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Conducting CMM Project 
Pre-Feasibility Studies 

Training by the U.S. EPA in Sup•port ·of the 
Global Mlethaine lniti1ative (GMI) 

Globa 
Methane Initiative 



Welco·me 

The United States IEnviro·n,mentad Protection Agency (EPA) 
,developed: thi1s course in support of the GMII and: in 

1conjunction w ith the Uniited Nat i:o,ns Economic Comm;i.ssi:o,n 
for !Europe (U iNECE). What is the GMI? 

A E'A~United States~•,. · · En,vironmental Protecfon 
,,.,. , . .Agency 

. UNECE 
~~ 



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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Modulle 1: 

M-odulle 2: 

Modulle 3: 

Modulle 4: 

IModulle S· 

IModulle 6 

IModulle 7· 

Module 8: 

lntroductio1n and Objectives 

Mline· Ba1ckg1round :Information and Evaluation 

Resource Ass.essiment 

Foreca1sting 1Methane Productio-n from Gas. Dir.a1inage Syste1ms 
1lmpro,vements to Gas Drainag1e 

Quanti1fying1the Benefits 0 f !Improvements to M:ethan 1e Drainage Systems1 

1Mlarket, Ri1sk, and Financi1al Analyses 

Case Study ...... Liulong Mine, Clhina 



Module 8 

Case Study - Liulong Mine, China 



i
Pre-Feaslbll ty Studv for 
Dr In go nd U ·1~at on f o 
Uulo111g Coal no, lllllhl Dis ctAft r co:m,pl ting th 1i s modul , you wiUund, rstand how th cone pt Uu,pan eo, Cul, Gulmou PrOlll na 

presented in Modules 1 through 7 are applied when conducti1ng1a CMM 
pr -f a ;ibi11iity · tudy. 

1The outlline of th Is module folllows the steps in a pre-fe·asib1iUty study, as 
described i'n the previous modules of this tra1iniing1: 

• Background and IMline Evaluation (IMlodulle 2) 

• Resource Assessment (IMlodule 3) 

• Ga Produ ion Foreca ing for M 1h ne Drainag Sy t m· (Modul 4)i 

• !Improvements to Gas IDraiinage (Module 5) 

• Quanti1fying B n fit ,of l1m1proveim1nt (Modulle 6) 
• Market, F1nanciall & R1isk Ana:lyses (IMlodulle 7) 



Background and Mine Evaluation 



Selecting a Study Candidate 

,Q,n behalf of GMI, EPA has prepared more than 
50 !Pre-feasibilli1ty stud;ies i1n 11 countries to, 
pro1mote 1methane recovery and use at work1ing 
underground: coa:I m iines. 

J p p 
f) 0,. 

I I r 

To select a stu1dy candidlate, EPA considers the followi,ng criteria 

• Is the host country a GMII partner? 

1• Are there availa ble gas resources at the m ine and is there realistic potential for a 
CMM project? 

• Will a successful CMM project serve as a catalyst for additional CMM projects in 
the region or country of study? 

• Does the project have the support of in-country partners? 



In 2015, EPA a,greed with the Baise !Mining G1ro·up,(BMG), a mine owner/operator 
in China, to cond:uct a pre-feasiib,iiHty study for the Liulong Miine in Guiizho,u 
Province, China:, in su:pport of GMI actiiviti1es. 
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Selection of the Liulong Mine 

IEPA considered the Liullong1Mline to b,e a g:ood cand:idiate for the study b,ecause 

The, ,G1overnment of China and the Gui1zhou Provincial Governm1ent have~ 
made CMM draina191e a v,e,ry high saf,ety pri1ority i1n the prov1ince. 

The ,centra l G,overn1me,nt of ,China: and the· Guizhou Provincial Government~ 
have plac,ed a h1igh priio,riity on CIMM uti lizat ion. 

Reg ional! authori1ties and the miine owner and operator sought t echnical~ 
ass1istaneie. 

Earlly devellop1me,nt of successfu l! ,g1as dra1inage and utiillizat1ion projects can~ 
l!ead to sector-wiide growth .. 

linitiial eff,orts at gias captur,e and us,e in th,e current min,e work1ing wi ll be~ 
1expanded to a 1much larger operatii,on wh,en c,oaI and gas re,serves ar,e added 

through a reserv,e add1it ion, resu lt1ing in greater emiissi:,on reductions. 



I

i

I 1

l

Preparing for Initial Data Request 

IEPA for1med a GMI team to conduct the study, wh ich 
1inclu,ded; the China Coal lnform,at1ion lnsti1tute (CC:111), 

hi1ghlighting1the i1miportaince of ha1ving: 'in-country experts. 

To begin, the GMII team sub1mi1tted an init iial data request 
to BMG to obta1in bas1ic informatiion ab10,ut the m1ine, 

1 1includi1ng detaills a:bout the m1ine owner/operator, m ine 
operations, and 1m1ethane resources. 

Based on BMG 's resp·onses to the ini1tiall d!ata req1uest, the 
G1IMII tea1m prep,ared:and sent two adld:it1ional data 
req1uests that facilli1tated an informed ini1tia l evaluation. 

Following the initia l data 
1requests, EPA and CCII 

conducted a site visit to 
the mine to meet with 
mine management , 
obtain addition.al data, 
and survey the site. 

https://addition.al
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The GM,I team1gathered national! 
data on coall pro,duction, coal 
consum1pt1ion, and lloca l and natiionall 
poHcies in ord;er to: 

• Better understand the ne.ar-te:rm1 
and lon,ger term trends in coa1I 
productii,on and 1in the c:oal s,e-ctor. 

• Assess the overall health of the 
industry and China's approach to 
coal producti1on .and use. 

• Provi1de a 1more 1infor1med 
perspect ive on whet her worlk1ing 
mi1nes are likel:y to continue 
oper,ations .suffic1ient to sustain a 
·CMIM proJect over its life. 
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Future of c:oal P1roduct'ion 

The natiionall l!evel overview of coal pro,duction and 
the reviiew of pol iicies showed! that, even wiith

1 

1declining 1prod~uctiion and:consu1mption in recent 
years, annua l decreases in production were relati1ve!ly 
smarl and that coall production would conti1nue on a 
larg:e scale for m:any years to co,me. 
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The GM,I team1collected ·data on reg1iona1I c:MIIM reserves and current C,MM ut1ilizat ion 
rates and types to understand current t rendls in the area o,f th,e ,mine. 

The data showed 

• CMIM reserve est iimates in Gui'zho,u 3 1i5, trillli1on. 
cubi1-c 1meters (tern). .,,. 

• 45,% of the CM 1M reserves are in the Liu1pansh u·i 
C,oalf1el,d, where the Liulon,g Mine is located. "" 

• Average gas uti1l1zati'o,n rate: 1,6% (typicaI·1y for 
1ft' 

po,wer generat1on/ci:vil use). 
W W - 1!0' I.IV llill' 

Source: U.S. Geologica l Survey, 2014 

Reg1ional experience wi1th CMM capture and use can increase the odds for 
successful CMM projects because,technical ex1pertise, experience, and equ ipment 
are more likelly to be available and accessible. 

,,, ... n - - ,}tr ,... ,.,. 

,J Western 
Gui,zhO'U 

~---..----- --
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Location of the Liu long Mine 

Location of Liu long Mine 
r~OJt• 

:OttC t.TOU

• 

y JI 

'f&'ij~f ~M.., 
S-lflTOl.'Z•~-

!Map of the Guizhou Province Detailed map ·Of the Liuzhi Special 
highl'ightin9 the Li upa1nshui City ·Di:st rict in Li:upanshui1City show1ing the 

exact location of the m:ine 
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Nlext, the GIMI team compiiled background information on the regiio,n, regiional economy, 
topogi raphy, mieteoro,lo,.gi iical conditions, 'infrastructure, and the m1iine's operati1,o,nall 
faciili1ties. Th1is information h,eliped the te,am understand local co,nd:it1ions and other factors 
that might impact CIMMIcaptu re and utilization. 

