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Welcome 

ft EA~United Sta esThe United States Environmenta l Protection Agency (EPA) .._..,_. · Environmental Protection 
~,,. A91ency 

developed t his course in sup,port of the, GMI and in 
conjunction w ith the LJlnited Nat io,ns Econom ic Commiss ion 
for Eu rope (UNECE). What is the GM I? 

u 



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. 
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Modu le 1: 

Module 2: 

Modu le 3: 

Modiule 4· 
Module 5: 

Module ,6: 

Module 7: 

Module 8: 

Introduct ion and Objectives 

M ine Backg ro,und !Infor mat ion and Eva luation 

Resource,Assess1ment 

Forecasting Methane Production from Gas Drainage Systems 
lmprov,eme,nts to Gas Drainage 

Quantifying the, B,enef its of Improvements to Methane Dr ainage Systems 

Market , Risk, and Financial Analyses 

Case Study - Liulong Mine, Ch ina 



Module 4 

Forecasting Methane Production from 
Gas Drainage Systems 



What You Will Learn 

After completing this module, you wil l: 

• Be fami liar w ith methods for 
forecasting gas drainage production. 

• Understand how the forecast 
ana lysis depends on the quality and: 
quantity o,f ava ilable data. 



Forecasting CMM Production from Methane 
Drainage Systems 
Project dlevelopers can re ly on several types of approaches to fo recast CMM 
pro,ductio,n from methane dra inage systems. The be5t appiroach depends on the 
amount and types of data available. 

Methods to, forecast CM M 
production inclu,de: 

• Prolbabilistic methods 

• Analytical m1,ethods 

• Res,ervo,ir siimulatio,n 



l

Forecasting: Probabi listic Methods 

Analytical methods 

Reservoir simulation 

Used when the 1project developer does not 
have sufficient or reliable empirical data. 

Probab1 il istic methods use a rang1e of estimated 
vallues to pired ict the, pro,babiliity of differ,ent 
outco,mes. 

Therefore, probabilistic m,etho,ds use random1ness 
to solve pro,b l,ems that may lbe inlh,er,ently1 

det1erministic (i.,e., fu lly determiined by the 
parameter value,s and in it ial vallues). 



Forecasting: Analytical Methods 

Probabilistic methods 

Reservoir simulation 

Used when the project developers have 
sufficient or reliable field data. 

Ana lytical methods us,e a rang,e o,f f ielld dlata 
values to pr,edict futur,e m,ethane, productio,n from 
gas drainag1,e syste1ms by applying analytical 
techn1que5. 

These anallytica l techniques may iinclude 
vollumetrics analysis or fie ld-derived production 
re iationsh ips. 
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Forecasting: Reservo·r Simulation 

Probab1iIistic methods 

Ana lytical methods 

Used when project developers have access 
to field and laboratory data on coal seam 
parameteirs. 

Reservoir si1mulation provides a means to account 
for the complex mechanis1ms of co,albed methane 
gas desorpt ion, diffusion, and f low. 

This 1m,etho·d allows the integration o,f f iel,d and 
laboratory data into a single g,eolog idr1es,ervoir 
model in order to1 evaluate pre-mining m,ethane 
dra inage strategi,es. 
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Se ecting an Approach to Forecast CMM Production 

Exp,erts, including mining and reservoir engineers, d,evelop mode ls, siimulations, 
and/or software for each of these approaches to fo,recast CMM prod uct ion fro,m 
methane drai nage systems. 

The amount and types of data that are avai labl,e to a 1project develo,per often 
dictate wh ich approach is the most ap,propriate. 



Probabilistic Methods 



Forecasting CMM Production through Probabilist·c 
Methods 

Estimating gas drainage production requires the knowledge of 1many variables, 
wh ich may not always be ava ilable to a project developer. Therefore, proJect 
d,evelopers may need to re ly on prob,ab ilistic methods, wh ich use computat iona l 
algorithms to pred ict t he probab ility of certa in methane ·drainag,e characteristics. 

