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Welcome 

ft EA•A United States The United States Environmenta l Protection Agency (EPA) .,_w_. 1'1111\ Environmental Protection 
,.,. __ _ _ Agency 

developed th is course in sup.port of the GMI and in 
conjunction w ith the United Nations Econom ic Commission UNECE
for Europe (UNECE). What is the GMil? 



What Is the Global Methane Initiative? 

GMI Partner Countries 

.. Global 
Methane lnit·ative 

The Gllobal Methane Initiative (GMII) is a 
v,oluntary, mu ltilateral pa1rtnership that aiims 
to, reduce methane e·missiions and to advance 
the abatement, recovery, and use of rmethane 
as a cl·ean energy .source 

GMI Part er Countries acc,ount for early 70% of tota l gllobal manmade methane 
em:i:Ssiio•ns, which :is eq1u1iva:lent to,approximately 5,000 MMTCO2e. 



Conducting CMM Project Pre-Feasi6ility Studies: 
Course !Modules 

Modu le 1: Introduction and Objectives 

Modu le 2: Mine Background Information and Eva luation 

Module 3: Res,ource Assessment 
Modu le 4 : Forecasting Methane Production f rom Gas Drainage Systems 

Modu le 5: Improvements to Gas Drainage 

Modu le 6: Quantifying the Benefits of Improvements to Methane Drainage Systems 

Modu le 7: Market, Risk, and Financial Ana lyses 

Modu le 8: Case Study - Liu long M ine, Ch ina 



Module 3 

Resource Ass,essment 



What You Will Learn 

In this modu le, y,ou w ill learn about: 
• Th,e purpose and role of a resource assessment in a pre

feas ibillity study. 

• Th,e procedures and techniques for conducting project-specific 
assessm1ents. 

• How to identify the data necessary fo r conductin,g a pre
feas ibiliity resou rce assessm,ent. 

• How these data are acqu ired, analyzed, and interpreted to 
support ,development of a CM M project pre-feasibillity study. 



Resource Assessment Overview 

A gas resource assessment for a CMM proje,ct 
refers to the estimation of coal and g1as 
resources, inclludin1g extractable gas reserves, 
within and near a coal mine complex. 

Resou rce assessments are crit ica l to eva luating 
prospects for pre-m ine and post -m ine gas drainage 
for a pre-feasib ility st udy. 

An accurate resou rce assessment can help mine 
owners and operators and project developers 
understand the v,olume of gas-in-place (GIP) and 
the potential gas product ion capac ity of a m ine. 

Methane resources are 
initially estimated based 
on physical properties of 
coal su.ch as: 

• Gas content 

• Thickness 

• Density 



Pre-feasi bi Iity vs Feasi bi Iity Studies 

The table below presents a comparison of data required for a pre-feas ibility study 
versus a fu ll feasibility study. 

Pre-feasi'bility Study 

It is general ly acceptable to re ly o,n and 
interpret existing data, typical ly 
obta ined from the mine owner or 
operator, a pub lic agency, or other 
sources. Such data can be 
supplemented by fie ld or laboratory 
data, if possible. 

Feasibility Study 

Requ ires a more robust and 
comprehensive assessment based ,on 
existing data and new data obtained 
from core holes, geolog ical surveys, 
engineering assessments, and reservoir 
modeling. 



Benefits of Reso 1urce Assessments 

The benefits of conducting resource assessments include the fo llowing: 

Re,ducing 
project riisk 

Helping to 
accurately 
forecast 

ventilation 
emissions 

Improving min 1e 
safety 

Providing critical 
data inputs used 

in financial 
models 

.. 
Click on each of the benefits to learn more. 



1Be1nef'its of R,e·s0urc·e A·ss,essmen1ts 

The benefits of conducting resource assessments include the fol low1ing: 

Reducing project risk 

Project risk is reduced 
through the accurate 

estimation of ,GIP. 

Helping to accurately 
forecast ventilation 

emissions 

Ventilation emissions and 
the possible need for pre
mine/post-mine methane 

drainage can be accurately 
forecasted because GIP 
estimates resulting from 
resource assessments can 

be used to predict gas 
emissions into the mine 

workings_ 

Improving mine safety 

Mine safety is improved 
because the data and 
knowledge obtained 

support the dev,~llopment 
of more effect1ve gas 

dlrainag:e and ventilation 
systems. 