• The Liuzhi Coalfield is one of the three most productive coalfields in 
Guizlhou Province. 

• The mine por al and mine buildrngs are located in th mall viHag of 
Mitang ian a an el vation of 1500 m abov , a level. 

• The mining portal i locat d 8 km from the Pingzhai Town Governm nt, 
8 km from h Liuzhi raillway sta ion, and 8 km away from h An- hui 
highway. 

• The existing mine boundary covers 7 square kilometers (km2) of surface. 

• FoUowing a reserve addition, the mine boundaries will cover 45 km2 of 
surface. 
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Liulong M ine Characteristics 

The Li ulong IMine i1s I1,ocated 1in karst terrain 
w it h undu lat ing top,ography on t he su rface 
and caves and other void spaces below th,e1 

surface in limestone formations. The mine 
was classiified by regullatory authorit ies as a 
coal and gas outburst mine. 

The mine obtaiined a license to produce up 
to 600,000 tonnes per annum (tpa) of coa l 
and operated i1n 2 worked seams: No. 3 and 
No 7 coa l seams 

Ther,e is n,o existin,91C,MM use. 

Coal reserves include: 

• Tota l reserves: 6.8 miiUii,on tonnes (IMt) 

• IR,ecov,erabl,e re,serves: 5.1 Mlt 

Gas drainage system character"stics include: 

• CH4 fll,ow in gas drainage: 160 -763. 
cub ic mieters p,er h,our (m3/hour) 

Reserve addition (Dayong fie d): +7.5 Mt 

After Daya g add·t·on: Expected pr,oduc:tion 
was 1.5 m1iUi1,on tpa . 



Min1e ,owner: IBMG 

A pre-feasi1b1ility study should i1ncludle informatiion a:bout the owner/o!perator, 
including1 detai1ls a,ibout the corp,orate structure and; operations, fiinanci1all posi1tio,n, 
CMM experiience, and reputatiion, b,ecause the o,wner/01perator is typ,icallly a 1pri1mary 
stakeho,ldl·er 1in the project. 

he owner/opera or's 
ca aci y and i terest in 
s pport1 g t e pro·ect are 
essential to proJect success. 

The GMI team obtai1ned background 
information about t he BMG, who i's the 
owner/operator of the Liu long Mine The 
information was provided by BMG but was 
also accessed from other public sources. 



Pro-file of t lhe BM,G 

The Liul!ong Mine was privately owned: untiill 20114, when the BMG purchased a 
m,ajority share 
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Notable Changes to Mining Operations 

At th1is stage, it was imp1ortant to note any changes to mi1ne operations that may 
im,pa:ct CMIM ;prodiuct1ion . For exa:mplle, diuring1the data request and m1ine vis!it, the G1MII 

1team learned: that BMG was pllann ing a siignifiicant reserve additi1on to1 the Liu long1 
IMine. 

., The,min,e wais planniing to .add coa1I and Liulong Mi e Bo da(es Wi Daya g Ad ·ton 

gas reserv,es by .acquiring the adjoiniing 
D1ay,ong coalf ie,lld. 

• As a result of acquisiition, coa l reserves 
were 910,iin,gi to increase by 75 Mt. 

• Annuall coal pr,oducti,on would iincre.ase 
to, 1.5 Mt per year. 

• The· res,erv,e .addition was sch,eduledl to 
occur in 20118,and would directlly 
im1pact tlhe pllann,ed project. 

Primary reg ion 

D Expanded reg ion 



Resource Assessment 
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Evaluating CMM Resources at the Liu long Coal Mine 

1BMG proviid!ed ·data on coa l seams and original! gas content, whi1ch alllowedl the GMI 
team to·evalluate c:MIIM resources. The taib·le below sum1marizes the data providledl 

Re1ported Gas Conte·nt o,f·the Co,all Seams in the Existing IMinin1g Area (m3/t) 

Coal Seam No.3 No. 18*No. 7 

Original gas content (m3/t) 12.63 15.06 15.62 

1*Seam 18 iis permitted for mining, but is not being currentlly 1m1ined 

The pre-feasibility study report, available on the GMI website, includes addiitional details about 
the basin and site geology. Data provided by BMG showed that 
• Gas content and seam thickness w,ere uniform through the existing mi1ne and the Dayong 

adldit1ion. 
• The addition of the Dayong coalfield re erve increased methane resource by 2 billion m3 . 
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Liulong Mine CMM Emissions in 2014 

BMG pro,vidled the following 2,0114 CMMI em issions stat1istics for the Liulong miin•e: 

• Gas dra inage volum•e: 2.76 1Mm3 

• Metlhane concentration ran·ge: 8°/o to 30·0/o, 

• Average methan1e co,n·ce·ntratio,n:· 21 °/o 

The tablle below sho,ws re·porte·d rellative emissions (1m3/tonne··Of coal min•e·d) 
and a1lbsolute emiissio,ns (m3/m in) at the Liiulong1Mine in 2014. 

Spec·fie emissions Absolute emissions 
q1 q2 (m3/t) (m3/m iri) 

3 10.2 2 1.9 0.66 1.04 37.65 56.47 36.65 

7 7.73 0.00 3.50 1.30 25.75 38.63 24.39 
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Historical Liulong Mine CMM Emissions 

BMG coul,d n·ot provide extens1iv·e h1istoric data on CMM e1mi1ssi1ons. Hlow·ever, in 
this case, the multi-year hiistoric. data would offer only li1mited insi1ght because of 
the· recent increase in co,ail 1productiion cap·acity. 

• lln 2015, coal productio,n ca1pacity 1increas,ed fro1m 
15,Q,,QOO tpa to 60,Q,Q,QO t1pa . 

• In 2016, a new working1face increased gas 
productio,n to SQ,Q,000 1m3 1per month, effectivelly 
do,ulbling the volume o,f CMM pro•duced. 



----

Current Gas Drainage Practices at the Liu long Mine 

The m·ine rellied on dra inage practices that were characterized as short cross
p·anel iboreholes and: were known to have the foUowing: issues· 

• Problems with borehol!e stability 

• Wide rang:e ,of g1as f low 

• Low m1ethane concentratio,n 

• Lim'ited data ava:ilalbdity 

tziii 
Dzrs 

-
il4 -na L4 ---= .. ~ .. 
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Mine Gas Drainage System 

1The pninc1ipa l co1mponents 0 f the mine·•s gas dra inage 
system were 

Two 2BEC-42Q,high negative pressure drainage·pumps 

•· 160 kW of motor power 
• Mlax imum pressure of 16,000 Pa 

Two 2BEA-3Q,3 low negati1ve pressure drainage pum1ps 
• 7S kW o,f 1motor pow,er 

• Mlax11mum pressure of 3,300 Pa: 

4 100 mm1high negative pressur,e pipe 

• Trav,ells from the ,exhaust r ise to a hori1zontal 11,evel of 1,350 m 
above sea level and to the drive surfaces 

1400 mm1l,ow negative pressure pipe 

• Place:ment 1in the exhaust airw.ay at the surface with .an elevation 
of 1,033 1m above sea levell 

The GMI team w,as una1ble 
to visit and inspect the 

pump station duri ng the 
mi1ne vi1s1it because it was 

under repair. 