One·example of a prolbabilistic method is the 
Methane Control an,d Pr,ediction (" MCP") software 
thiat was deve·loped by National Institute for 
Occupational Safety and Health (Note: the software 
is currently being updated) _ Publicly available, the 
MCP software predicts mine methane emissions and 
estimates ,degasification system pro,duction rates 
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Probabilistic Method Approach 

Pro,bab,il istic methods, such as the MCP softwar,e, use a lbroad class of computationa l 
algorith1ms that rely on rep,eated random samp,ling to obta in numerica l resu lts. 

• The und,erlying conce1pt 1s to use randomness 
to sollv,e prob lems that might b,e determ inistic 
in principle,_ 

• These simulations are used to pred ict the 
probability of dif ferent outcome,s when the, 
intervent ion of random vanab,les is pres,ent . 

• This method helps ,explain the impact of ri sk 
and uncerta inty in pre·diction and forecasting 
m1od,els. 
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Wh1en to Use Probabilisti ,c Methods 

o,evelope,rs use 1probabilist ic m1,ethods wh,en t he,ava ilab,le data are limited_ 

This ap,proach can provide upper and lower limits for forecasted CMM product ion 
from gas dra inage, lbut it is not as accu rate as analytica l techniques that are lbased 
on mining and coa l reservoir characteristics. 

For example, probabilistic analys is can 
be appl ied to forecast gas production 
from the drainage of gob gas, which 
is methane released from mined-out 
areas. In this examp le, the analysis 
wou ld util ize a range of data, 
including mining parameters and coal 
production forecasts . 

Parameters may include: 

• Slotted casing length 

• Distance (from surface) to slotted casing top 

• Slotted casing diameter 

• Slotted casing distance from top of coal 

• Distance of gob gas borehole to ta ilgate 

• Distance of gob gas borehole from start of panel 

• Average exhauster vacuum 
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Examples of Probabilistic Method Outputs 
In addit ion to forecast ing gob gas drainage, pr,obabilist ic methods ca n also be app lied 
to in-seam boreho les, cro,ss-m,easure boreholes, or any ot h,er methane dra inage 
techniques. Exam ple fo recasts using pro,bab ilistic methods are presented below. 

Coall Production Fore,casted CMM Drainage 
1.6 

1.4 

u 

1.0 

0.6 

0.4 

0.2 

0.0 
2014 2015 2016 2017 2018 2019 2020 2021 2022 

Year 

An example of an 8-year coa l production 
forecast provided by a mine 

An example of ·forecasted CMM drainage for a 
10-year period showing high, low, and 

• · • · • r r • 1 • 



Analytical Methods 
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Forecasting CMM Production through Analyt·cal 
Methods 
To ,estimate t he rates ·Of gas product ion from m,ethane drainage syst ems, project 
developers ca n use ana lytica l t echniques w hen ad,equat e data are ava ilab le. 

These analytica l techn i•ques may includ,e volumetric ana lys is or numer ica l 
ca lcu lat10,ns. Develo1pers can use th,ese tech niqu,es t o forecast methane production 
for diff erent scenarios, such as : 

► The volum,e of gas in strata potent ial ly aff ected by 1mining. 

► M ine vent ilat ion m,ethane emissio,ns. 



Volumetric Analysis 

Volumetric ana lysis is a technique used to 
estimate th·e volume o,f gas stored withiin a 
speci fi c bu lk reservoir rock volume (gas-in­
place). 

This method employs geologica l 
o,b,servations and re levant production 
information to predict the vo lu:me of 
methane adsorbed on coal su rfaces as we ll 
as trapped in the pore spaces. 

