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Advanced Training for CBM Geologists

total time
from To (hr:min) Topic

9:00 9:15 0:15 Opening Remarks & Introduction

9:15 10:45 1:30 Origin of Reservoir Properties: from Peat to Pores
10:45 11:00 0:15 Questions/Discussion

11:00 11:15 0:15 Coffee Break

11:15 12:45 1:30 Unconventional Hydrocarbons and Geological Models
12:45 13:00 0:15 Questions/Discussion
13:00 14:00 1:00 LUNCH
14:00 14:45 0:45 CBM Drilling Equipment & Methods
14:45 15:00 0:15 Questions/Discussion
15:00 16:00 1:00 Coal & Rock Review - What and How to Characterise g
16:00 16:15 0:15 Questions/Discussion
16:15 16:30 0:15 Coffee Break
16:30 17:30 1:00 Measuring Gas
17:30 18:00 0:30 Critical CBM Reservoir Properties: Know where to Place Your Efforts

18:00 18:15 0:15 Questions/Discussion
18:15 18:30 0:15 Closing Remarks

NOTE: Times are in UB, Mongolian Times




. l Hyypc aryynary xypaaca TOXMONAOX
| TYHaman YynyynruuH tepern l

e Bocoo OONMOH X3BT33 YUMTN3ANUUH
eepunen & 3arsap

 Makpo HyypCcHUU Tepen

* MukKpockonbIH HYYPCHUM Tepen




Yynyynruur Togopxonmnox 4vyxan LWWHX YaHapyyAa

|eKCTyp . MeXJTOrMH X9MX39

KOHrnomepar (campra, ganpra, oyn uynyy)
3NC3H Yynyy (ToM, AYHA, XXWKWUT )
aneBponuT
aprunnur
©OHre: HaMpnaraHaac rofgyy xamaapHa
xap
6apaaH caapan/6op
OYHA 33prunH caapan/6op
uanBap caapan/éop
CTpYKTYp : yenan, TyHamasn YynyysnrumH X3aB LUMHX

Yenan: HAarK Xacar
3y3aaH (60-120cmM), HapUH, MaLl HAPUWAH F3X M3T
T3HUYY, Napanen, gonruonor, 6errperran, TacanacaH

rax mMaTt
aHxgary YynyynrumH XaB LWMHX
MaccuB
HapUMH YerncaH (X3BT33, AONTMONOr, Tawyy Yensnar rax
M3T)

LUMPX3raapaa sAnrapcaH
Mexneryya YMrnanuinH aaryy TawyynacaH imbricated
Xoépaory 4ynyynrumH xaB LUMHX
300516H YynyyHbl aed opmaum
aMbTHbI Xen mep
ypramsbiH YHA3CHUN ypranT

3D eceomemp
CcIpP233xmau

uye
X3pP32J/13203H3




Hyypc aryynary 3y3aanart TOXuongox 4ynyynrumH tepen
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Hyypc aryynary 3y3aanart TOXuongox 4ynyynrumH tepen
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Hyypc aryynar4y xypaaca Toxuonpox
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Makpo HyypCcHUU Tepen

MukpocKkonbIH HYYPCHUM Teper
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X3BT33 YUrN3NUWH vYynyynar & HYYPCHUW eepynienT
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3arBapunan . AnnanadyuMuH cas rasap (KapOoHbl)

Mapuu:
XaMIrmmH nx
NTranTan!
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X1 SANDSTONE
] SANDSTONE AND SILTSTONE
[ SHALE AND SILTSTONE

[ SIDERITIC SANDSTONE

[ BLACK SHALE
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B coaL = FOSSILS C—————— » SOUTH
1 o 1
[ZZ3 LIMESTONE uites 5 1000 2000 FEET

10 from Ferm et al., 1979



[apl eepunenTMnH Tanaap HapUMH MIOIINSIMAT Xapyynaar

from Horne 1978



HyypcHui 3y3aanar aryysncaH Tyrasman xypaac XypumTnanbIH
OPYMH HexLnyyn
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X3MKCIH 3YCanTYyad eep eep OpYMHA YYCCIH HYYPCHUI Xy4daac Xypaac xapax 60nomMxkTom
(from Horne, 1978) 9Araapaap xA3raapnargaxrym !
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« Hyypc aryynard xypaaca ToXxmonaox
TyHamMan yynyynruvH Tepen
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Cyypb ounnrontyya

Hyypc 6on 3yraap Har Xap uynyy omw COAL is
not just a BLACK ROCK!

