
     

     

       

 

   
    

  

  
    

    
    

  
    

   
    

   

    

   

    

    

   

   

    

   

   
 

    

   

   

Conducting Pre-Feasibility Studies for Abandoned Mine Methane 
Projects 

Module 4 – Production Forecasting and Well Testing 

Welcome 

The United States Environmental Protection Agency (EPA) developed this course in support of the GMI 
and in conjunction with the United Nations Economic Commission for Europe (UNECE). 

What is the GMI? 

The Global Methane Initiative (GMI) is a voluntary, multilateral partnership that aims to reduce methane 
emissions and to advance the abatement, recovery, and use of methane as a clean energy source. 

GMI Partner Countries account for nearly 70% of total global manmade methane emissions, which is 
equivalent to approximately 5,000 MMT CO2e. 

This course introduces principles for assessing the potential of developing projects to mitigate 
Abandoned Mine Methane (AMM). 

Conducting Pre-Feasibility Studies for AMM Projects: Course Modules 
• Module 1: Introduction and Objectives 

• Module 2: Gathering Mine Information and Data 

• Module 3: AMM Resource Assessment 

• Module 4: Production Forecasting and Well Testing 

• Module 5: Mine Closure Design for AMM Production 

• Module 6: Market, Financial and Risk Analysis 

• Module 7: AMM Pre-feasibility Case Study 

Production Forecasting and Well Testing 

What You Will Learn 

In this module, you will learn how: 

• Recoverable gas reserves within an AMM reservoir are estimated through gas flow 
characteristics 

• Gas production from abandoned mines is forecasted through: 

o Decline curves based on gas production at closure 

o Numerical and computational models 
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o Calculation methods

• Uncertainty is quantified

• Wells at abandoned mines are tested to obtain any necessary or missing data

Pre-feasibility Study Requirements 

A pre-feasibility study requires: 

• Quantification of AMM-in-place,

• AMM reserves (the total volume of gas in m3 or ft3 that can be produced through the life of the
reservoir),

• The rate of production that is potentially achievable (normally in m3 or ft3 per minute, hour, or
day), and

• Determination of the uncertainty associated with the forecasts.

This module will focus on these two pre-feasibility study requirements, modeling production and 
determining uncertainty. 

Understanding Reservoir Flow Processes for Production Flow 
Modeling 

To make solid assumptions, assess observed trends, and explain outcomes, a developer needs to 
understand the basic flow processes in an AMM reservoir (for example, the fundamental parameters 
that describe reservoir performance and its inherent variability). 

While the parameters can be defined, the values are variable and are not easily measured. Therefore, 
most practical reservoir production models are empirical, relying on assumptions and calibration with 
available flow data. 

Previous modules in this course have explained how to estimate AMM resource and reserves based on 
geological information. 

This module introduces another method for assessing reserves based on the extrapolation of decaying 
AMM production flow. 

Reservoir Flow Processes and Parameters 

Methane Flow Processes in an Abandoned Mine 

Methane reaches the production well through a convoluted path beginning within the coal matrix and 
surrounding pore space, through fractured strata into voids at the edge of the goaf area. AMM’s 
journey from the source can be described in six approximate stages as presented below, keeping in 
mind that various flow processes and permeability scenarios exist. 

The total flow capacity of a mine is a combination of these pathways: 
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• Stage 1: Diffusion in the adsorbed state from the coal matrix into the coal fracture system 

• Stage 2: Laminar (i.e., parallel) flow through the coal fracture system 

• Stage 3: Laminar flow through mining-induced fractures in the strata into mine voids - primarily 
old roadways and partially caved goaf 

• Stage 4: Predominantly laminar flow of the gas through the mine void with restrictions caused 
by roof collapse, flooding, and man-made seals 

• Stage 5: Flow from the mine void to the production well (turbulent where high velocity) 

• Stage 6: Prior to remediation of any surface leakages, methane may also escape to the 
atmosphere through vent pipes, fractures in overburden, or inadequate shaft seals 

Diagram of Methane Flow Processes in an Abandoned Mine 

This slide presents a diagram of the methane flow process in an abandoned mine. In an abandoned 
mine, methane flows from the coal matrix to the shafts, from where it is vented. Suction may be applied 
to increase flow for gas use. 

Parameters Needed for Modeling AMM Reservoir Flow 

An AMM reservoir model may be developed using some or all of the parameters in the table below, 
depending on the method employed. 