This technique often reli•es on data f rom 
core samjples, w ireHne lo·gs (continuous 
measurements using electrica lly po,wered 
g,eolog ic instrume·nts), and geoilo,gical 
ma:ps. 
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Volumetric Gob Gas Prediction Models 

1One exam1ple of ana lytica l methods are volumetric go,b gas pred iction models. Gob 
gas 1predictiio,n mod,els typically simulate t lh,e gas present in t he mined-out area of a 
mine, also known as t he gob area, and tak,e into co,nsid,eration the affected gas 
lbea riing strata. 

ln1put requ ire,m,ents include: 

• Depth below surface 

• Geomechanical properties of the adjacent strata 

• Gas content and reservoir properties of the 
adjacent strata 

• Proximity of the adjacent strata to mining 

• Panel length 

• Panel widt h 

• M inin,g height and rate 
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Volumetric Gob Gas Prediction Model Example 

The graphs below show examp le outputs f rom forecasting t he production performances of gob 
gas boreholes usingi intel igent computin·g methods for opti mum methane control in longwal l 
coal mines . They show init ia~high rates of gas product ion and methane concentration for gob 
gas wells durin,g the mining of a single iongwa I panel. As t ime increases, gas production and 
methane concentration decrease. The first boreholes in each panel typ ical ly produce the highest 
methane percentage, and subsequent boreho les produce lower quantities of methane. 
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Numerical Calculatio1ns 

Numerica l ca lcu lations are another analyt ica l method used t o stu dy the 
int eract io n of mult iple, pa ramete,rs in a com pl,ex system .1 

1These simulat ions emp lo,y nu1merica l modeling to 1pred ict and provide analytica l 
solutions using emp irica l data an d m,easu rem,ents when they are ava ilabl,e to t he 
project developer.1 

On,e w ay to, apply numeriica l ca lculat ions is th rough t he us,e ·Of equations. 

If utilizing1the calculation technique, develop,ers may use parameter relationships to 
estimat1e the gas flow rate capacity of a horizonta] gob boreho,le as a function of: 

✓ gas compo,sitio,n 

1✓ borehole diameter 

✓ wellhead vacuum pressure 
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Calculation Technique 

As noted on the previous slide, another approach to analytica l] methods is to use numerica l 
calculations, such as calcu lation equat ions developed by geologiists and engineers that are found 
in various techn ica l textbooks. If t he calcu lation technique is being used, developers may apply 
the below relationship to estimate the gas flow rate capacity of a horizonta l] ,gob borehole as a 
funct ion of gas composition, borehole d'ameter, and well head vacuum pressure . 

0,.5(P2 _ p2)
l 2 vz.sQ = 1.3303 (10)-5 

Q = gas f low rate, measured at standard condit ions ,G = gas gravity (a ir = 1.0) 
(Iiters/secon d) Tf = average gas fllowing temperature 
f := coefficiient of friction, dimension lless (kelvin) 

Pb= base (standa rd) pressure (kilopascals) L = pipe length (kilometers) 

Tb = base (standa rd) temperature (kelvin) D = borehole diameter 

P1= upstream pressure (k ilopascals) Z = gas compressibility factor 

P2 = downstream pressure (ki lopascals) 



Reservoir Simulation 
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Forecasting CMM Production through Reservoir 
s·mulation 
Reservo,ir siimu latiion is the preferre,d and most accurate approach to forecast CMM 
pro,duct io,n, pro,vided a project developer has ad,equate and reliable data. 

A,dvanta,ges of Using Reservoir Simulation for Pre-mine Drainage Forecasts 
✓ Provides a means of accounting for the complex mechanisms of coa lbed methane gas 

desorption, diff usion, and flow 

✓ A llows integration of field and laboratory data into a single geologid reservoir model in 
order to evaluate pre-m ining methane drainage strategies 

✓ Provides a basis for forecasting future production of pre-mining gas drainage systems 

✓ Helps diagnose in-situ gas content reduction and drainage time as a function of pre­
mining borehole spacin·g 

✓ Predicts gas recovery f rom pre-mining degasificat ion over time considering underground 
m~n ing plans 
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Reservoi'r S,imulation1Parameters 

Reservo ir simu lation re·qui res kno,w ledge of the characteriistics of the coalb,ed 
reservo,ir, includi ng t lh,e followi ng parameters: 

► Cl,eat perme,ab il ity and orientation 
► Porosity 
► Init ial! gas content 
► Adsorption isoth,erm 
► D,esorption pressu re 
► Diffusion coefficient 
► Cleat spacing 
► Pore volume compr,essibi lity 
► Gas comp,osit1on, gravity, and viscosity 