HyypcHui WwinHX yaHap.....
— [HOaBxaprbiH AyHA
— YypxanH am xoopoHA
— Yypxaun xoopoHa
— J[aBxaprbiH XOOpPOHA ©epUNergeHe

faraap?
— Yycaxaaa eep eep Haupnaratam 6amcaH
(6ypayynary) " Aryynra

» Ypeaman, yc, ap0acriaz 6ypasioaxyyH
— XynapT Hamar gax ypramnbiH eep eep
3agparnblH X3CryyA3ac 6ypacaH Tepen
« Yxax, 3adpax, sin3pax
— HyypcxunTtunH 33par eep

(TemMnepaTtypbiH GONOBCPONT 3CB3N — HVVpC)KMnTMﬁH
HYYPCXKUNTUNH 33P3r) 33par

« [lynaaH, Oapanm, ya2 xy2auaa ) ) )
AHXx0az4 ypeamMnbIH Halipsiaza 3pmHul 2a3ap3yUuH

6alpnan, agosnroyuac xamaapaH eep b6atiHa.



[JaBxpaacblH 33PrumvH HIPLUUN €ipher

= HyypcHun gaBxapra seam
. re.g, Geological HyypcHuit ye. 1334 uynyynartai Xunnax Xwnvir Taas,
§ B L 0004 XUITUMT Y1 I3 HIPIISHO.
2 Warking
o Oan paBxapra Ply/Bench (of coal)
d onb6oprox 60MOMXTON, XaBTI3 YUrNangads
Mepaeraex 6 0roMXTON HYYPCHUM AaBXaprbiH H3r X3Car.
§ ! 3 pam——" Non-coal band Nx3aHx[33 3yparnax 60nomMXTon 4ynyynruiH ye, 3cBan
t ; Bt NIMTOTUNUMH OTLIOM eep4enTeep 3aarnargaar; 433K aBax Xun
% § - 28 3aar 6ongor. Ply racaH HIpLWUNTINA WXUN yTratan
= £ (it . _
. - g1 — YynyynruiiH ye Parting
§35ts HyypcHuin HapuuH aaBxapra ayHAa aryynargax
6 Jiiiii YynyynrumH ye, ronayy 3ysaap4, Hyypcuur
Working canaanyynHa.
o loor
7/
i HumMmraH ye Band
- L : Boor Hyypcana ayHaax oHurom HapuiH ye. Hyypcnar 6uw
R 6on ronayy “waBpbiH ye” “Tyc ye” rax HIpnaHa.
By 3y3aaHbIr UN3PXMUNC3H “penny band” rax mat HapLwmn

X3pP3rnaHa. HyypcHun nUTOTUNUAH OpPraHuK TOPNUUH

Fig. 5.1 Hypothetical column section of a coal seam BYPCH3X34 MOH X3P3rfaH3.

illustrating plies, bands, partings etc

from Ward, 1984 HVVpCHVIVI TOpon

HyypcHuit ax ypraman, TUTOTUN33p HYAI3P AnracaH
aHrunan.
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Makpo adHrmnan

HyypcHuin nutotun (parting opyynaaryi) €ipher

Marie Stopes 1919 oHA aHX caHaauyuncaH- “yeniCaH YynyyH HYYPCHUU 4 HyA33p Anrargax Hanpnara *”

bynar

J\N\
77\

\ "T'sira uxron

[ ]

bynoar
<19% rsaurarau

ABCTapanu ctaHgapt

byna¥ 6ara 33p
rajararam
-10% raarAraii

Yescan Oyadr YeJ1ar YeJsumar rasnrara I'noiraraun
10-40% raararain 40-60% rsaararaim  60-90% rsaararai >90% rsauararai