Potential Parameters for an AMM Reservoir Model: 

• Initial pressure of the gas in the coal matrix (adsorption pressure) 

• A methane adsorption isotherm for coal of similar rank to that which is in the mine 

• Volumes of remaining coal, mined-out areas (goaf), and void space 

• Permeability of coal, strata fractures, mined-out areas, and voids 

• Groundwater recovery flow rate 

• Efficacy of sealing the mine from the atmosphere 

• Dates when: mining ceased, ventilation stopped, mine sealed, and AMM production planned to 
start 

Adsorption Isotherms 

Coal can hold much more gas on its internal surfaces than can be held in the pores of other types of rock 
at the same pressure. 

• The relationship between the gas pressure and the gas volume held is known as an adsorption 
isotherm, because the measurement is conducted at a constant temperature. 

• Adsorption isotherms are measured in a laboratory using equilibrium moisture saturated coal at 
reservoir temperature. 
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Samples of coal may not be available for an AMM prospect, so isotherm data for use in reservoir 
modeling are generally obtained from measurements on coal of similar rank from elsewhere (ideally 
from the same coalfield, or possibly even from the mine records that were made available from the 
owner/operator). 

Illustrative Examples of Basin-level Isotherms 

This slide displays a graph showing the average methane adsorption isotherms for the following major 
U.S. coal basins: 

• Black Warrior 

• Central Appalachia 

• Western Basins 

• Illinois 

• Northern Appalachia 

Sorption Pressure in Abandoned Mines 

The sorption pressure drives the initial flow of gas from the coal. 

Sorption Pressure Characteristics: 

• In an abandoned mine, the sorption pressure of the methane in the coal that is in contact with 
the mine void area is lower than its initial value before mining began. 

• The drop in methane pressure is due to gas emitted during mining that has been either captured 
by methane drainage or diluted and removed in ventilation air. 

• After mining, slow movement of the residual gas from the coal through fractures to the void 
keeps the methane gas pressure in the coal (not directly in contact with the void) above 
atmospheric pressure. 

• The pressure differential ensures that methane will continue to flow into the mine void for a 
long period of time, provided the void does not become filled with mine water. 

• Use of a vacuum pump can increase the differential and hence increase the flow rate. 

This module examines methods for forecasting the decline curve of the AMM reservoir and predicting 
gas production over time. 

Assessing Permeability of an AMM Reservoir 

Permeability is a challenging parameter to determine because it is a stress-dependent variable. 

• In the dynamic mine environment, it will also be time dependent. 

• Values used may be based on laboratory tests, derived from history-matched reservoir models, 
or estimated using expert judgement. 
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Permeability and Modeling 

Due to the difficulty of assigning values to parameters and testing all of the assumptions, numerical 
models must be validated against measured data. History-matching is the most common validation tool. 

A validated (or calibrated) model can then be used to simulate and forecast production flow at the 
project site, and then it can be applied more widely in the coalfield area. 

Modeling and Predicting AMM Production Flow 

An abandoned gassy, longwall coal mine comprises the gas remaining in an unconventional geological 
reservoir that has been systematically ‘fractured’ and partially degassed by mining activities. Various 
models have been developed and used to predict AMM flows that could be produced. The main 
methods are: 

• Empirical modeling, in which AMM flow over time is derived by fitting a curve to measurement 
data using statistical regression techniques. Analogous to conventional oil and gas decline curve 
analysis, this is the most common approach to AMM flow forecasting. 

• Numerical modeling, in which a physical representation of the AMM reservoir is created using 
mathematical equations that can be solved using computational methods. 

• Hybrid modeling, which involves a combination of the above. For example, using a numerical 
model to derive a series of generic decline curves (e.g., the EPA emission model). 

Examples of models built using the above methods are described later in this module. 

AMM Emission Decline Curves:  Empirical Modeling 

Methane emissions from a mine decrease rapidly as a function of time elapsed after the cessation of 
coal production. Despite the complexity of reservoir pathways, the trend of the AMM emission decline 
can be represented by a hyperbolic function, or a decline curve. Similar empirical models (equations and 
decline curves) are used for representing oil and gas production. Despite their ease of use advantage, 
simple models do not necessarily provide reliable forecasting tools (as explained in forthcoming slides). 

In the majority of cases, the compilation of data obtained from closing mines prior to abandonment is 
likely to be easier and yield more accurate curves than data obtained at already abandoned mines. 

Decline Curve Analysis (DCA) – Equation 1 

Decline Curve Analysis (DCA) is an empirical reservoir engineering technique that was developed to 
extrapolate trends in the production data from oil and gas wells (first documented by J.J. Arps in 1945). 

The purpose of a DCA is to generate a forecast of future production rates and to determine the expected 
ultimate recoverable (EUR) reserves. 