Providing critical data 
inputs used in financial 

models 

Critical data inputs are 
obtained that are used in 

financial models to . 
determine the economic 

feasibility and the 
antidpated cost savings of 

a methane drainage 
project_ 

.. 
1Click on ,each ,of the benefits to learn more. 



The Origin of Gas in Coal 

Time 

By-Product s 

Organic Debris Peat 
Pressure 

• Water 
• Methane 
• Carbon Dioxide 

Res idua l Products 
• Coa l 
• Methane 

The naturally-occurring gases found in coal seams generally consist of methane (typically 80% to 
95%) with lower percentages of heavier hydrocarbon gases, nitrogen, and carbon dioxide. 
Methane was formed as a result of chemical reactions as organic matter was buried at depth and 
subjected to increased heat and pressure and transformed into coal. 



The Origin of Gas in Coal (Continued) 

The greater the temperature, pressure, and duration 
of coa l burial, the higher t he coa l maturity and the 
greater the amount of gas generated_ Today, t he gas 
is adsorbed ,onto organ ic matter and is found in the 
pore space of coa l and rock layers in the subsurface. 

During a resource assessment, CMM project 
devel,opers gather geolog ic data to determine the 
vo lume and composition of gases present in the coal. 
Subsequently, the mine's coal production plan is 
app lied to predict potential gas releases into the mine 
workin,gs. 



Steps in a Resource Assessment 
Maps of Coal Reservoir Properties 

The resou rce assessment steps and t he order in w hich 
they are conducted depend on data ava ilability, level of .~ Depth and Th ickness Screen 
detail, and conf idence in the obtained data . 

Th is modu le presents a log ica l workflo,w t hat is 
norma lly undertaken for gas resou rce assessments : Coal Resources 

• Gather coa l reservo ir propert ies (dept h, 
th ickness, gas co,ntent, etc.). 

Depth and Reservoir Pressure• Develop a geograph ic info rmat io,n system (G IS) 
- ·-· ·- ...-database of the area . 

• Compute coa l and gas in-p lace resources, 
Gas Content

subtract ing out non-producible areas (village, 
loca l mines, etc .). 

• Use GIS to est imate CMM resources fo r each GIP 
panel/area . 



Data for Resource Assessments 

Conduct ing an accurate gas resource assessment requ ires t he fo llowing categories 
of geol,ogic data: 

Geologic Basin that contains 
coal bearing formations 

Geo,logic Stratigraphi,c Structural 
Basin Data Data Data 

of geologic 
Pjj~of 

rods 

.. 
Click on each of the catego,ries and the image to learn mo,re. 



Conducting an accurate gas resource assessment requiires the foll:owing cate,gonies 
of geolog:ic dlata : 

Geol!ogic Basi1n that conta·ns 
,coal beanng1forma~to1nsStratigraphic Data Structural Data

Geologic Basin Data 

Provi des information Provides information
Provides information 

on thickness and on geological
on the deposition and 

depths of rock and structures below
1maturity of the coal 

coal layers in the gas ground that may
forimations in the 

producing affect mining
basin. formations_ processes_ 

.. 
,Click on ,each1 of the cate,gories andl thie iimage to l,ear:n more.. 



D,ata Considerations 

Uncertainty ,of ava ilable gas resources increases CMM project risk. Exist ing data 
f ro·m public sources or from the mine owner or operator shou ld be sufficient for a 
pre-feasibi lity study. When data are unava ilable for the target location, proxy data 
can be used as long as th is is noted in t he study. 

A lthough it is not typical for a pre-feasibi lity study, the project developer may 
undert ake geolog ic exploratory work, rather than relying on existing data (which 
can be of uncerta in qual ity), to obta in direct me·asurements of the gas-be·aring 
st rat a. 

The following slides highli,ght how geologic, stratigraphic, and structural data can be used by 
project developers to prepare the assessment of gas resources for a CMM project. 