The photo above .shows a 
typ ical pump station at a 

Ch'inese mine. 
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CMM Monitoring System at the Liulong Mine 

The coall m:ine instaHed a sophi1sticated KJ90NB CMM m,onitoring syste1m, wh ich is 
com,prised,of two ded;icated :mon itoring computers, along1w1ith o,ne standb,y 
KJ9,0NA syste:m. 

The system includes gas sensors, 
neg1ative 1pressure transdlucers, 
equ ipment on/off transducers, a·ir 
ve!loc1ty transdlucers, and water level 
sensors that 1provide mine staff w ith 
reall-t i·me continuous monitonin,g 
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CMM Monitoring System Control Room 

IMine emp·lo·yees continuouslly moniitored air f low 
andl methane concentrati,on data in a central 
control roo1m. 

In ad1dition to m1on1itors at staff desks, the,contro•I 
roo;m conta1ine·d a large co1mmon screen 
provid.ing live und:ergroun,d cam,era feed s, staff1 

positi1ons throughout the mine in real t i1me, and 
continual lly up11dated data on m:ethane 
concentration and ai1rf llow m.easurements 
throug:hout the mine. 

A:larmiS are trigg1ered for any m:eajsurements 
outsiidle of expected! rang1es. 



Improvements to Gas Drainage 
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Gas Drainage Options Considered by BMG Before 
the GMI Team Prepared the Pre-feasibility Study 
BMG h ·d previ1ou .lly The two options the mine con idered previously had the foUowing 
evaliuated two opti.ons Ii imitations: 
for improving, gas 

1. lin-s am bor holes dri1II ed vertiicaIlly from an und rlying rock ga 1 rydrainage at the U1ulong 
• W1ere attempted at several m1ines i.n the Ghuizlhou Provi1nceM1ine before the pre

feasib:illity study. • Were technically challengiing 

At the ti1me of the study, • Tend to be·v,ery expensi:ve 
BMG h d not att mpt di 

2. Surface verti·cal p:re-drainage boreholes
to implement either 

• BMG wa alllowed to dri1I I bor hole fro1m1the urfa for 1m,indrainag op ion. 
safety reasons 

• BMG did not own right to produce ga a the uri ace for 
ut1illizati1on 

• Royalti wer due to th hold r of mineral riight . for any g1a 
produced and used 5 years after a surface borehole·was drilled 
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Improvement Option #1 Considered by the 
Mine Prior to the Study 

V,ertica l lboreholles driillled 
1u:pward from1.an1u:n,d,erllyi1ng 
rock gall-ery are :n,ot commonly 
1used Therefore, t ihe GMII te,am 
,d,e,vello1ped a schematiic for the 
pre-feasibii1lity rep,ort to help 
1 1users better understa1nd: thiis 
1method:, whiich lhas been 
attem1pted at so:me m1in,es 1in 

G,allerydriv n in hmes one belo the mined e.am t,o diriU Drainagth1e Gu1izhou Provii1nce. Po"I cro smeasure boreholes upward into ·he seam for in mi1 - pipe 
Iii pre drainage 
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GMI Systematic Approach to Identify the Preferred 
Solution to Improve Gas Drainage at the Liulong Mine 
Based on data prov1ided by the mii1 ne, the GMI team 1proposed: a systemiatic 
approach to 

1. Identify alternati1ve approaches to i1m~prove mine gas d:rai1na1g1e usiing 
improved boreholle dl·esi,gn. 

2. Speci1fy technica lly feasiible Oipti1ons wiith ,in each alternative appr,oach for 
further eva lluati1on . 

.3 . Devellop estimiates of ,gas producti1on for each option using numerica;I 
modeliing for pre-mine drainage 1boreholles and en,giineering equatiions f'or 
go,lb gas lboreholles 

4 Dist1ill the list of techniica llly feasilble op,ti10,ns to the three best solutio,ns to• 
im prove gas drai1nage. 

5. Perform a risk assessment, market ana'lys1s, and financial anailys;is of the 
three potenti:all solutions to i,dent1ify the op,tiimal sollut1ion. 
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GMI Proposal to Improve M ine Gas Drainage 

FoUowing: d1iscussiio-ns wi1th BIMG and the eva·luation of operational and geo•log·ic 
data at the Liuilong M1ine, the GMI team identified two alternatives to improve 
1gas drainage at the 1mi1ne. 

Gas Drainage Improvement Gas Drainage Improvement 
Alternative # 1 Alternative #2 

Directi-ona llly drilled horiiz,ontall i1n-seam 
lboreh·olles dlri lled from the underllying 
rock galllery b·elo,w the m1ine·d sea1m. 

Q,1irectionallly drilled! hori1zonta l gob 
b·oreholles ·driilled i1nto the rock abo,ve 
th·e 1mined seam1. 

These allternatives h.aid not been considered before b·ecause: 

• The m1ine's coal production andl 1prodluction rates had not warranted!1more 
techni-callly advanced allternatives using directi•ona l ·driiUing1. 

·• There was lim1ited experience and ex1pertise in China using1these 1meth-ods. 
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Alternative #1: Steps to Evaluate Directionally Drilled 
In-Seam Boreholes 

Steps to eva.luate dlirect1ionaUy dri1lled i1n-seam boreholes included: 

1 Defi1ne unifonm longwa ll ·di1mensions 1in the 1N10 3: and!1N10. 7 seams for 
numerica l! 1mo,dleli ng . 

1 12. Establi:sh borehol1e spaciings of 10 mi and 30 m in the 1m1od;el longwal l panel 
1n each sea1m, thus establ1ish ing fo,ur opt1ions fo r Alternat1ive #11: in-seam1 
diTecti·onallly driiUed boreholles. 

3. Run numeri1ca l simullations to project the reduction in g1as pressure i:n the 
m10,del paneli for each 01ption . 

4 M,odell g.as pro,duction rates and cu1mullative g1a:S production for indi1viduall 
borehol:es The productio,n rates for i1ndlivi1dual 1boreholles willl be used' later to 
forecast 1mine-wide gas production for the life of the project.

1 



lln--seam1boreholes wou ld be i11mplem.ented fro1m the rock gallery penetrat1ing1into,the 
m1in ing seam a1t 1interva ls of 30 mi and 1:Om. 

Thiis approach : 

✓ Provides add it1ional reach 

✓ M:it1igates undedying drainag1e g1a!llleries 

·✓· Enablles more drainagie time 

In-seam borehole plan vi1ew showing di1stance In-seam borehole profile view (30 m borehole
between boreholes (30 m between laterals, and 20 m 

penetration into the seam from each lateral)b, twe n 1 t lat rail and ailga e) 
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Alternative #2: Steps to Evaluate Directionally Drilled 
Horizontal Gob Boreh,oles 

Steps to eva.luate dlirect1ionaUy dri1lled horizontal gob boreholes 1ncludedl: 

1 Defi1ne unifonm longwa ll ·di1mensions 1in the 1N10 3: and!1N10. 7 seams. 

2. Establi1sh locat i1on iin gate roadls or 1m1ain entries fro•m whiich boreho,les wi1II be 
drilled! a1nd welllhead!wil l !be placed in each sea1m. 

.3.. Deter1mine borehole height and llen,gth over m:ined panel for each boreho!le. 

4.. Def i'ne three '.borehol·e •dia1meters an·d two vacuu;m pressure-s wh ich w il l be· 
used in an engineering equat1ion to estimate g!a.s pro,duction fro1m the 
borehol:es. W1ith tw,o seams, thiis results 1in 12 cases for Allternati1ve #2. 
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Alternative #2: Horizontal Gob (Goaf) Boreholes 

Three horizonta l! gob :boreholles (HG1B) 1propose,d at vary1ing heig1hts on the up-dip, 
side of the panels along the return aiirway. 