General equation for the empirical exponential and hyperbolic relationships used in DCA: 

dq/dt = -aq(n+1) [Equation 1] 
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• Where a and n are empirically determined constants

• The empirical constant n ranges from 0 to 1

• dq/dt=decline rate, q=production rate, t=time

DCA – Solutions to Equation 1 

Solutions to Equation 1 show the expected decline in flow rate as the production time increases. DCA 
refers to fitting an equation, in the form of Equation 1, to flow rate data. 

Three types of decline curves have been identified based on the value of n: 

Exponential, n=0; Hyperbolic, 0<n<1; Harmonic, n=1. 

DCA – Equation 2 

AMM reservoir decline rates have been found to be best represented by a hyperbolic decline curve in 
which the rate solution has the form below. 

AMM reservoir decline rates represented by a hyperbolic decline curve: 

q−n=nat+qi−n [Equation 2] 

• Where qi is initial rate and a is a factor that is determined by fitting the equation to measured
production data.

• n is an empirically determined constant that ranges from 0 to 1

• t = time

DCA Limitations 

A decline curve is derived from a statistical best-fit to measured data and has no physical basis. 
Therefore, extrapolation yields results of unquantifiable accuracy. 

The decline curve input data for an AMM pre-feasibility study will come from measurements of total 
emissions after a mine has ceased coal production and may only cover a relatively narrow period of 
time. 

Because input data may only cover a relatively narrow period of time, the decline curve definition may 
be prone to large uncertainty when extrapolated. 

In fact, extrapolation of hyperbolic declines over long periods of time frequently results in unrealistically 
high reserves. 

The geological (static) reservoir model (presented in Module 3) provides an independent check on a 
reserve estimate that is derived from a curve analysis. 
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DCA: End of AMM Gas Production 

All mines are presumed to at least partially flood. Even if a mine were to stay completely dry, the gas 
production flow rate into the closed workings will continue to decline over time along a hyperbolic curve 
as the resource is depleted and reservoir pressure drops, eventually approaching a flow rate that is too 
low to warrant economic production. 

DCA applied to a mine that will wholly flood assumes that there is an end point to gas production when 
total flooding of the mine occurs. The time at which the flooding end point arises can be estimated using 
a void filling model as covered in Module 3. 

In a coalfield where AMM production has already been established, characteristic decline curves may 
have been developed that adequately represent the trends and which can be used for initial forecasts. 

Comparison of Geological and Decline Curve Estimates 

Realistic estimates of the size and productivity of an AMM asset are essential for managing investment 
and operational financial risk. 

• Based on Geologic Model: Module 3 showed how a geological (static) reservoir model can be 
used to estimate the magnitude of the coal-derived AMM resource; this is a conservative 
estimate as only coal sources of methane are considered. The reserves or recoverable gas is 
often taken as 50% of the resource. 

• Based on Decline Curve: This module introduced the area under the production curve (integral 
of the decline curve) that is used to estimate the producible reserves of methane from all 
sources (coal seams and porous non coal strata). It is not necessarily limited by the boundaries 
of the workings. 

When there is a significant difference between the geological and the integral of the decline curve 
estimates of recoverable methane, the reason should be investigated and a rational explanation should 
be included in the pre-feasibility study. Rather than creating a dichotomy, such findings enhance the 
understanding of the reservoir characteristics and its potential performance. 

Numerical Modeling 

Reservoir production behavior can be more accurately represented by models that account for the 
physical characteristics that define the performance of an AMM reservoir. Various unconventional and 
AMM-specific reservoir models have been demonstrated, including: 

• Empirical decline curve fitted to a computational numerical model (USEPA)1 

• Two-phase computational numerical model and simulator (Imperial College, in-house model)2 

• Parallel flow computational model statistically correlated with reservoir parameters3 

o 1USEPA (2004). Methane Emissions from abandoned coal mines in the United States: Emissions Inventory 
Methodology and 1990-2002 Emissions Estimates.  Washington, D.C. USA 

o 2Sevket Durucan, Ji Quan Shi & Anna Korre (2004). Numerical modelling and prediction of abandoned mine 
methane recovery: field application at the Saar coalfield, Germany, GEOLOGICA BELGICA (2004) 7/3-4: 207-
213 
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o 3B. A. Ogunyomi,  S. Dong  N. La,  L. W. Lake,  C. S. Kabir (2018). An approach to modeling production decline 
in  unconventional reservoirs, J Petrol Explor Prod Technol (2018) 8:871–886

What is Numerical Modeling? 

Numerical modeling involves several steps, and the general process is: 

1. Divide into small individual elements complex physical conditions, such as those encountered in 
geology, rock mechanics, and fluid flow.

2. Write a set of equations characterizing the conditions represented by each element (but their 
solutions are difficult to solve mathematically). It is impractical to represent the full complexity 
of the system being modeled, so the least significant factors are omitted.