► D,epth 
► N,et coa l th ickness 
► Stratificat ion (layers) 
► Ash content 
► Drainage area 
► Reservoir pressure 
► Water saturation 
► Gas-water relative perme,abi lity 
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Reservoir Simulation Examples 

D1 evelopers can us1e reservo ir simulation to derive pre-1m1ining methane ,draina,ge plans 
based on 1m1in,e 1plans and reservo,ir parameters that ar1e ava i lable or est imat,ed. 
1Exa1mpl,es of commercial ly avai lable software that are common ly used in the United 
States are COMET3 and GEM . 

Example Output from COMET3 Example Output from GEM 

L1r1t- Sw1ul.-.c i.l LJ111ul t1n,c 11n j!llluilw.; 1iu11 ,g:;;:::~:r,:.ll,M''~ ::---:: 
GaiPRwtugJ;is, II .M''3.tl !ttai".l;ry1 • 
(Ma C111 \ 11 Ti IR: tMIKkll ■ ·~ ■ ■ 

CASE 1 

uCuma11 Rm , ,.,. 

l(IO~ WM 2oot zoos mo, 
Year 



Reservoi'r S,imulation1 Confidence 

Reservoir simu latiion re,quires a significant amount of data, and the applicabi liity of 
reservoir modlel ing for gas drainag1e syste1m desi,gn depends on the availabil ity and 
qual ity of such data. 

·Confidence in r,es,ervoir simu lation results can be i1mproved by comp,aring histo,rica i 
productio,n or gas content reduction data a·gainst the outputs of the simulat ion_ 

These images illustrate the 
reduction in gas content after 2 
years with borehole spacing of 
20 m in a low permeability coal 
seam. 
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Applying the Approaches in Practice 

1The ava ilab,il ity and qua lity of data ar,e th,e priimary facto rs in dletermining1and 
choosing an appropriate fore,casting metho,d. 

While r,eservo,ir simu llatio,n is the pr,eferred and most accurate approach, it also 
r1equires more,work associated with gath,ering necessary data. 

► Acquiring reservoiir iinformatiion requ ires drill ing, corin,g, and testiin·g wel ls, as 
well as laboratory work. 

► Constructing re,servoir simu lations requires considerable t im1e to, assemb,le the 
data, co,nstruct the mo,del, run the simu lations, and interpret t he re,sults. 

As a result, reservoir simulations are mor,e expensive to com1plete than a 
pro,babilistic method, which rel ies o,n a range of dlata. 
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Importance of Forecasting Approaches 

The forecastin,g approaches discussed in this module can be used to improve 
confiidence in estimate,d gas ,drainage resulting from improv,ements to a gas 
drainage system (co,vered in Module 5). Havin,g an accurate fo,recast for gas 
pro,duction can he,lp select/justify th,e clhos,en a1pproach to optimize gas production, 
improve gas r,ecovery, optim ize drainage efficiiency, and minimize the costs of 
pro·duction. 

Forecasting 1methane production is 
important because it forms the basis 
of the f iinancia l and econo,mic analysis 
of the proj,ect. 

Annual Methane Production Forecast 

9D~---------------

■ Gob 

~ 6 0 
eI~0 

■ In-Seam 



l

l

Module 4 Summary 

In th is modu le, you 1,earned: 

• Abo,ut the different methods t hat are ava ilab le to pre,dict m,ethane drainage 
prod uct ion, w hich include: 

► Prob,abi listic methods 

► Ana lyt ical methods 

► Reservo ir simulation 

• The quality and quantity of data w ill dictate th,e most appro,priate met ho,d for 
pred icting mine m1ethane emissions and forecasting methane dra inage 
prod uct ion. 

In Mo,dule 5, you will learn about the different m,etho,ds and too;Js that are used to improve 
mine gas drainage. lmpro,ving mine drainage not only makes mining o,perati,ons safer, but it 

can als,o increase coal pro,duction and result in the production of higher quality gas,. 



You have completed Modu le 4 . 
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