In th iis ap:proach, drilliing can Rieturn ainN.ay 

orig1inate out of: when,3 bor,eholles 
,originate 

• The gate roads 

• Mai,ns 

This approach providles: 

✓ Potential! for higher rates 
o,f gas capture 

✓ Greater borehole stabi lity 
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Evaluation of Proposed Alternatives to mprove Gas 
Drainage 
To assess the two prop,osed im1prove1ments to gas drainage, the GMII team defined 
specif1ic opt i1 ons for each alternative that woulld be subject to further review The

1 

G1IMl1tea1m d:etermined parameters for each 01ptio,n lbasedl on : 

• Operatin,g condlit1ions at the Liu llong M1ine. 

• Ex1peri:ence dles1gning1and modehng i1n-seam an,d h·orizontal gob borehol!es at 
other mines i:n China and 1n other co,untr1ies wi1t h sim1ilar con,ditions. 

• Ex1peri:ence dlrii lling 1in-sea1m and horizontal 9016 boreholl,es and installlling, 
operating1, and evaluating gas dra inag1e syste1ms. 

Cl1ick the buttons to vi,ew details about the options for each improvem,ent alternative. 
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Proposed Improvements: Options Evaluated for Alternative #1 

Improvement Alternative #1: In-seam boreholes 

Seam Borehole pe·netration 

No., 3 No.. 7 10 m s1pacin·g 

Option 1 • • 

Option 2, • • 

Option 3 • 

Option 4 • • 



• • 

• • 

• • 

• • 

• • 

Proposed Improvements: Options Evaluated for Alternative #2 

Seam1 Vacuum Pressure B,01rehole dia1meter 

Option 1 

Option 2 

Option 3 

Option 4 

Option 5 

Option 6 

Option 7 

Option 8 

Option 9 

Option 10 

Option 11 

Option 12 

No. 3 

• 

• 

• 

• 

• 

• 

No. 7 L.ow 

• 

• 

• 

• 

• 

• 

Hig:h 96 1mm 

• 

• 

• 

• 

• 

• 

121! mm1 

• 

• 

• 

• 

146 mm1 

• 

• 

• 

• 
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Predicting Gas Production from Boreholes 

The GMI teamrused: d1ifferent ap1proaches to pred:ict gas 1prodluct1ion f r,om1lb,oreholes 
for the two improvement allternati1ves to current gas dra inag:e 1practi1ces 

Improvement Alternative #1 
In-seam bore,holes 

• For this pre-feasi1bility study, numeriica l modellin9 
in the form of a reservoir si1m1ullat1ion was used to 
simulate gia produc ,ion fro1m1in-seam boreholes. 

• Reservoiir simulatiions can be used for in- earn 
bor,eholl,es whether the boreholles are driUed 
vertically or horiizontallly. 

• To perform the simulation, the ,G1MI teaim u ed a 
co1mmerciallly available r,eservoir si1m1ullat1on 
software paclkagie developed for unconventiional 
gas reservoiirs inclludl ing coal seams. 

lmprovem1,ent Alternative #2 
Horizontal gob boreholes 

• Recogin1ized engineer~ngi equati1ons were 
used to pr,ed11ct gas flows from giob 
borelholles. 
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Alternative #1: Use Numerical Modeling 

Specifi1c data are required! to run the numierical model!. The more compl:ete the 
dataset is, the 1more l1ikeily it 1is that the m1ode'I w'i'II provi1de accurate results. 

• Where possib:le, mi1ne-specif ic dlata were usedl, but it was necess,ary to use 1proxy 
data for so,me 1inputs. 

• The G:IM I team1co,nstructedl a series of reservoir m·odels desi;g·ned to, si1m;ulat e gas 
1producti;o,n vollu1mes from in-seam 1pre-drainag1e iboreholes. 

The most i1mportant model inputs, Click the button to view a table of examp e 
data inputs fo r the numerical 1model.noted in Module 4, were: 

✓ Seam thickness ✓ Isotherms 
✓ Gas content ✓ Porosi1ty 
✓ Permeai'bi Iity ✓ Pressure 
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Example Numerical Modeling Data Inputs 

Seami8 Seam7 

Seam Elevation (TOP), m above MSL 

Coal Depth (TOP), m 

CoaI Thicllkness, m 

Coal Density, g/cc 

Pressure Gradient, lkPa/m3 

I1,nitial Reservoi, Pressure, kPa 

!Initial Water Saturation, percent 

l angrnui,r Volume, m3/tonne 

Langrnui ir Pressure, kPa 

I1,n Situ Gas Content, m3/ tonne 

Desorptiion Pressure, k:Pa 

1496 1420 

80 149 

1.3 8.0 

1.62 1.39 

11.94 9.51 

950 1420 

100 100 

28.'97 28.15 

1126 1045 

12.63 15..06 

870 1202 

Mine data from Area 1; Core hole No. 24 

Mine data from Area 1; Core hole No. 24 

Mine data from Area 1; Core hole No. 24 

Mine data 

Calculated from reseruoir pressure and depth 

Mine data; l"op of each seam 

As.sl!Jmption 

Mine data; Isotherm analysis 

Mine data; Isotherm analysis 

Mi11e data 

Calculated based 011 in situ gas content a111 d maximum 

] storage cap.acity from isotherm 
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Numerical Modeling of Borehole Spacing 

For !improvement Alternative #1 , the G1IMII team1evaluated gas productio1n for two 
miiined seams, Seam IN,o. 3 and Sea1m No. 7, consid~ering two di1fferent borehole 
s1pacing approaches with i1n each m1ined sea1m1(10 1m and 30, m spaici1ngs). 

1Thi1s was requi1red to estimate gas producti10,n for fo 1 ur possible opti10,ns that were 
then llater used: to forecast m i1ne-wiide gas productiio,n . 

In-seam boreholes iin seam 
No _3 would be drillled 

#. ~, Option 1 

horizontallly from the 
underlying rock gallery (or 
other llower ellevati1on 
galllery) and penetrate up 
into the mini1ng sea1m1at 
intervals of 30 m_ 

Option 2 

In-seam boreholes in seam 
No_ 7 would be drillled 
horizonta 11ly from the 
underlying rock gallery (or 
other llower ellevati1on 
,galllery) and penetrate up 
into the mini1ng sea1m1at 
interva ls of 30 m. 

In-seam boreholes ~ n seam 
No _3 would be drillled 
horizontally from the 
underlying rock g1allery (or 
other llower elevati1on 
,galllery) and penetrate up 
into the mini1ng seam1at 
intervalls of 10 m. 
~---------~ 

tt~, Option 4 

In-seam boreholes i1n seam 
No _7 would be drillled 
horizontallly from the 
underlying rock g1allery (or 
other llower elevati1on 
,galllery) and penetrate up 

I into the mini1ng seam1at 
intervalls of 10 m. 
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Numerical Modeling of Borehole Spacing Results 

1The purpose of devellop1ng: the four o:ptions was to determine if t 1ighter spa1ci1ngs 
wou ld resu llt i1n an appreci1ablie i1ncrea:se in gas production from1in-seam boreholes 

According to the options, a:11 :boreholes were to lbe drillled into a lo1ngwall:I panel 
w ith the face•d1ip1ping: at an ang·le of 29 degrees and were ass.u:med to be 250 m 
in 1:atera'l length. 
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Based on the mine plans provid,e-d by BIMG, the ,GMI 
team created stan,dardizedl dimensions for future 
lo1ngwall panels targ1eting seams INlo,~3 and No,. 7 for 

1th-e pur1p-oses of mo1 dl-eling ,gas pro,duction rates~ 

The GMI team used a stan,dard I1-ongwalll panel with a 
width ,of 1QO, m and a length of 250 m coveriing an 
aerial[ extent of 2 ..5 hectare (ha). 

