using
different time frames, flow rates, and acidity to run
the model, according to site-specific conditions.

Worksheets are the primary tools the
methodology provides to help estimate the costs of
treating the mine drainage. The methodology
presents seven categories of cost worksheets, each of
which corresponds to one of various activities that
might be undertaken to address discharges of mine
drainage at coal mines. The categories of worksheets
are: 1) source control, 2) active treatment, 3) passive
treatment, 4) general treatment and polishing units,
5) discharge memods, 6) system operations, and
7) support activities. A site summary worksheet also
is provided to sum all the costs of treatment of mine
drainage that are associated with a particular site.

Many activities performed in treating mine
drainage involve basic field construction work.
Therefore, in the worksheets, typical construction
costs Ut most closely resemble field construction
activities are used. Although several sources of
information provide estimates of typical construction
costs, hourly rates for labor and equipment set forth
in Mean's Cost Guides are used frequently in the
worksheets. Mean's Cost Guides are recognized
industry standards in the United States for cost
estimating. Because the guides are updated annually,
the cost components of the worksheets can be
updated readily, as well. When certain costs, such as
those for laboratory analysis of water or soil
samples, could not be found in Means,
representative costs provided by a number of
vendors were obtained and averaged. Costs of
activities not found in Mean'’s can be established by
obtaining current quotes from vendors or by
interpolation of costs of similar activities obtained
from the mining industries.
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In the methodology, the source control, active
treatment, and passive treatment unit summary
worksheets apply a factor of 16 percent to the
subtotal of all capital costs to account for the costs
of management and engineering design. That
percentage is based on factors derived from Mean's.
Further, in accordance with standard engineering
practices, the source control, active treatment, and
passive treatment unit summary worksheets apply an
additional factor of 20 percent to all capital and
annual operating costs to account for contingencies
and unforeseen expenses that could occur during the
treatment process.

The total calculated costs of source control,
treatment, and system operations are adjusted to net
present value to determine the long-term costs of
treatment in current dollars. This method is used
widely to evaluate the value of long-term
investments and is useful in this analysis for
determining the amount of bonding that is necessary
for reclamation activities at a particular site. The
three main components used m completing the net
present value adjustment are:

* The number of years during which the system is
expected to operate
* The annual inflation rate
* The estimated annual discount rate, which
represents the cost to the owner of the facility of
borrowing money
The use of different figures for years of treatment,
die inflation rate, or the discount rate could have a
significant effect on the cost estimate generated for
an individual facility. The cost estimates are highly
sensitive to small variations In those parameters, and
the user should select values carefully for the
calculation of net present value to obtain the most
realistic cost estimate.

4 USING THE WORKSHEETS TO ESTIMATE
COSTS

The methodology is designed to offer a flexible and
rapid means of generating reasonable and accurate
estimates ofthe costs of treating mine drainage. The
methodology prescribes the following four basic
steps in using the worksheets to develop cost
estimates.

1, Using information in the reclamation plan or
other information available about the site, the
user must determine the specific treatment
processes that are to be conducted to address
mine drainage at the site and the specific
source control techniques (if any) that will be
implemented. The user must also identify any
conditions at the site (for example, difficult
access to the site) that might require the

conduct of additional activities or require
capital expenditures that will add to the
expense of implementing the selected
treatment processes. In addition, the user must
identify related data that are lacking and must
be generated or assumed if a reasonable cost
estimate is to be developed.

. The user must identify and assemble all the

worksheets needed to calculate the cost
estimate. Table 1 identifies the worksheets for
specific activities that are addressed in the
methodology and that might be appropriate for
the treatment of mine drainage at surface
mines, underground mines, and coal refuse
facilities, respectively. The user should review
the applicable worksheets to become familiar
with the data inputs necessary to use them and
the assumptions upon which the cost data
incorporated into the worksheets are based.