ICCP (rozen JOpeH Jropo-Kiapen Knapen Butpo kiapen Burtpen

ASTM (bIO 3eH

JIFOpEH bynor kmapen Knapen ['surarait kimapen Burpen

bycaa: 3yyJsr Hyypc=(r03eH=MOJHbI HYYPC=3X HYYPC
3aHapJiar Hyypc=bone
HYYPCJIAT 3aHAPp=HYYPCJIAT apTULIIAT
cannel coal

*XYPIH HYYPCIHO MOH 66D AHSUNAIMALL



HyypcHun nutotunuur aypcnax ABCTpariMmH ctaHpapT

Lithotype Description

Bright coal Vitreous to subvitreous lustre; even to conchoidal fracture; brittle; may
(vitrain) B (Br) contain up to 10% dull coal bands less than 5mm thick.
Banded bright coal Mainly bright coal containing thin (less than 5mm) dull coal bands ranging
(bright clarain) Bb in proportion between 10 and 40%; even fracture.|
Banded coal Contains bright and dull coal bands (all less than 5mm) ranging in
(clarain) BD (IB) proportion between 40 and 60% each.
Banded dull coal Mainly dull coal containing thin (less than 5mm) bright bands in proportion
(Clarodurain) Db between 10 and 40%; uneven fracture.
Dull coal Matt lustre and uneven fracture; may contain 10% of bright coal bands
(durain) D (DM) less than 5mm thick.
Fibrous coal Dull with satin sheen; friable; may contain up to 10% of other coal
(fusain) F lithotypes less than 5 mm thick.

Contains between 30 and 60% of clay and silt either in intimate mixture
Shaly coal Cs with coal or in separate bands each less than 5mm thick.
Coaly shale,
mudstone, Any sediment containing 60 to 90% finely disseminated carbonaceous
sandstone etc. matter.
Shale, mudstone,
siltstone, sandstone,
etc. Any sediment containing less than 10% carbonaceous matter.




HyypcHun Tepen-anrax TyBLUWH €ipher

MUKPOCKONMHbI

250 microns



HyypcHun tepen 6onoH aH uaBwunt/CLEAT
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[anra eHOepTan, Byaar Hyypc,
Yennar Hyypc matu Myy aH
MX aH LiaBLuMnTan HaslinniTan,

BUTPEHTAI BUTPEH Oaratan

Anb Hb 6ympamvmeat 6atlix 83?
) o Anb Hb H384YYyYn3x Yadeap uxmal b6alix e3?
Cleat: »xwxur aH LaBLUJTbIH CYJ1XK33. HYVpCI/II/IF Aaparfax, (an yae He dyypeazdaaayii 23 y3ean)
eprergexen yycaar.



XYpP3H HYYPCHUU NMUTOTUNUNH Tepnyyn

Dark

\ Medium
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HyypHu# Makpo IIHHK YaHAP

[anrap, yenaaryu

[anratan, >20% yencaH

an, <20% yencaH




& MUKPOCKOMNHDbI

Makpo




MakKpo LUMHX YaHapaaCc MUKPOCKOMHbI LWUHX YaHapbIr
GapumxaarHa

Particulate
Matrix

® Bright, Banded Coal Type
+ Bright, Non-banded Coal Type

= Hard, Dull Steely Grey Coal Type

Plant Parts Amorphous
Matrix

from Moore, 2016



HyypcHuu Tepen & HYYPCHUN
LUMHX YaHap

% Volatile Matter (daf)
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% V olatile Matter vs. Coal Type

Bright lustre,
Vitrain bands

<20%

s Mmeans

S u—

standard devijations

Bright lustre,
Vitrain bands

20-30%

Bright lustre,
Vitrain bands
>30 %



HyypcHun tepen & HYypCHUU
LUMHX YaHap

60
5 50
I

40

30 _

Bright lustre, Bright lustre,

Vitrain bands Vitrain bands

<20%  Bright lustre, ~307%
Vitrain bands
20-30%

Macroscopic Coal Type



%BUTPEHUN ye VS HYYPCHUIN 3y3aaH ™ €ipher

%Vitrain Bands
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HyypCcHUMN TeprnuunH TapxanT == Cipher