The models were run to simulate gas p,roduction 
rates and cu1mulative product1ion vollum-es from ,e-ach 
s-eam with in a typi1cal l,ong1wall 1panei in th-e current 
m1in ing area o-ver a 11Q,-·year perio,d. 
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Evaluating Impact of Borehole Spacing 

To evaluate the impact of spaciing on g1as pro,ducti10,n, the GMII team comp,are,d the 
im1pact of different 30 1m and 1,Q m lboreh·olle spaciing on reservo,ir pressure. 

It was necessary for the reservo,ir siimula1t ion to establish a uniform1I,ongwalll panel 
so tha1t th,e tea1m could c,01mp,are·the results from ,different !borehole·spa1cing1 
patterns andl ,extrap,o,late those to the,enti1re, m1ine. 

1 

• Uniform long1wall dimensi·ons (1 Q,O m x 2..50 m for this studly). 

• Reservoir si1mullation m10,deis the productiion of g1ais from1the coal sea1m only; it 
nor1maUy ,does not consid·er gas resources from1adljacent rock strata unlless 
th·ose reso,urces are sign1ific:ant . 

• lln the case of the Liiullo,ng IMine, the gas reso,urces were concentrated! in the 
No.3 and INlo. 7 sea1ms. 
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Planv:iew of Longwal l Panel 

The reservo,ir simulation uses a1 r 
,grid pattern for b,orehole l,o,cation . 

IB,oreh1olles were sp,aced at 3Q, m 
and 10 mi interva ls: 

• Exa p e _7 se m: 
30 m spacing (Opti,o,n 2) 

• Exa p e sea 
10 m spaci1ng1(Opti,o,n13) 

INo. 7 Seam No. 3 Seam 
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Modeling Reduction in Reservoir Gas Pressure: No. 3 
Seam 

Next, the GMII team evalluatedl the im1pact of gas pr1oduction in the l1ong1wall 1panei 
over ti1me: 

• No.3 Seam: Impact ,of gas pro,ducti1,on o·n gas. pr,essur1e in the Nl,o. 3 seam1in years 1, 3, 
5 .and 1O 

• !Heat map output: Reduction iin iin-s1itu ,gias content over t im1,e; Red (high) to blue (low) 

All« 
lO 

No,. 3 Seam - 30 m spac·ng (i.e., Option 1) No, 3 Seam - 10 m spaciing (i ,e., Option 3) 
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Modeling Reduction in Reservoir Gas Pressure: No. 7 
Seam 

The ·GMI team 1perform1ed the same simullati·on for the·No . 7 seam: 

• No.7 Seam: llmpact ,of gas pro,ducti,on on gas pressure in the No. 7 seam1in years 1, 3, 
Sand 10 

1• IHe.at map output: Re·duct1on iin in-sritu g1.as content over t im1e; Red (h iigh) to bllue (low) 

• ,r-

·a • 
• , 

• • .. .-
• ..-

After.var 

• 
T 

~ 

~ 

J 

1 
I 

After 
Oy !Ir$ 

No~ 7 Seam - 30 m spacing (ii.e., ,Q,pfon 2) No. 7 Sea1m - 1·0 m spacing (Le., ,Qpt1ion 4) 
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Another way to assess the effect iiveness 
of the in-seam boreho,le patterns in 
seam1s N,o. 3 and No . 7 was to com1pare 
gas co,ntent 1in the lo,ngwall p,an,els over 
time. 

Th,e charts ·On this slide show reduction iin 
gas co,ntent for each opt.lion over ·1, 3, 5 
andl 11Q, years . 

It was clear from the charts that 1Q, m 
spacing would have a sign ificant impact 
iin reducing gas content, esp,eci1alllly in th,e 
No,. 3 seam. The GMII t,eam p,erformedl 
the sam1e sim1ulatio,n for the No,. 7· seam., 

No. 3 Seam at 30 m 
Spacing (Option 1) 

I ~ 

IF\re•llnll1il ,o , nM ffHrs) 

No. 3 Seam at 10 m 
Spacing (Option 3) 

No. 7 Seam at 30 m 
Spacing (Option 2) 

1 l 
l'R,Or.tn•I"' 1'1m,o fl'Nn] 

No. 7 Seam at 10 m 
Spacing (Option 4) 

1 l § 10 

ll'nt-Dtaln-,,. Dn• IYi<in] 
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Modeling Gas Production Rate and Cumulative Gas 
Productio1n 

The ,GMI te·a1m also use,d res,ervoir 
s1muiat1on to•model 1pan,e,I ,g.as1 

producti,o,nrrates .an,d cumu1l.ative 
,gas product ion under th.e differ,e·nrt 
1im1pleme1ntation paths for i11n-s,ea1m 
boreh1oles. 

o 3 Sea1m1at 30 :m. 
Spacing (Option 1) 

0 0 
.. 1'> Ml tO I 101 

liil _ .......,.,_. - ~--~ 

_o_ 3 Sea1m,at 1·0 ;m· 
Spacing (Option 3) 

o_7 Sea:m:at 30 1m 1 

Spacing (Option 2) 
"" "" 

-0 011 "1 .o «> 100 l>O 
00:11 

- Q.nllM - (~<... d.c1 

o~7 Sea;m at 11O m 1 

Spacing {Option 4) 
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Proposed Improvement Alternative #1 Results 

1The mo,del ing sho,we-d that the optiim1al techn ica l solution for implementing 
Allternait1ive-# 1was to,dril l iin-sea1m boreho,1,es sIpacing th,em at lO mi in Sea1m No. 3 
(O1 pti-on ,3) and Seam No. 7 (Optiio,n 4), wh ich wou ld resullt in higher gas pro,ductio1 n 
and a much greater reduction of in-situ g1as content in the longwa ll panel over t ime. 

Although this was the best technical solution, proJect feasib,illity 
also depends on the financial returns. Spacin,g borehole 
penetration ,every 1,Q m is more expensive than 3,0 m spaci1 ngs. 

The financial analysis woul ,d evaluate whether the b,enefit ,of 
a,dd itional ,gas productio,n outweighs the cost o,f drilling 
a,dd itional boreholes for the 10 m spacing option versus the 3,0 
m spacing option. 
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Alternative #2: Horizontal Gob (Goaf) Boreholes 

1Esti1mat ing gas pro,duction fro,m HGBs can be chaUen·ging since gob gas flow rates 
typiica lly fluctuate over t i1me andl vary w1ith boreho,le length an•d c:onfigurat i·on . 

IHGB gas. f low rates. are most inf luencedl by: 

► Boreh·ole ·diameter 

► Boreholle llen·gth 

► Welllheadl vacuum pressure 

► Reservo ir pressure co,ntribution 

Gob gas fllow rate can be a1pproximated usin1g t lhe General Flow Equation, an 
engineering equation for the steady-state isothermal flow ·n a gas p·peline 

whiclh relates th•e pressure drop along a pipeline with flow rate_ 



Engineering Equation for Alternative #2 

r : 
For th1is sturdy, the ,GMI te,a1m 
used th1e basic e,quatiion for 
steady-state isothenmall flow in ,a 
,g,as p1ipeline, as reco,mme,nd,ed 
by E. Shashi Mleno,n, to predict 
,go,b, gas flow rates. 