3. Converge on a solution using computerized numerical methods. The computations involve a 
sophisticated type of iteration process (in effect, the trial-and-error substitution of numbers).

4. Use numerical simulators to forecast production flow.

5. Test and validate the model by comparing predictions or simulations with measured data.

Hybrid Model: Emission Model by U.S. EPA 

Predicting the future emissions from abandoned mines is complex. A hybrid method uses a combination 
of the previous two approaches (empirical and numerical) fitting empirically measured declined curves 
to numerical simulations to generate emission factor decline curves, as in the model developed by U.S. 
EPA. 

EPA has relied on a commercially available Computational Fluid Dynamics (CFD), using a numerical 
simulation model that was originally developed for oil and gas reservoir simulations, to predict 
emissions from abandoned mines. 

This model was adapted for abandoned mines and is based on reasonable combinations of physical 
attributes for the mine flow capacity, gas content, and adsorption characteristics of the coal. 

The numerical simulator includes a coalbed methane module that incorporates the physics of the 
adsorption and diffusion phenomenon within the flow and material balance equations.  

Hybrid Model: Emission Model by U.S. EPA 

Generalized decline curves have been generated to fit the numerical model results and the appropriate 
curves are selected according to the criteria in the table below. 

• Permeability: Low, medium, High

• Coal Rank: Sub bituminous, bituminous, anthracite

• Mine Size: Small, medium, large

• Classification: Venting, sealed or flooding

The base model is of a single seam working of 2.5m thickness, a void permeability of 75,000 millidarcies 
(md) (to account for roof falls and stopping resistances), and a void volume of 10% of the bulk volume.
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EPA Model Curves for Bituminous Rank 

This slide presents graphs of generalized EPA model curves for bituminous rank coal at mid-sized and 
large-sized mines. 

Other Models 

Other numerical and computational models that can potentially be used to predict reservoir production 
behavior include: 

Two-phase numerical simulator: A two-phase numerical simulator for predicting AMM recovery has 
been developed at Imperial College in London by adapting an in-house, CBM gas-water model. 
Characteristics of the two-phase numerical simulator include: 

• Permeability characterization – enhanced permeability is assigned to mined-out areas to reflect 
mining induced changes. This is similar in concept to the treatment of the de-stressed strata 
above longwalls used in the geological model (as discussed in Module 3). 

• The model was validated using monitored data from a producing AMM project in the Saar 
coalfield, Germany. 

• Close history matching confirmed its applicability to undeveloped AMM prospects elsewhere in 
the Saar coalfield. 

Statistical model-based analyses: Statistical model-based analyses of production data from 
unconventional reservoirs can help to refine forecasts in combination with a parallel flow model. 
Characteristics of statistical model-based analyses include: 

• The parallel flow model is based on the concept that the reservoir contains multiple 
independent declining elements, all with different time constants. 

o This type of analysis has revealed different time domains in production behavior that 
are independent of operational changes. 

• The method has limited applicability to AMM reservoirs compared to other numerical methods 
in that a producing reservoir is needed to develop and validate the model. 

• Furthermore, the statistical correlative studies require data from multiple wells, whereas an 
AMM reservoir may only require a single production well. 

Custom & Practice vs. Technology 

Even for AMM reservoir assets where history matched simulation models are available, a cross-check 
with a DCA is normally conducted to obtain an increased confidence in the numbers. 

Financial institutions tend to prefer the use of straightforward, well-established methods that produce 
repeatable results, rather than complex technical methodologies, irrespective of how well they reflect 
the geology and mechanics of the reservoir. 

In a financial analysis (which will be examined in Module 6), final recovery numbers are sometimes more 
important than the profiles. 
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Quantifying Parameter Variability and Uncertainty 

How Different Calculation Methods Treat Uncertainty 

When determining producible gas flow and reserves, various calculation procedures may be used, singly 
or in combination. 

The most commonly used methods for estimating AMM reserve and production flows are deterministic 
relying on precise values, but in reality inputs are subject to considerable uncertainty. The deterministic 
methods: 

• Calculate reserve values that are tangible and explainable 

• Ignore uncertainty in the input data 

Therefore, other methods are needed to identify the range of variability in the most critical geologic and 
engineering factors. Such methods include: 

• Probabilistic methods 

• Geostatistical methods 

Probabilistic Methods 

Probabilistic methods are more rigorous but less commonly used than deterministic methods. These 
methods use a distribution curve for each parameter and, through the use of Monte Carlo simulation, a 
distribution curve for the answer can be developed. 

Quantitative risk analysis applying Monte Carlo simulation methods provides a powerful tool for 
quantifying the uncertainty in geological, engineering, and other important parameters. 

Numerical simulation coupled with Monte Carlo procedures can provide an excellent methodology to 
predict production profiles with a wide variety of reservoir characteristics and producing conditions. 