WEST EAST

699 711 705 712 716 706
I I I I I I

Drill holes

0 500 o | M Coal with <20% vitrain bands
meters g Coal with 20-40% vitrain bands
£ M Inorganic sediments

16 p B Inorganic parting



Aryynra €ipher
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« Hyypc aryynard xypaaca ToXxmonaox
TyHamMan yynyynruvH Tepen

e Bocoo OONMOH X3BT33 YUMTN3ANUUH
eepunen & 3arsap

 Makpo HyypCcHUU Tepen

31



OpraHuk 6ypana3xyyH Xacar




MadpuHbI amThIr KOy TOQOPXOUNAOr B3? 777




.....Hanpnara!!!




MuKpocKonbIH aHrunan — HyypcHun mauepan

ENCYCLOPADIA BRITANNICA wmaueparnblH TOQOPXOWUIONT

MUKPOCKOMOOP Xapargax HYYPCHUM OpraHuk, siH3 GypuiH XMMUWH Hanpriaratan 6ypanasxyyH XacCar..
YynyynruinH apaac ragartanm wkun onnront 6ereepn ToO0pXon TOITCOH Havpnara, KpuctansibiH
CTPYKTYpryn Gangraapaa apasacaac anrargaHa. Mauepan Hb HYYPCHUA HYYPCXKWUITTUAH 33par
HAM3Argax TycaM PU3KK, XMMUMH LUMHX Hb ©epYNieraeHe(HyypXUuimuiH 33p3a2 Hb JIU2HUMa3C
aHmpauyum xypmarn eepysie20ex 6a HyypcaH 03X KapbOHbI XaMX33 HAIM3203X, wamax Yyadeap 0azaal
H3M3203H23)

YynyyH HYypCcHMI Mauepan 3 ron 6ynart xyBaargaar : BATPUHUT, UHEPTUHUT, NMUNTUHUT

(9KCUHMT)

BUTPUHUT (FYMUHUT r3CIH HAPLWAUUI XYPIH HVVYPC, MIUFHUTIAO X3parnaasr)
Hb yprammblH MOAJSIOr 34 9C33C rapantan 6a KOMMUMHAUT, TENMUHUT 33pruir aryynHa. MXaHx Hyypc
BUTPUHUT eHOep XyBuap aryyngar..

MHEe PTUHUT
PHO3VHUT, MUKPUHUT, CKINEPOTUHUT, CEMU-APIO3NHUT aryyrax 6a kapboHbl aryyramx WXTon GanHa

(Yycax siBudaa UCInACaH, WwartcaHaac ynbaatan).

JInnTnHuT
Maueparnyyg Hb UX X3MXX33HUW YCTOPOrdYunH aryyrnamktan, anruHWUT, KYTUHUT, PE3VHUT, CMOPUHUT raxX
M3T aryyrHa.



MauepanbIH rapan YycriMnH CXeMUYUIIC3H rapan yycan

11eJIJII0JI03 + JIUTHUH

['ymuHHAT)KHX
TeIUKUAX
Humification, |
gelification

IT'YMUHHUT

drozeHx)nXx

HyypcxuntuitH 33par HAMArapx

!

BUTPHHHUT

HHCPTUHUT

Pe3uH, Bakc, MOOIOHIIOP,
CIIOPYYA I'IX MAT

DrO3EHXKUX TTPOLECT

XapblIAHTy U
TACBIPTIU
JIMIITTUHUT

van Krevelen, 1993



ABcTpanunH ctaHgapt 2856-1986/1995

HynyyH Hyypc
*30BXOH XYP3H HYYpPC3HA

Anrax YHOC3H LWaapanara
*OHre

OunTt

*Mopdonoru

* X3MXK393

*OHreneraceH ragapryy
*dnroopucueHl

OHMMWH anxamyya
Caapan yy, xap vy,
LaraaH yy?