Geologic Data Inputs: Basin Geology 

Coa l is found in sed im1enta ry basins_ A basin's characteristics control the gas 
resources in the coa l format i,ons_ Understand ing the basin geology is, therefore, 
fundamenta l to develop ing an accurate picture of the gas resou rces that may be 
ava ilab le for recovery and use at a coa l m1ine. 

Caal ....... ._, e111111-.... llllillill 'Sbt 

Relevant basin geology factors to consider include: 

► Tecton ic sett ing (fau lt ing, intrusions, etc)_ 

► Basin development 

► Deposit ional history 

► Adjacent strata 

► Coa l seam th ickness 

► Coa l seam geometry 

► Coa l seam depth Coal Fields of the Conterminous 
United States 



Geologic Data Inputs: Regional Stratigraphy 

Stratigraphy organ izes bod ies of rock spatially and 
chronolo,gica lly according to the ir common characteri st ics. 
Class if ication, correlation, and mapping o,f sed imentary rocks in 
the subsurface allows fo r effect ive eva luat io,n of seam t hickness, 
depth, system cont inu ity, and trend direct ions of the coal 
reso,urces and gas-bearing fo rmations. 

A pre-feas ibility or feas ibility study includes a review and 
analysis of existing stratigraphic data in the mining area . 

Stratigraph ic su rveys, typica lly conducted by geolog ists, define 
rock and coa l st rata t hickness, depth, and type. These surveys 
also descri be the potential inf luence of un-m ined gas-bea ring 
strata on mined coa l seams. 

N~ sol"SeJecied LJ 
Units 
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1Strati,graph1ic d,a1ta t lhat help interpret reg1ii,0nal stratiigra1phy in1,clude.: 

► Re1presentatiive ,core logs 

• IMine,d seams 

• Surroundiing strata 

► C·oal ch1aracterist1ics 

• Proxi1mate anallyses 

• IRank 

• !Mineral matter co,ntent 

► Geo,physical logs 



Geologic Data Inputs: Subsurface Structure 

The subsurface is rarely uniform due to structures that affect t he position, 
orientation, and presence of strata. These st ructures can include fau lts, channels, 
fo lds, and other features. 

The location and type of st ructu re can impact 
gas availability and gas flow, as well as t he 
l,ocation and design of boreholes in the gas 
drainage plan. 

Structura l assessment of t he reg iona l geolo,gy is 
needed to: 

• Anticipate gieolo,gi ica l structures below su rface 
and their impact on mining and gas prod uct ion . 

• Help develop a safe, effective plan to,work 
around the geologi ica l featu res . 
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Pre-feasibility Studies and Geologic Structures 

A pre-feasibll ty study shou ld identify any known geological structures based 
on existing data, maps, and ,guidance provided by the mine owner or operator, 
or other knowled,geable party. The p,otential impact on gas availability and the 
gas dra inage plan shoul ,d also be explained. 

A full feasibility study will include a more thorough assessment of subsurface 
structures with a ,detailed plan to mitigate the impact of those structures on the 
gas dra inage plan. 



. ss . 
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Examples o,f Geologic Data 

✓ Descriptive logs 

✓ Geo,physica l logs 

✓ Oriented logs from 
exploration drill ing 

✓ G1eophysica l data from 
seismic surveys and 
lineam1ent mapping 

Geologic Data Inputs: Geologic 
ExpIoration 

To reduce ,(MM project risks, the party 

undertaking the resou rce assessment (for 
example, the project developer, or m ine owner 

or operator) may obtain an1d analyze relevant 
geolog1ic data ava ilable throug h explo ration 
activities that include core wells and 
geop,hysica l surveys _ 

Geologic data compiled from exp loration 
activit ies w ill improve the accu racy an,d 
confidence in the resource assessment . 



Data from Geologic Exploration 

Exp loration activit ies are rarely undertaken for pre-feasibi lity stud ies due to cost, 
t iming, and lack of an exp loration license. 

Exp loration is more common for a fu ll feas ibi lity study and may be necessary to 
secure project financing. 

Project developers can use data from geolog ical 
surveys to: 

► Accurately plan locations for wells 

► Reduce the probabil ity of dril ling dry wells 

► Determ ine the need for further drilling 

► Minimize the environmenta l impact of the 
exploration 
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Estimating Gas-in-Place 

Estimating GIP is the p,rimary objective of the resource assessment because it 
provi ,des an estimate of the total volume of gas potentially available for 
recovery and use. 