A probabilistic approach is particularly useful in that it helps to assess uncertainties in terms of financial 
implications. 

Deterministic vs. Probabilistic Methods 

Probabilistic methods have limitations, including: 

• The results are affected by all input parameters, including the most likely and maximum values 
for the parameters. 

• Only the end result is known, not the exact value of any input parameter. 

A comparison of deterministic and probabilistic methods can provide quality assurance: 

• If the results agree, confidence is increased. 

• If the values are significantly different, the assumptions need to be re-examined. 
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Geostatistical Methods 

Geostatistical methodologies can be used in order to incorporate alternative spatial distributions of the 
most relevant reservoir parameters. 

Geostatistical (semi-variogram and covariance) functions quantify the assumption that things nearby 
tend to be more similar than things that are farther apart. They both measure the strength of statistical 
correlation as a function of distance. 

Various combinations of deterministic, probabilistic, and geostatistical methods are used in practice. 

Which Flow Modeling Approach to Choose for a Pre-feasibility Study? 

Generalized decline curves, such as those prepared by the EPA using a hybrid model (where a stock 
curve is selected based on coal rank, permeability, and mine size), may provide a useful first indication 
of AMM producibility, especially for already abandoned mines where flow data are limited. 

Decline curves are simple and intuitive. Flow data measured at intervals over a few months may 
adequately define a curve for a pre-feasibility study, but care must be taken in its extrapolation. The 
integral of the curve (gas reserves) can be checked against the geological reservoir model result. 

More sophisticated numerical, probabilistic, and geostatistical calculation methods are more likely to be 
used at the full feasibility stage for large projects, or basin-wide developments where data are plentiful 
and the computational effort and cost is justified. 

All Models Have Limitations 

Unexpected sudden changes in AMM quality and flow can arise during production, which are unlikely to 
be forecast by a model irrespective of its complexity. For example: 

• A decrease in methane concentration and an increase in carbon dioxide and nitrogen, possibly 
due to a low resistance path bringing additional gas from shallow low-gas workings. 

• Loss of flow and a rapid increase in negative pressure underground due to a collapsed or 
waterlogged connection near the production well. 

Information about the possible occurrence of such factors can be gleaned from: 

• Examination of mine plans 

• Interviews with the mine surveyor 

• Mine water reports (a mandatory requirement in a mine closure plan in some countries) 

• Borehole investigation of old workings 

As will be discussed in module 5, engineering measures can be taken during a planned mine closure to 
mitigate some of the problems. 
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Well Testing at Abandoned Mines 

Overview of Well Testing at Abandoned Mines 

At an already abandoned mine, information about the closure process and gas-related data are often 
lacking. 

In such situations, AMM reservoir testing is an essential part of a pre-feasibility and feasibility study. 

Well testing comprises of: 

• Monitoring of gas composition 

• Flow and pressure monitoring during pumping trials 

Objective of Well Testing at Abandoned Mines 

Objective 

• To gain an understanding of the AMM characteristics and production performance at already 
abandoned mines where information and data are limited. 

Precautions 

• Mine sites are hazardous areas and visitors must be aware of, and comply with, site rules for 
health and safety. 

• In some countries, visitors must undertake an induction course before entering the site 
(particularly at working mines). 

• More stringent precautions will be required when undertaking work at a mine site, such as 
drilling or monitoring. This could include the use of properly trained and certified staff, 
approved contractors, or risk assessments in compliance with regulations. 

Permissions 

• Any drilling operations will require the permission of the landowner and mineral rights holder. 

• Gas flow testing from abandoned mines will also require permission of the gas rights owner. 

Process for Well Testing at Abandoned Mines 

This slide presents a process diagram for well testing/resource assessment at abandoned mines. 

Process for Well Testing at Abandoned Mines 

This slide presents a process diagram for well testing/production testing at abandoned mines. 
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Well Testing Site Works 

Different site works can be conducted to gain an understanding of the AMM characteristics and 
production performance at abandoned mines where information and data are limited. 

Site works include: 

• Gas monitoring using existing boreholes and vents 

• Drilling new monitoring boreholes 

• Monitoring gas composition 

• Gas pumping trials 

Gas Monitoring using Existing Boreholes and Vents 

Monitor gas and water in existing boreholes where available. 

Alternative, suitable access facilities may also exist on some abandoned coal mine sites for gas 
monitoring, namely, vents and pipework installed through sealed shafts or drifts at the time of mine 
closure. 

Vents are installed to prevent gas pressure from building up and erupting at the surface at any points of 
weakness. 

Drilling New Monitoring Boreholes 

Boreholes will need to be drilled if there are no suitable vents or existing boreholes that can be used for 
gas concentration monitoring, water-level monitoring, and gas flow testing. 