Source~ Menon, s_ E. (2005)_ Gas Pipeline Hydrau liics_ Boca Raton. FL Taylor & 
Franc·s Group, LLC_ 
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Inputs for the engineering equation were 
derived from: 

• !Mine-specific values provided by BMG1 
• Proxy values based on industry experience 

Methane concentration in the gob ,gas was 
assumed to be 70%: 

., !Modeled m,etlhan,e,conceni'rat1ion was much 
higher than xisting meihane concentration 
due to expected im1prove1ments in gob gas1 

recovery from insta lling HGBs 
For each seaim, 12 optiions w·ere develloped for1 

gas drainage Allternati1ve #2 (S1ix for each sea1m1) 
., 3 pip,e,diame"eirs· 96 mm, 121 mm, and 146 

mm 
• 2 vacuum1pressures: low vacuum (3.3 kPa) 

and hi,glh vacuum1(16 kPa) 

Parameter Va lue 

Co ffii. i1en of 1Fni, ·ion, 
dimensi1on less 

Bas,e (standard) Pressur,e, kPa 

Bas, (standard) Te1mperature, K 

Ups rea m Pressure, kPa 

Downstream IPr,essu re, kPa 

Gas Gravity (air = 1.0) 

Av, rage Gas Fl1owing 
T, mip ra ture, K 

Pipeline Le ngth, km 

Gas Compressibiility Fa I or, 
dimensi1on less 

Pipe Inside Diameter, mm 

0.0 00 

No. 3 Seam : 1179 
No. 7 Seam : 1729 

293 

No. 3 Seam : 1179 
No. 7 Seam : 1729 

Ca1 llcu llated bas,ed on welllhea1d 
vacuum1pressure; 3.3 in d 16 
kPa options investigated 

0.6 

293 

0.25 

S. aim No. 3: 0.99 
" am No. 7: 0.98 

96, 121 and 146 mm op ions 
investigated 



ll

Gob gas flow rates were projected for 250 m 
horizontal gob borehole configiurations in the 
No. 3 seam at low pressure and high pressure 

w·elllhead vacuum. 

-;r· 200 -.------------. 
:::, 
::::: 180 +-----------==--! 
I. 

~ 160 -t-------------1.e 
.:t 140 +----------•u 
.'it, 120 -1-------------1 250m;96mm 
0 
.!::,. 100 -+--------- ■ 250 m; 121 mm 
GI.... 
~ 80 

GI: 250m; 146 mm 
~ 60 
0 
tc 40 
ti "" 
C, 20 
·t 

Gob gas flow rates were projected for 250 m 
horizontal gob borehole configurations in the 
No. 7 seam at low pressure and h ·g1h pressure 

wel lhead vacuum. 

■ 250 m; 96 mm 

~ '140 -f-------------1 ·; 
.5 12·0 +--------
o:!'
:c 
o 100 -+----------------1 
'#. 
c 0 

so +--------- 250m; 121 mm 
J 
l'I:: 
i; 60 250 m; 146 mrn 

~ 40it 
!I'> 
i; 20I,:, 

..0 
Q 0

" 11 



l
i

History Matching for Simulated Gas Prediction 

If historic data i1n1puts are avai lab,le, reservo,ir siimulation and engrine,ering eq1uations 
can b,e run usingrthe data as in1puts to,comp,are,siim1u lat1ion and ca lcu lated outputs 
to actual gas productiion . This ''h iistory maitchiing 11 can further confirm the validity of 
th,e siim1ulla1ted and cailcu late,d gas pre,dicti,on (see Mo,dule ,4 for more information). 

The analysris prepared for the Example of a History M'atching Chart 
Liiu long mrine pre-feas1ibi l1ity study 
rep,ort di,d not iincllu,de hiistory 
matchring b,ecause there were· 
insufficiient historiic dlata to, in1put 
into the modell for com1parison of 
mo,delle,d resu lts to,actual gas 
pro•ductio,n_ 

t 
J 

J 



Quantifying the Benefits of Improvements 
& Gas Production Forecasting 
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Quantifying the Benefits of Improvements to Gas 
Drainage 
The next step in a pre feasibi11ity studly is normaUy assessing the b,enefits ,of 
im1prove1ments to gas drainage. The level of anallysis dependls on the extent andl 
effect1iv·eness of the existiing g1a1s drainage systems at the miine. 

In the case of the Liulon·g Miine, exiistin·g gas ·drainage was very limited, an,d given the 
exiistin•g draina·ge practiices, the 1mine cou ld pro,duce onlly ,6QQ,,QQ,Q tpa of coa l 
compared to the·set targ1et of 1.5 m il lion tpa after acq1uisitio,n . BIMG recognized the 
needl to com1pl•etely rep·lace the existing 1mine g1as dlrainage approach. Therefore,. a 
quantitative anai lysiis o,f the iimprovements com1paring existing g1ais dlrainage to the 
reco,m1mende·d allternativ·es wo,ul·d not providle great va lue to the study. 

Instead, this 1portion of the study was mergedl with gas producti10,n forecasti1ng (as 
diiscusse·d in Module 6) to,focus on com1paring11prop·osed improvements under 
Allterna1t iives #1 and #2 
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Forecasting Gas Production: Evaluating Mine-wide 
Solu1t ·ions 

1After evalluat1ing the simullatiion r1esults for the horiizontal in seam boreholes (Allternatiive #1, 0 ptions 
1-4) and the callculated gas prodlucti1on rates for the hor1izontal gob boreholes (Alternati1ve #2, 
Options 1-12), the GMII team developed mi1ne-widle gas prodlucti1on forecasts, assessed riisks, and 
prepared 1m1arket and financial analyses for the three best solutions for i1mproving gas drainage. 

Improvement Alternative # 1: 
In-seam pre-mine drainage boreholes 

Solution #1 
(Alternative #1, Options 1 & 2) 

ln-seam1pre... mi1ne drainage 
bor1eholl1es p1enetratiing 1m1ining 
seams at intervalls of 3:0 m in 
Seam No. 3 and Seam1No. 7. 

Solution #2 
(Alternative #1, Options 3 & 4) 

In-seam pr1e-1m1ine dra11nage 
boreholes penetrating mi1ning 
seams at intervals of 10 m 1n 
Seam Nia. 3 and Seam INo. 7. 

Improvement Alternative #2: 
Horizontal gob boreholes 

Solution #3 
(Alternative #2. Options 5 & 11) 

Hori1zontal ,gob boreholles 
pllacedl above mining seams 
(121 mm at 16 kPa) 1in Sea1m1 
No. 3' and Seam No. 7. 

With predicted gas production rates for in-seam boreholes and HGBs a---::;,lllllllllllllil. 
completed for indiv1idual longwall p.anels, the next step w;as to extrapollate 

hose produc ,ion rate aero he entire m1ining opera i1on. 
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Establishing a Mine Plan 

The f1irst step to ·devellop long tenm g1as pro·ductio,n forecasts was to establish a 
mine 1pllan b·ase·d on · 

• The existing m1ine· lla1yo,ut from1BMG, 

• The dimensio,ns o,f the Dayo,ng .addiitio,n, 

• Known advance rates, and 

• Other factors. 
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Mine Production Plan and Conceptual Layout 

The two di1ag1ra1ms on th1is slii,de pre.sent: 

► The existing p•erm1ittedl mine production 
pllan for the Liulong1Mli1ne w ith 
pro,ductio,n from 2017 throug1h 2018. 