GIP estimates not on ly provide input data for reservo ir models and gas 
prediction models used for CMM pre-feasib ili ty/feas ib il ity studies, b,ut also 
more broad ly fo r mine planning and op,erations includ ing: 

• M ine layout 

• M ine vent ilation plan 

• Gas dra inage plan 

• lm1pact on coa l production due to de-pressurization of the gas reservoir 

• Residua l gas content and impact on management of mined-out areas 



GIP Estimates and CMM Projects 

A CMM project may not be viab le if the total GIP is too smal l, even if 
oth1er factors such as permeabi lity and porosity are favorable. 

Wit a GIP esti te, he project developer 
can ake an i formed dec·sion to continue 
or stop a pre-feas"bility or · eas"bi ity stu y. 



GIP Equation 

Project developers calcu,late GIP using four basic parameters: 

► Area 

► Seam th ickness 

► Coa l density 

► In-situ gas content 

Gas-in-pace Eq ation 

GIP - H x (1 (a m)) x GC x x A 

H = Co,mpletable coal th ickness (ft or m) 

a = Ash content(%) 

m = Mo,isture content(%) 

GC = Gas content (ft3/ton or m3/ton) 

D = Coal density (glee) 

A = Area (acres or hectares) 



GIP Calculation: Defining Seam Thickness 

Geologic data inputs, includ ing well lo,g data 
and stratigraphic data, are use,d to construct 
coal isopach maps that show the thiickness 
of the coal seam(s) th roughout t he target 
production area _ 

When ca lculating GIP, the density of the coal 
needs to be considered_ This is because ash 
and other minera l matter that does not hold 
gas wiill increase the ton nage of coal 
calculated and potentially overstate the GIP if 
a density correction is not applied . 
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Coal density is generally derived 
from proximate/u lt imate ana lyses 

that determ ine ash, moisture 
co,ntent, and other coa l propert ies. 



GIIP Calculation: Ash Content 

Ash is the non-comb1ustible residue formed from the inorgan ic or 
mineral componen1ts of th1e coa l. 

Ash may be incorporated fro,m the orig inal swamp environment or 
wash,ed or blown into the coal seam during accumulat ion. 

Ash con ent is often 
cons·dered to be the 

main parameter 
af ect· g me hane 

adsorption capaci y. 

As ash content increases/ Methane 
pore space capacity adsorption ► decreasesdecreases 



GIP Ca llcullation: Mois,t,ure Conte1nt 

Most coals have some amount of 
moisture associated w ith them, 
ra nging f rom 2°10 to 70°10 . 

Moisture is an undesirabl,e 
constituent w ith in coa l as it reduces 
t he heating val ue, reduces t he 
amo,unt of pore space ava ilable for 
gas, and its weight adds to t h1e 
t ransportation costs of coa l. 



GIP Calculation: Assessing Gas Content 

Gas content is important because it defines the 
quantity of gas in a ton of coa l before distu rbance 
in-situ. The volume of gas can t hen be extrapolated 
over the m ining area to determ ine the tota l GIP. 

Gas content is usua lly expressed in cub ic m1eters of 
met hane per ton of coa l (m3 CHJmetric tonne of 
coa l) or cubic feet per ton of coal (f t 3/ton of coal). 

For a pre-feas ibility or fu ll feasibility study, t he 
project developer may obta in gas content data f rom 
t he m ine owner ,or operator, a geolo,gic survey, or 
from another sou rce. The developer may also tak,e 
core samp les for lab ana lys is. 

If re lying on existing data, the 
project developer shou ld 

confirm how the resul ts were 
determ in,ed and the re liabili ty 

of t he results. 

Gas (in teal circles) desorption, diffusion, 
and Darcy viscous fl!ow in coal matrix 
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Assessing Gas Content: Overview of Methods 

The diffe rences between direct and in1direct m1eth1ods of assessi ng gas 
content are described in t h1e table belo,w . 