. Using information in the reclamation plan or

other information available about the site, the
user must obtain the data that are required to
use the worksheets and enter those data. The
user should review all cost data that are
incorporated into the worksheets to ensure that
those data accurately reflect me potential tasks
to be performed at the site. If necessary, the
user can adjust the costs incorporated into the
worksheets or replace them with other cost
data that are more accurate for the site. Once
all appropriate data have been entered, the user
can estimate the costs of each activity by
applying the method prescribed In the
worksheets.

. The user must transfer the estimated cost of

each activity to the source control, active
treatment, or passive treatment summary
worksheet, as appropriate, to derive cost
estimates for each unit; apply allowances to
those estimates to account for engineering
expenses and contingencies; and adjust those
estimates to net present value. The user should
review the default factors applied on the
source control, active treatment, or passive
treatment summary worksheet to ensure that
those factors are appropriate. If necessary, the
user can adjust the default factors or replace
them with more appropriate factors. Finally,
the user must transfer the costs for each unit to
the site summary worksheet to derive a
comprehensive cost estimate for the site.
Figure 3 provides example worksheets for
active treatment; figure 4 provides example
worksheets for passive treatment. Details of
other worksheets are available in Methodology
Jfor Estimating the Costs of Treatment of Mine
Drainage, prepared by Teta Tech.
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Table 1. Worksheets applicable to the treatment of mine drajnage at surface mines, underground mines, and coal refuse piles.

Waorksheat Surface Mines Unilergr 1 Mines Coal Refuse Pites
Saurce Active Passive Source Active Passive Source Active Passive

Code Control  Treptmeni  Treptment  Control  Treatment Treatment Control  Treatmeni  Treatment

Cepping of Acid-Producing Material 5C-2 . .

Regrading and Backfifling SC-3 - .

Grouting and Mine Seals SC-4 .

Stormwater and Runoff s5C-5 . . .

Alkaliae Addition for Spoils SC-6AB . - .

Soda Ash Neutralizalion AT-2A/B - - .

Caustic Soda Neuiralization AT-3A/B - . L]

Hydralqd L_lme or Pebble Quicklime AT-4A/B N . .

Neutralization

Ammoenia Neutralization AT-5A/B . . .

Aeration Basins AT-6A/B . . .

Pebble Quicklime Neutralization — Aquafix AT-7 . R .

System

Alkalinity-Producing Diversion Walls PT-2A/B . . -

Anoxie Limestone Drains (ALD) PY34A-C . - -

(S;c‘i,css?we Alkalinity-Producing Systems PT-AAB . . .

Asrpbic and Anaerobic Wetlands PT-5A/B - . »

Ponds GTU-IA/B - - - - » [ ]

Clarifiers GTU-2A/B - . .

Rack Drains GTU-3A/B ] L] . - L] .

Filter Fields GTU-4A/B . . . . . .

Open Limestone Channels {OLC) GTU-5A-C - . . . . .

Infilration Galleries DM-1A/B L] - L] - - [}

frrigation Applications DM-2A/B »- . N . - .

Pipe Systems DM-3 - . . . - -

Chemical Consumption op-1 . » . » . .

System Maintenance and Replacement op-2 . . . - . - - - .

Electricity op-3 . . . - . .

Sludge Removal or-4 L] L] L] - - L]

Sampling and Analysis op-5 . . . . . - . . .

Land Access SW-1 . - . - . - » - -

Monitering Wells SW-2 . . . - . - » . .

Site Security SW-3 - . . . . - . - .

Access Roads SW-4 . . . . . .




5 CONCLUSIONS

The methodology developed by Tetra Tech for OSM
is user-friendly and allows an accurate determination
of the amount of funds that should be provided to
ameliorate AMD at coal mine sites. Recognizing
that current mine operators may not be available to
conduct treatment activities, the methodology
reflects costs for an independent third-party to
perform these activities. The methodology can be
used for both new and exciting mining operations
and for active and passive treatment processes.
Because many treatment activities involve basic
field construction work, Means Cost Guides, a
recognized standard In the construction industry,
was selected as the basis for information for the
worksheets. The worksheets also provide the
flexibility for the user to modify the information for
site-specific conditions.
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