► The conceptua l! m ine layout and futu re 

- .,, 
toncepkial - -,. aywtlorllflflVOir -rmila1i0n 

h l'I& to e mined 2CU7•20!ll 

S.lml 

P Ml1016 
1~2018 

l':IMl11115 
Janua 2018 

develop·ment and producti1on 1pllan for 
iong1wa ll 1panels (in uniform1diimensi,ons) 
from1January 2019 th ro,ugh January 
2032. The co,nceptual min·e llayout was 
develop,edl sp·ecificaUy to•forecast gas 
productio,n and ma1y change in the 
future. 

u10n.e.Minot111U ,11 co ~ m 

OayoogC<>•Ii r.tc11R"""rve Addlllan 
Cc,r>c:c:p!iUil M .U '(o!Jt·fo• Atn rvolr$1111~ llon 

' ,!>.antis Nol Yet fi'~mell 

The conceptual mine layout w as used to forecast gas production for all three· gas draiinage sollutions. 
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Mine Layout & Coal Production Pla n: 
Solu1t ·ions 1 andl 2 

W1ith the c.onceptua l 1mine layout and co,al 1prodluction p,lan ,estalblishedl, the n•ext 
step,s were to establish borehole place1ment and timing to pre,dict mine-·w 1i,de gas 
productio,n~ 

For in-se·a1m pre·-miine dlra inage boreho,1,es (So,lut1ions 1andl 2), the team1: 

• Establish·ed borehole locatiions using 30 1m and 1Q, m borehole p·enetratio,n 
spacin·g in So,lutiions 1andl .2. 

• A.ssu1med boreh,ol,e.s begin •gas pro,duction upon comp lletion, pri1or to lo,n•gwall 
p•ro•ductiio,n. 

• A.ssu 1med 1production from in-seam pre-,drainage boreholes would term i1nate 
prior to the initiation of m1ining operations at ,each 1panel. 
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Mine Layout & Coal Production Plan: 
So lu1t.'ion 3 

For the horiiz·ontal g1ob b·orelholes (Solution 3), the 
team assum1·ed that: 

• Thre·e HGBs per panell would be drilled, and that 
driilll1ing and co,mpletion w •ould occur prior to• 
commencement of llongwall production .at each 
panel. 

• H,GBs would be driilllled the full length o,f the panel 
fr,om th,e main. 

• HG1Bs would not produce gas prior to longwall 
production 

• Production fro•m IH,GBs w,ould either extend six 
m,onths after miining at ,each panel is co1mpleted or 
terminate·once 100 p,erce·nt of ,eaich s,eams' ,gas 
resource was depiet,ed, whic:h,ever oc.c.urre·d first. 
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Forecasting Gas Production 

,Q,nce boreholle spaciin-g and driiUing sche-dules 
were estalblished, mine-wid-e -gas 1pro,ducti,on 
was foreca1sted using simulated 1prodluctiion 
rates for in-seam boreholes an-d callculla1ted 
productio,n rates for IHGBs.. 

Annuall gas production was forecast from 
2017 through 20·32 

HGBs were forecast to delliver the higlhest 
gas. productiion. 
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Forecasting Gas Production Results 

The GMI tea1m for casted 9as production or alll 
three gas dra11nage sollutions for 15 years 
throu9h 2032 ba ed on the conceptual layout 
and the coa l production plan. 

As shown in the chart, Solution #3' (horiizontal 
gob boreholes) was the most effective method1 

to recover and produce C.MIM at the Liulong 
Mine. 

,G1ob boreholles were not only more effective on 
an annual ba i· , but they were also mor1e 
effective over the life of the project. 

Th i hre solutions w re th n valuat di to, 
assess their 1m1arket access, fi nanoiaI 
perform1ance, .and risk exposure. 

Gas Production Forecast for Drainage Solutions 

CM M Production Vo lu e 

8 0 

5 4 

a: 2 
JI 
:'!I 

I 1 0 

2 17 2 18 2 19 202 2 21 2 22 2023 2 24 2 2 2 26 2 27 2 28 2 29 2 3 2 31 2 32 

Yea, 

- so l t ion Il l . In-Sea rr boreholes penetrat in r, in to rr inin g sea ,,-, s Jt in terva ls of 3 , 

11 
- so l t ion tl2. In-Sea ,,-, boreholes penetrc1t in g in to rr inin g sea ,,-, s Jt in terva ls of 1 , 

- so l t ion 113. Hori zo nta l go b boreholes pl Jced above inin g sea r s 1)21 111 1 ro 1 6 kPa) 
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!Having assessed CIMM reso,urces, e·valluated gas 
drainage pract1ice for impro,vements,. and forecasted 
gas producti1on, the GMI team then co,nducted an 
initial review of ,(MM m1arkets. 

The following sli·des sho,w the market analysis 
conducte,d b·y the GMI team and BMG i1ncludlin,g: 

• l,dentificat1,on o,f aU potential mark•ets 

• lln itiial as.sessm,ent o,f those markets 

• l·dentificaition o,f 1markets with legi1timate 
prosp,ects 

• Assess1ment of the rema1ining markets 

• Preferred! market includiing the b·as1is for 
choo,sing that market 
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Initial Evaluation of CMM Markets at Liulong Mine 
Seven potenti1al 1m1arlkets were iniitia~lly i1dent~f1ied by the G1M ITeam and BMl,G; however, two were quiclklly ell1iminated 
based on avaiillablle information leaving f1ive potent11al 1marlkets for further anallys1is. 

Market 

'I oca l natural gias distnibu ion 

Power g, neration: on-si1t us-

Power g, neration: gr1id sales 

Boiler fu,e•I 

Natural gas t ransmissi1on 

Indus ,ria l us 

CING/LING 

Evaluation 

A llo al distribu ;i1on syst, m i1s lo at d in the area 

1M1ines norm,ally have J.arge demand for, lee ricity 

A physical interconn ct and sa les to the gri1d are possib l,e 

There 1is typ i·ca l:ly demand a mii1n s for ho1wat, rand team 

There 1is no access I o a high-pressure t ransimiss i1on liine in th area 

There ar, no 1indus· ria l u rs withi1n a rea onabl dis anc, to he · urfa, e gias 
product'on si ,e, 

CNG , ould be possi1hl, ; Gas quali y is too low for LING production 

Continue with 
Option? 

Yes 

Yes 

Yes 

Yes 

No 

No 
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Second Evaluation of CMM Markets at Liulong Mine 
The five rema1ining markets were further evaluated focusing on techni,cal, logiistical, e,conom1ic, policy, and le,gal considerations_ 
Bas,ed on this ana~ys·s, two options were identiified as be·ing rea l1i1stic m1ark,ets for a CMMI proj,ect at the Uulong IM~ne. 

- I Continue with I

Market I Evaluation Option? I 

·1ocal natural g:as distnibution .ubsidy avaUable improving economics, bu : syst m ov rsu bscrib d; capadty No 
not avaUable for many yea rs; no exis ,ing 1in , rconnect from ,h mine's 
drainag:,e sys em to th gas distribution system; low gas sales p ice - unll1ike ly 
to b pro ·itable 

Power g. neration: on-site us- Demand fo power at the m1ine: iin line wit corporate poll1icy and has 
support of mana,gem1ent; signi1ficant 1in-country expe i,enc,e with CMM power 
projects; capacity to design & build; could be economically attractive; offset 
1h igh iind ust iaI electricity pri1ce; subsidy ava iiab lie 

Power g, neration: g:nid sales Subsidy ava ilable: physi1cal1-grid i1nterconn ct possib l• ; sa li, s to th gri1d may 
b di;fficu lt 

Boiler fu I llim1it,ed demand for ho · water/heat1ing due to warm d1imate No 

Natural gas t ranS'm issi,on EUMINATED IIN FIRST -VALUATll'ON No 

Industria l!use EUMINATED IIN FIRS 1 EVALUATIION1 No 

CING/LING CNG and ILNG are not econo1mic No 
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Final Evaluation of CMM Markets at Liulong Mine 
In the final anallysis, the ,G1MI team and BMG dleterm1ined that on-site power generat ion is the most 
v1iable market for a CIMIM project at the Uu longi IMline due to the de1m1and for power at the m1ine. It was 
al o the preferred opt ion by BM,G1, demon trat1ngi managiement support for the project. 

ocal natural gias distnibution 

Power g, neration: on-site us,e 

Power g, neration: gr id sa le 

Boiler fu, I 

Natural gas t ransmissi1on 

Indus ria l use 

CING/LING 

EUMINATED IIN SIE COND EVALUATIION 

Pr,eferred by mine company managiement; pr,el i1minary analysis 1indicates 
option is most economic 

E, onom ic ar, posi,t i1ve, bu : , ales o he grid ar diff icult No 

ELII MINATED IIN IE COND EVALUATIION No 

EUMINATED IIN FIR i EVALUATIION No 

EUMINATED IIN FIRST EVALUATll1 ON No 

EUMINATED IIN SIE COND -VALUATIION No 
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Risk Analysis 

The ·GMI team co,nsidere-d project riisks at a high level 
for th is pre-feasibil1ity study. However, the team did n•ot 
include a discussi1on -of project risks for the pre-feasibil ity 
study re1port -due to th-e publlic nature 0 1f the report. 