• Core desorption measurements 

► most accurate, w idely used 

• D,rill cutting desorption 
m,easurements 

~ 

Indirect Metho,d 

• Adsorption isotherm/pressure 

• Ana logous study 

► Gas content/depth 
relationsh ips 

► Geophysica l logs 
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Assessing Gas Content: Direct Method 

If the project developer decides to measure gas content rather than rely on 
existing sources, the most w idely p,racticed and accepted approach is to 
obtain coal cores from exploration boreholes in und istu rbed areas and seal 
coa l samples in gas-tight can isters. 

Desorption Recor Example 
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These samples are maintained at near-reservoir 
temperature wh ile gas is al lowed to desorb. The 
measured release rate allows estimation of the 
,gas lost prior to sampl ing. Period ically, t he gas 
in the canister is allowed to f low into the 
measuring cylinder and the volume of gas is 
measured and recorded. 
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Assessing Gas Content: Direct Method (Continued) 

The composition of the ,gas 
may be analyzed by capt uring 
a sample and submitting it for 
chem ica l analysis. 

Important data collected from 
desorpt ion testing include gas 
content, desorpt ion 
characterist ics, and diffusion 
coefficient. 

Equipment for Desorptio,n Testing of Coal Samples 

B 
Manometric Set-up Canister Diagram 



Assessing Gas Content: Indirect Method 

Wh ile the most accurate way to measure in-situ gas content is by obta ining coal 
cores from areas of interest, this method is expensive and t ime consum ing. 

Coa l seam ,gas content can be estimated through adsorption isotherms constructed 
in a lab. Th is method requ ires col lecting coal samples and send ing them to a lab. 

Lab pu lveri zes coal, allows to reach equ ili brium moisture. 

Lab injects methane and allows coal to adsorb. Lab measures methane 
volume at different pressure increments. 

Lab typical ly injects methane at 6 to 8 d ifferent pressures to f it Langmuir 
cu rve . 

Lab tries to run va rious coa l ranks and macera l content combinations to 
bracket reservoir var iability. 

Lab determines Langmui r Volume and Langmuir Pressu re. 

Cl ick to view an 
example coal seam 
gas content graph 
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Implications of Coal Density 

Density used to define coa l ra nk, typica lly referred to as pay cutoff density, 
influences seam th ickness and the GIP ca lcu lations. Coal t hickness cutoff criteria 
(logs) : 

• Include ash, moisture, adsorbed gas, porosity, and flu ids in porosity. 

• Typ ica lly use density cut-,offs in the range O·f 1.5 to 1.6 glee, although some 
companies use higher values. 

Example Coal De sity Chart 
..--------.10 

As density cut-off increases, 

th ickness and ash content increase 

- --..._ ---
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GIP Calculation: Area 

Area, or drilllab le area, represents th,e aerial 
extent (surface extent) in acres or hectares 
of the in-situ coal seams that have the 
potential to store gas. 

Area can easily be ca lculated using GIS, or 
if GIS, is unavai lab le, then t h1is can be 
assessed manua lly using trad it iona l 
surveying techniques. 

No n-prod ucible 

areas are subtract ed 

f rom the tota l 

calcu lated area. 



Putting it All Together 

Once all o,f the data have been1 
gathered and collated, it can 
either be calcullated in GIS or 
calculated man1uaHy to 
determine the GIP. 



Module 3 Summary 

Th is modu le described t he g1as and coa l resource assessment pro,cess and t he too ls used to, 
develop that assessment. o,ata on reg io nal geology and coa l propert ies serve cr it ica l ro les in 
underst anding the potent ial gas product ion capacity of a m ine. Project developers can beg in 
est imating metha ne emiss ions and determining CMM project feasibility f rom t he resource 
assessment ana lyses. 

it is appro,p ri ate for project developers to re ly o n exist ing and p roxy data f rom the m ine 
owner or o,perator (or f rom other sources) for a pre-feas ibility study report, but it sho uld be 
stated in the repor t when such data are used, and th,e uncertainti,es and limitat ions o,f the 
data should be noted. For a fu ll f easibility study, t he project developer may w ish to obtain 
fi eld or laboratory data to develop a more accu rate resou rce assessment. 

Data collected and evaluated (as discussed in Modules 2 and 3) provide the basis for 
identifying improvements to gas drainage, which will be presented in Module 5. 



You have completed Module 3. 
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