*CTpyKTYyp OanHa yy
(Teno), CTpyKTyprym
GanHa yy (dv) acsan
renmxcaH banHa yy (gv)?
*<20um caapan? <30um
LaraaH?

mMmepcuinH TocoHa
OWCOH OuUNT

MACERAL MACERAL SUBGROUP| MACERAL ORIGINS
GROUP
VITRINITE TELOVITRINITE Textinite* Well preserved cell wall
Occurs as bands or lenses| Texto-ulminite* Partially gelified cell wall
Eu-ulminite* Completely gelified cell wall
Telocollinite Gelified cell wall and filling
DETROVITRINITE Attrinite* Sparsely packed matrix of cell
fragments
Occurs in matrix Densinite* Finely packed matrix of cell
fragments
Desmocollinite Gelified humic matrix
GELOVITRINITE Corpocollinite Gelified cell filling in tissue
(CT) in matrix (CM)
Occurs in matrix Porigelinite* Vesicular humic gel in matrix
Poricorpocollinite | Vesicular humic gelified cell
filling
Eugelinite Humic gel
LIPTINITE LIPTINITE Sporinite, cutinite, | Spores, waxes, resin, cuticle,
resinite, liptodetrinitg suberin, algae, expulsed lipid,
Occurs in matrix alginite, suberinite, | etc
fluorinite,
exsudatinite,
bituminite
INERTINITE TELO-INERTINITE Semifusinite Partially oxidised tissue of low
and moderate reflectance
Occurs as lenses (mouldering, char?)
Fusinite Oxidised tissue (char)

Sclerotinite/Funginite

Fungal spore/test/stalk

DETRO-INERTINITE

Occurs in matrix

Inertodetrinite

Oxidised cell wall fragment or
cell filling of moderate to high
reflectance

Micrinite Fine grained oxidised material
(<5microns)
GELO-INERTINITE Macrinite Oxidised gel

Occurs in matrix

€ipher



OHrenceH A33XHUU
¢oTtomukporpadcdu- 3agpanbiH
TYBLUHMUTI XapyyricaH

a. XaHaHgaa uesnntonmns3 NxTan
Sin3paaryn ypramnbiH Topror
oyTay

b. X9CAarynaH ryMmMHXC3aH
ypramsblH XaHaHbl TOpsor
OyTou,; LWMPX3rMnH aaryy
aycant

C. [YMWHXCOH ypramsiblH
XaHaHbl OyT3L, HYX CYB Hb
OUTYYPC3H.

d. [enumxcaH ypramsnbiH
mMaTtepuan- MaTpukc un
6onrocoH

Byx 3ypruir oncoH rapang, UMMepCuiH
TOCOH[,




HyypcHun chotoMmukporpacum

& Cipher
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HyypcHun chotoMmukporpacum

€ipher
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HyypcHun chotoMmukporpacum
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HyypCXUNTUUH 33par OONOH wWwanTtraaH

€ipher

KomnakT 0onox
Ynnraa anpgax

PU3NKUNH eepunenTt

XvmuiH eepunent [araamxuinras angax
YcTeperdnmH xamxaa dyypax

42 KapboHbl XaMX33 MXCaxX



HyypCaH 43X OpraHuK X3car, MeXJIermmH TapxanT

MORLEY COAL BRUNNER COAL

12 -
10 4

Percentage
(n=1516)

I

Percentage
2061)

(n

8 -
6 -
4 4
24
0

6-54-3-2-101234567 8910>10

64
. Plants organs/tissues > 1 mm E Plants organs/tissues <1 mm Particulate matrix

secondary xylem primary roots cell walls cuticle

stems/roots with secondary growth stems/roots with secondary growth cell fillings resin
leaves spores/pollen  algae
fruit fungal material
cork tissue oxidized fragments
secondary xylem tissue unidentified waxy/resinous
unidentified tissue material

from Shearer & Moore, 1994
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HyypCaH 43X OpraHuK X3car, MeXJIermmH TapxanT

44

Frequency

Frequency

Leaves

57 (n=10)

44

3-

2..