The fo lllow1ng sliides sum1mari.ze the three types of nisks 
evalluated:: 

• Technical 

• Market 

• Financial 

https://sum1mari.ze
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Risk 

More rapid decllline of g1as 
supply than expected -
isolation of sources, more 
rapid flooding, erroneous 
in erpretation of data 

Failur,e of a production w,ell 

Loss of gas quality 

Equiipm,ent failur,e 

mpact Mitigation 

Reduced revenue, ear~ 
project tenminat1ion, unable to 
delliver contracted ,energy 
supply 

No revenue until remedi·ed 

Power or th,e·nmal energy 
supply reduced or in worst 
cas,e, halted 

Loss of revenue·untilll repaired 

Improve forecasts: conduct in-·depth 
investiigatliions and testi1ng in the·ful fe,asibi1lity 
study and develop mor,e detailed gieological 
and decline reservoir models 

Insta lI dua l production p1i1pes in ,entries (pre 
closure) or drillll replac,e,ment borehole post 
closure 

Undertake rem,e,dial work on 1mine entry seals 

Deta i1led warranti,es; business interrupti1on 
insurance; planned m1aintenanc,e; use only 

1OEM spares 



Risk,s Eva Iu1at,ed: Miark·et 

Risk 

Fall in pow,e-r prices 

Carbon market co llapses 
I 

Impact 

Loss of 1reven ue· 

Loss of carbon r,ev,enue 

Mitigation 

Duall revenue streams; develop 
only high ROIi projects so ther,e, is 
some flexiibil ty 

Duall r,ev,enue streams 
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Risk,s Evalu1at,ed: Financial 

Risk Impact Mitigation 

Carbon ass,ets fa iI to de·liver Additional cost of em1ission Business risk (once the contract 1is 
reduction credits from1the market si1,gned to de liver emission 

reductions) 

Subsiidies end Project unable to deliver expected Engage provincial and central 
financial returns governm,ents to note impact 
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Financial Analysis Model Inputs 

EPA buillt .a sim1plified project specifi1c financial! mo,del in MS Excel®. The model 
des1ign was b,ase,d on more detaile,d f inancial modells buiilt for fuU ,(MM feasi lbility 
studiies. The end use for the CIMM project was o,n-site p,ow,er to,sup1plly ,electriicity to 
th,e 1mine. 

The f1inanc1ia l 1modlel callculatedl cash fllows and pro,duced 
financial metrics INet Present Value (NPV), internal Rate 
of Return (IRR), and Siimplle Paylback Period. 

Inputs for the m,o,del inclludedl: 

► G,as production from gas product1ion foreca1sts 

► Pow,er pliant capac1ity calculat,ed from1available gia1s 
volumes 

► Co1mmodi1ty pric1in,g and subsiidy pricingi fro,m the markets 

► Valliues based on professional! ,experience and expertis,e 

Click the button to view he 
inputs that were used in the 
finanoial analysis. The 1inpu s 
were based on information 
that the 1mine shared with 
the team, as well as from 
expert knowledge and 
experience of the earn. 

- - Financial 
Analysis 

-- - Inputs 
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Financial Analysis Inputs 

Methane Co ncentra:tlion of D1ra1i'ned Gais percent 98 

percentMethane ·Co ncentra:Ilion of Gob Gas 70 

Cost Es.calation percent 3.0 

Price E.sca1lation percent 3.0 

Capi,ta1I Expenditure.s Vallue 

D1rainage Syst.em 

IB01rehol1e Cost 

IJnits 

$/m 100 {in-searn); 130 (HGB) 

Surface Vacuum Station $N,J 1.34 

Vacuum Pump Effii1iciency 9.22wnooom"Idi 

·Gathe:riing1System 

Gatheriing Pipe Cost $/m 75 

m/pane lGatheriing Pipe Length 450 

VallueOperat iing1 Expenses IJnits 

Fielld Fuel Use (gas) percent 10 

·O&M $/1000m3 U .66 
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Financial Analysis of Drainage Solutions 

Base,d on the data provided and evalluati·on of the three dlra inage i1mprovem1e·nt 
solluti1ons, the recommendled gas drainag1e impro,vement soluti•on was Soluti10,n #3 
(HGIBs). It yiiel,de,d: 

✓ The hig1hest methaine recovery and !largest em issi·on redluction p·otentiial 

✓ The gireatest po,w er pro,ductio,n potential 

✓ The most cost-effectiv,e resu llts 

Max Power Net C02e Reductions
NPV-10 Payback

Solution Description Plant IRR (Million metric tons)
US$000 Year

Capacity CO2 

lln-s,earn boreholes penetrati ng1mm mgi seams at intervals of 
-3% 0_32 Mt-5,72.21 2MW

30m 

lln-·s,eam boreholes penetrati ng1mm mg1seams at iintervais of 
11_1 Mt2 6MW +1,.278 8+12%

1- 0m 

2_9 Mt3 Horizontal gob boreholes placed above miining seams 9MW +30,054 +43% 3 
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Recommended Next Steps 

The folllowing next st,eps wer,e recomm,ended in the pr,e--feasi1bility study report: 

✓ o,evelop a cllear 1m1ine layout for the o,ayong coallfilelld wiith exact panell di1m1ensions and coal 
production forecast . 

✓ Take addiiti1onall core samples iin the Dayong coalfield and conduct gia desorption anallyses to 
obtain accurate m1easure of gas content, per1m1eability, and porosity of the coalls 

✓ Confirm the ability of h L1ulong Mine to sell ,exc,es lectricity to the power grid and confirm 
cost for a grid interconnect. 

✓ Conduct pilot tests for both types of iin--mi1ne de,giasiification technologiies proposed iin this 
study to devellop mor,e accurate productiion for,ecasts. 

✓ Investigate and anallyze more thoroughly all uti liization options i1ncludiing power prodluctiion to 
confirm the economic and teclhni1call feasiibiility of CMM-to-power and the viabil iity of 
alternati1ves and theiir compet1it iiveness w1ith power generation. 

✓ Begin investig1ation of financing options to confirm available sources of project finance so that 
BMG can detenmine the appropri1ate sources and miix of financing, inclluding the m1ix of debt 
and equity. 
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Module 8 Summary 

T:his modu ll,e dlemonistrated lhow the step,s i1n1a 
Pre-Fee1Sibi ity Study for Me hama1 
Drainage and Utilization at the 
Liu long Coa Mine, LIUizhl District 1pre-feasibi lity study (w:hich were introdluced in 
Llupanshul, Gulzhou Province, China 

th1,e prev1io·us m1odlu:les of th1is traiini,n1g) were 
applied duri1ng the Li1ulon·g1IMliine ca!se stu:dly. 



You have completed Module 8. 
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