The boreholes should be drilled to intersect old mine roadways, and the surface casings cemented and 
sealed to prevent any air from being drawn in during gas pumping tests. 

Whether a borehole is effective at drawing gas to the surface for a well test will depend on drilling 
accuracy, the accuracy of mine plans, the stability of the underground workings at the drilling location, 
and the connectivity of the workings entered. 

At least two boreholes are likely to be required at a minimum: one for gas monitoring, and one into the 
deeper parts of the workings for water level monitoring.   

Monitoring Gas Composition 

The mine gas composition is obtained by adjusting analyses of sampled gas to an air-free basis (to 
eliminate any dilution caused by in-leakage of air). Methane, higher alkanes, nitrogen, and carbon 
dioxide may be present in varying concentrations. 

Gas mixtures drawn from some low-gas mines may consist almost wholly of nitrogen and carbon dioxide 
(‘blackdamp’). 
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Monitoring over a period of a few weeks or more that shows increasing methane concentrations and 
decreasing oxygen concentrations with falling atmospheric pressure, and the converse with rising 
pressure, demonstrates that there is an unsealed surface connection that must be identified and 
treated. 

Gas Pumping Trials 

Measure static pressure (closed borehole pressure) before pumping. If the gas pressure is consistently 
positive, it may indicate that gas is pressured by rising water. 

Undertake gas pumping trials using a borehole to establish gas flow potential and gas quality. Surface 
gas pumps can be the same type that are used on surface gob wells (skid-mounted, gas-powered). 

Measure the flow rate at increasing increments of suction pressure and determine the flow rate at 
maximum pump suction pressure. 

Gas Pumping Trials (continued) 

Investigate whether the oxygen concentration increases with suction pressure. This is important in order 
to determine at what rate methane could be extracted at a usable concentration and outside of the 
explosive range (>30% in air). 

Oxygen concentrations that increase as suction pressure increases indicate air is being drawn into the 
system. Possible causes are: 

• Pipework leaks at the pump 

• An inadequately sealed borehole standpipe 

• The pump drawing into the underground voids through unsealed boreholes, shafts, or drifts 

The leakage cause must be identified and remedied prior to starting an AMM development project. 

Summary of Well Testing  

Well testing is an important tool at coal mines that were closed and abandoned prior to the initiation of 
a pre-feasibility study, because well testing can help determine production rates and gas composition. 

The study is only as good as the data obtained. Therefore, AMM developers should plan to conduct 
multiple well tests over sufficient time periods at different locations to ensure that measurements 
adequately characterize the production potential of the resource. 

Systematic procedures that recognize the importance of AMM as a resource and a source of emissions 
that should be minimized can ensure that mine closures allow for gas testing, flow monitoring, and data 
collection. As a result, mitigation and utilization costs for project development can be reduced. 

Module 4 Summary 

In this module, you learned that: 
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• The production performance of an AMM reservoir is a complex, dynamic process, especially at 
former large mines with workings in multiple seams. 

• Rarely (if ever) will all of the variables be quantifiable or understood at the modeling stage. 

• A range of calculation and modeling techniques are available for assessing reservoir 
performance and forecasting production flows. These include DCA, numerical modeling, and 
hybrids. Probabilistic and geostatistical methods are used to enhance the analysis of complex 
systems, take account of the statistical spread of parameter values, and facilitate coalfield wide 
forecasting. 

• Uncertainties are invariably greater in already closed mines due to the lack of data, and well 
testing is essential at the pre-feasibility stage. 

The tools described in Modules 3 & 4 will provide estimates of AMM reserves and producibility to 
varying levels of accuracy, but there is no substitute for AMM operating experience in a particular 
coalfield. 

Thank You! 

You have completed Module 4. 
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Glossary of Terms 

Abandoned Coal Mine – A mine where the work of all miners has been terminated and production 
activity and mine ventilation have ceased. Mine shafts might be closed and sealed. For purposes of this 
document, a coal mine is referred to as “abandoned”, whether or not the mine was closed according to 
applicable legal requirements. The terms “abandoned mine” and “closed mine” have the same meaning. 
Abandoned mines are not expected to reopen. 

Abandoned Mine Methane (AMM) – The gas remaining, and in some instances newly generated by 
microbes, in abandoned coal mines held in voids, coal seams and other gas bearing strata that have 
been disturbed or intercepted by mining operations. 

Adsorption Isotherm – An empirical relationship that represents the amount adsorbed as a function of 
equilibrium gas pressure at a fixed temperature between the concentration of a solute on the surface of 
an adsorbent to the concentration of the solute in the liquid with which it is in contact. 