].

| e ———

3 - 1 3 5 7

Primary roots type 1

207 (n = 28)
15 1

10+

5 E

.ﬂ-

3 - 1 3 5 7

from Shearer & Moore, 1994

9 >11¢@

Frequency

Secondary xylem tissue
(n =65)

-1 1 3 5 7 9 >110
Primary roots type 2
(n=24)
7 9 >ug



HyypC3H 03X OpraHuK Xacar,

MOXJTOrMuH TapxanT

45

Resin
(n=110)
60,
-
(]
g
g
1 1 3 5 7 9 >1@
Spores / pollen
20+ (n=34)
15+
=
g o
S 10-
E )
5-
s

from Shearer & Moore, 1994

Frequency

Frequency

150+

100

34

Cell wall fragments
(n=357)

2001 -
150+
1004

50+

Cell fillings
(n=334)




Xynap A3X OpraHuK X3car, MOXJI6rMmH TapxanT

46

Primary roots (n=85)

<113 5§ 7 9>110

109 Fragments of Cork Cells
(n=19)

FREQUENCY

113 5§ 7 9>110

r"’"'lY"]l]‘l] mm
8 2 050, 0,0,0,%
25 22y B D> Cbos
SIZE

120 1
100:
80 +
60
40 4
20 4

0 -
-3

Undifferen w
Secondary Growth (n=120)

-

Macerated Tissue (n=373)

1

3 57 9>110

h

50

40

30

20

10

]

Secondary Xylem Fragments
(N=132)

from Moore & Hilbert, 1992



HyypCcaH 43X OpraHuK X3car, MeXJIermmH TapxanT

- MwuoueH

a7

40 -

30 4

20 -

10 4

20 .

30 1

20 1

10 1

Undifferentiated Stem/Root
with Secondary Growth

(n=97)

3 -1 1 3 5 7 9> ©

Fragments of Cork Cells

(n=42)

-1 1 3 5§ 7 9> ©

Leaves (n=44)

4 1 3 5 7 9 >1 0O

from Moore & Hilbert, 1992

FREQUENCY

s

9 >11 ©

Macerated Tissue (n=211)




HyypCcaH 43X opraHUK X3Car, MOXNOrMuH TapxanT

- Xnnuman Hyypc
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2. Makpo TepnmnuH HYYPCHUU X34 X343H &t
aHrmnan bangar — 3eBUMNTI Hb COHIoOX

X3IP3AIrMa3¥xX Hb vyxan

Mgan .

3. HyypcCHuUM Makpo Tepen HYYPCHUNn
LUMHXX YaHapTau Wwyya xondooton

4. MuKpOCKONOHA HYYPC MaLl Xurg oyc

5. HyypCHMM TEKCTYp Hb Xynap 6anx
LiaTaHg Toaopxounoranor.




ABTpanu MoHronbliH 3paac basnrunH XetenbepuiH 2-p -
watr (AMEP 2)-uur AscTtpanunH [apgaap Xapwunuaa, Adam Smlth
XynangaaHsl [enapTMeHTaap AamxyyrnaH ABCTpanuiH International

3acrmnH T[aspaac gamxkmk, Agam CmuT WHTEPHIWLIHAN
Ganryynnara xapankyynnaa.

xapuyLcaH 3axupriaap, Hyypc, CBM TecnyyauiH xanryyn,
XenKYYnanT 43ap Tynxyy axvnnax 6anHa. MeH KymnHcnaHgbiH
TexHonorniH Ux CypryynuiH OJanxun, Lar Yyp CyanansiH
Cypryynbg OpoH TOOHbI Byc 434 npodpeccop, XataabiH Yyn Yypxaun,
TexHonorniH Ux CypryynuiiH bavraneiH Basinar, 'eonormmH QUEE_I'ISIEI[‘ICI
LLInrxknax YxaaHs! Cypryynb xyHAST 304MH npocbeccopbliH anbaH University
Tywaanyyabir gasxap apxangar. OnoH YncblH HyypcHuin eonorniiH of Technology
CatryynuiH (International Journal of Coal Geology), NHooHe3uiH
leonorniiH Wnxnax Yxaadnbl CatryynuiH (Indonesian Journal on
Geoscience) pegakunynan axunnax bavraa. HWT 265 rapym
LWWHXNAX yXaaHbl eryynan, Tannax, XxypaaHryn 6uycaH.
(tmoore@ciphercoal.com)
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Candep KoHcanTuHr Tanaap goopxv Bab XyyaacT 304UHO YY:
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