Adsorption Pressure – A pressure of the reservoir at which particles adsorb (i.e., stick to the surface of a 
substance), as opposed to desorb. 

Anthracite – The highest rank of coal, i.e., with the highest carbon content and energy density. 

Blackdamp – Choking or suffocating gas, typically carbon dioxide and nitrogen, that is found in coal 
mines. 

Bituminous Coal – A middle rank coal known for its high heating value that is between subbituminous 
and anthracite in quality. 

Borehole – A narrow shaft bored in the ground, either vertically or horizontally. 

Casing – A large diameter pipe that is assembled and inserted into a recently drilled section of a 
borehole. 

Coal Bed Methane (CBM) – Methane extracted from coal seams before mining occurs. CBM is also 
known as virgin coal seam methane or coal seam gas. It is widely considered an "unconventional" source 
of natural gas. 

Coal Seam – A bed of coal usually thick enough to be profitably mined. 

Computational Fluid Dynamics (CFD) – A branch of fluid mechanics that uses computer based numerical 
analysis and algorithms to simulate, analyze, and solve problems in fluid flow. 

De-stressed – Relief of pressure concentrations caused by mining or geological factors. 

Decline Curve Analysis – An estimation technique for reservoir production that was developed to 
extrapolate trends in the production data from oil and gas wells, first documented by J.J. Arps in 1945. 
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Deterministic Methods – A method in which the chance of occurrence of the variable involved is 
ignored and the method or model used is considered to follow a definite law of certainty, and not 
probability. 

Diffusion – A measure of the mobility of gases from one gradient to another. 

Discrete Flooding – Mine flooding that only affects a portion of the mine. 

Drainage – Removing methane from coal seams and/or surrounding rock strata. 

Drift – A horizontal or sub-horizontal development opening into the mine. 

Expected Ultimate Recovery (EUR) – An approximation of the quantity of oil or gas that is potentially 
recoverable or has already been recovered from a reserve well. 

Feasibility Studies – A type of study for assessing the viability of an AMM project. This type of study is 
characterized by being thorough and investigating the economic and technical feasibility of project 
development. A report produced by such a study is considered “bankable”, i.e., documentation is 
sufficient to secure project financing. 

Fissures – A fracture in the rock along which there is distinct separation. 

Fracking (Hydraulic Fracturing) – The practice of injecting pressurized liquid into a rock formation to 
create fractures within the rocks and increase permeability. In some coal mining instances, incidental 
fracturing of coal can be induced through mining activities. 

Gas Composition – The gas composition of any gas can be characterized by listing the pure substances it 
contains and stating for each substance its proportion of the gas mixture's molecule count. 

Gas Content – Volume of gas contained in a unit mass of coal and is generally expressed in cubic meters, 
at standard pressure and temperature conditions, per ton of coal. 

Gas Drainage – Degasification methods employed by underground coal mines, abandoned mines, and 
occasionally surface mines, for capturing the naturally occurring gas in coal seams to prevent it entering 
mine airways. Gas drainage systems include a combination of drainage boreholes and/or galleries, a 
gathering network, and vacuum pumps to draw gas to the surface. Gas can be removed from coal seams 
in advance of mining using pre-drainage techniques and from coal seams disturbed by the extraction 
process using post-drainage techniques. It is often referred to as methane drainage if methane is the 
main gas component target to be captured. Gas drainage produces coal mine methane of a higher 
quality than ventilation, generally in the 25 — 100 percent range. 

Gas Production – The quantity of gas produced by pre-mine drainage and post-mine drainage boreholes 
and drainage galleries. 

Geostatistical Method – A method that uses a class of statistics to analyze and predict the values 
associated with spatial or spatiotemporal phenomena. 
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Global Methane Initiative (GMI) – Launched in 2004, the GMI is an international public-private initiative 
that advances cost-effective, near-term methane abatement and recovery and use of methane as a 
clean energy source in three sectors: biogas (including agriculture, municipal solid waste, and 
wastewater), coal mines, and oil and gas systems. Focusing collective efforts on methane emission 
sources is a cost-effective approach to reduce greenhouse gas (GHG) emissions and increase energy 
security, enhance economic growth, improve air quality and improve worker safety. 

Gob (Goaf) – Broken, permeable ground where coal has been extracted by longwall coal mining and the 
roof has been allowed to collapse, thus fracturing and de-stressing strata above and, to a lesser extent, 
below the seam being worked. The term gob is generally used in the United States; elsewhere, goaf is 
generally used. 

Intergovernmental Panel on Climate Change (IPCC) – A body of the United Nation tasked with assessing 
the science related to climate change. 

Laminar Flow – Flow in which fluid (gas) travels smoothly or in regular, predictable paths. 

Longwall – One of three major underground coal mining methods currently in use. Employs a shearer 
which is pulled mechanically back and forth across a face of coal that is usually several hundred feet 
long. This mining method can produce large quantities of coal and gas. 

Methane – Methane is a potent greenhouse gas. Methane's lifetime in the atmosphere is much shorter 
than carbon dioxide, but it is 28-35 times as efficient at trapping radiation than CO2 over a 100-year 
period. Methane is the main precursor of ground level ozone pollution, and thus affects air quality. 
Methane is also an energy resource that can be captured and used. Methane in mines poses safety risks, 
due to its explosiveness when mixed with air. 

Monte Carlo Simulation – A model used to predict the probability of different outcomes in a process 
that cannot easily be predicted due to the intervention of random variables. It is a technique used to 
understand the impact of risk and uncertainty in prediction and forecasting models. 

Numerical Simulator – A calculation that is run on computer following a program that implements a 
mathematical model for a physical system. 

Parallel Flow Model – A model based on the concept that that the reservoir contains multiple 
independent declining elements all with different time constants. 

Permeability – The state or quality of a material or membrane that causes it to allow liquids or gases to 
pass through it. 

Pore Space – The free space between the mineral grains of coal. 

Porosity – The measure of void or pores space present when a solid and is represented by volume 
percentage of void in the solid. It defines the maximum possible amount of methane that can be 
retained in the coal. 

Pre-Feasibility Studies – Typically provide a detailed technical analysis of site-specific information and 
considers project financing. Provides a gas production forecast and a review of current gas drainage 
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practices. However, this document provides less granularity than a full feasibility study. This document is 
typically not considered a “bankable” document. 

Probabilistic Methods – Methods based on the theory of probability or the fact that randomness plays a 
role in predicting future events. 

Rank – The classification of coals according to their degree of metamorphism, progressive alteration, or 
coalification (maturation) in the natural series from lignite to anthracite. 

Residual Gas Content – The quantity of gas remaining in a sample of coal following a period of gas 
desorption. 

Reservoir Simulation – Provides a consistent and reliable way to account for the complex mechanisms 
of coal seam gas desorption and diffusion. Also provides the opportunity for field and laboratory data to 
be integrated into a single geologic/reservoir model to evaluate exploration and development 
strategies. 

Risk Analysis – Examining how project outcomes and objectives might change due to the impact of the 
risk event. Once the risks are identified, they are analyzed to identify the qualitative and quantitative 
impact of the risk on the project so that appropriate steps can be taken to mitigate them. 

Roadway – Any mine track used to transport material (coal). 

Shaft – A vertical of near-vertical opening into the mine. 

Sorption Pressure – An encompassing term for a pressure of the reservoir at which particles either stick 
to the surface (adsorption) or leave the surface (desorption) through a process related to the 
surrounding pressure of the reservoir. 

Static Pressure – The pressure of a fluid (gas) on a body when the body is at rest relative to the fluid. 

Standpipe – A system of pipes that connect the components of a gas drainage system. 

Statistical Model – A mathematical model that embodies a set of statistical assumptions concerning the 
generation of sample data. 

Strata – A layer of sedimentary rock or soil; refers to a layer of coal in this instance. 

Subbituminous Coal – A rank of coal with a low-to-moderate heating value; mainly used for electricity 
generation. 

Suction Pressure – The intake pressure generated from gas pumps. 

Suction Pumps (Gas Pump) – A pump used in Petroleum production responsible for drawing out 
liquids/gasses by means of suction. 
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Surface Casing – The large-diameter, relatively low-pressure pipe string is placed near the surface and 
well pump. Surface casing is designed with particular focus to protect shallow aquifers and for blowout 
prevention. 

Unconventional Reservoir – A gas reservoir that cannot be produced with conventional techniques. The 
assistance of massive stimulation treatments is necessary to produce gas at economic flow rates. 

United Nations Economic Commission for Europe (UNECE) – The UNECE is one of the five regional 
commissions under the jurisdiction of the United Nations Economic and Social Council. It was 
established in order to promote economic cooperation and integrations among its member states. The 
commission is composed of 56 member states, most of which are based in Europe, as well as a few 
outside of Europe. 

United States Environmental Protection Agency (USEPA) – An independent executive agency of the 
federal government of the United States federal tasked with protecting human health and the 
environment. 

Ventilation – Controlling the flow of air to change the concentration of methane or other deleterious 
gases within mine working areas. 

Venting – Direct release of natural gas into the atmosphere. 

Vent Pipe – Small pipe used in abandoned mines to allow for small amounts of gas to be released. Vent 
Pipes are installed so that pressure does not build up to dangerous levels. 

Void – The area of excavation that remains after mining is complete. 
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