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Table 3-1-2 List of Coal Outcrops — Soutwest Malibau Area
Qutcroff Location Seam | Strike Oip Thickness Remarks
No. Coal  Seam
Phase 2 N )
NK101 |JD14-15 SAlower [N 50W| 80S | 048 / 061 B
NK102 [JDi5 SA [N 45w| 10s | 035 /035 B
NK103 |UD17-18 sA [N 20w| 90 | o055 /055 o
NK104 |JD022 SBi N 50wW| 508 1 315 / 340
FNK|05 JFOO4 SAlower [N 50 W} 90 030 / 030 {north of JFO04
NK10§ [JF004 SA N 40w 858 {030 7/ 030
NK107 [JF007? SA N 50 W] 90 035 / 035
NK108 |JFO18 SBi N 45 W] 90 070+ / Q.10+
NKI1G9 |JF027 SCt N 5¢W| S0 137 / 145
NK110Q |JFO28 5C2 N 4O0W]| 855 [091+ / Q97+
NKI111 |JGB09 SCi N 40W| 708 |1.45+ / 145+ relogging in 1838 old SW62
NKI112 |JGO13 SEi N 40W| 65S | 050 / 080
NKE13 |JGO36-37 SDupper| N 40.W| 255 [025+ / 060+
NKY14 [JGO3? sD N 40W| 405 [Upper 055/055 tower 030/G30
NKi115 {JG039 SG1 N 40W]| 60S |050+ / Q50+
NK116 [BH27 5G2 N 40W| 658 | 120 7 123 relogging in 1998 old SW61
NK117 [BHZ8 SC1 N 40W| 50S | 092 / 052 relogging in 1998  old SWE0
RK118 | L3004 8t N 60W| 455 | 075 / 075
NK119 [JJ005 S€2 N 60W} 405 csh (5.05m) w/coal bands
NK120 [JJ003 SF N 75W] 658 csh-shale carbonaceous (1m}
NK121 [JJ0493 N (GE] 45E {060+ / OGO+
NK$22 [JJ052 N I0E| 65E csh w/coal tayer {1 55m) EEEQ/L
NK123 {JJ057 SEd H 85w] 50s | 033 /033 |
NK124 |JJO58 S0 N 6E]| 508 | 071 /122
NK125 1JJ056-4 SE2 N 55W| 655 085+ / 098+
NK126 [JJ056-2 SE2 upperf N 80E| 458 | 020 7 215 |csh-shale carbonaceous (2.15m)
NK127 |JKDO2 SE1 lowerf N 30W| 708 csh-sha'a carbonaceous (3.05m)
NK$128 |JMOG3 SG1 N 40W| 8S | 080 / 1L.3C
NEK128 [JMO07 SC1 N 45W| FONE| 101 /7 125
NK130 [JMOI0 SG2 N 50W| 85 NE| 085 / 085
NK131 [dMOI2 5C1 N 35 W/| 80 RE|1.00+ / 10O+
NK132 [IMO19 581 N 50W]| 50 1.30% / 140+
[ix133 [on002-003 | sB2 |N 35 W| 76 NE| 030 7 030 |csh w/coal tayer(035m) coal (0.30m) = YKO17 |
NKi34 |JPOOS 582 N 35W| 70 NE|1.60+ / 160+
NK135 [JQO01 SC3 N 55W| 8085 |093+ / 093+
NK136 {JQ004 So N A5 W| 755 |Upper 0.40/0.40 Middle 0.55/055 Lower 0.41/043
NK137? |JG020 SE2 N 6OW| 508 | 0.75 / 075 [one coal seam(0.70+/1.35+) above this seam
NK138 |JG022 SE1 N 6Ow| 605 | 0660 / 060
NK13% [JGO35 5C1 N 65W| 853 | 660 / 060
NK140 [JROOt p1ox! N 50W| 80N | 090 /7 080
NKT41 |JVOO4 - 581 N 50w| 80S |Upper 305/305 Lower 1.50/188 N
NKI42 |JVOit SE1 N 4wl 0s | 082 7082 I
CNK143 V024 sD N 45W] 50S |Upper 0.16/0.16 Lower 0.35/035
NK1d4 [JWI-2 SB1. [N S0Wf 755 [225¢ / 245+
$KO01 Uz23 N 70w} 80N | 025 /025
SK002 [JZ725-26 SD N 50wW{ 90 140 / 140
SK0G03 §4255-55-1 SB(L) |N e60w] 568 | 030 /030

313



Table 3-1-2 List of Coal Cutcrops ~ Soutwest Malibau Area

Outcreg Location Seam | Strike Dip Thickness Remarks

No. [Coal  Sean| ]
' SKO0S 10Z55-1 581 N 62W| 485 | 060 / 060

SKOO5 [JZ60 s N 60W| 6558 | G20 /020 |

[SKO06 |JZ46-5 S84 N 70wl 748 | 057 / 059

SKQO? |JXZ46-7 sD N 50W} 83S | 025 / 025

SKO03 |JZ66 SEl - - 145 / 145 [moved block

SKOQ9 {J275 SE1 N 60W| 60S {075+ / Q.75

SKO10 {JZ95 SE1 N S50W| 658 | 090 / 050

SKO1t |Jv(6-2 SE2 [N S58W| 7128 | 129 / 1.29

SKO12 |JYO6 SE1 N 50W| 70S |080+ / 050¢|under big tree

SKO13 |Jvi7 SEY N S56W| 60S | 119 / 120

SK014 |JY18 SEI -- - 080+ / 080+ ]
SKO1S §JY18 SE2 N 40W] J0S | 200 / 200

SKo16 juv2t SEY N 20W| 655 1 105 /105

SKQ17 fav22 SE2 N 6OW| 615 | 169 /7 207

SKO18 jJY29 SEQL) |n 55W]| €08 | 065 / 065

SKO19 |JY34-1 SEZ [N S8OW]| 155 | 249 / 254

SK020 |uy36 SE1 N G>W]| 655 | 147 / 154

SK021 |BKO3 S0 N GOW] 8¢5 | 120 / L20

SK022 |JX0? SE2 EW 655 | 108 / 123

SK023 tuxX28 SE2 - - 110+ / 1.10+|moved largo coal seam block

SK024 1JY60-2 sS81 N 72wW| 855 | 040 7 045

SK025 [UW05-08 SEi N 60W| 60S | 347 / 445 [upper 207/2.07 lower 1.40/1.40 -
SKO026 |UWOT-08 SE§ N 70W| B80S | 305 / 475 [Bim 0.75/0.75 0.15/0.75 080/085 0.75/0.i5 Tc %
SK027 |JW10-t 5k2 N 0W| 60S | 030 / 030

SK028 |JWi3 SE2 IN SoW|l 158 | 025 /035

SKO028 |JW25 SE2-SE1|N 60W| 85 S coal-csh

SKO030 JJW39 SE1 N 8OW] 90S | 099 / 179 |upper 057/062 lower 042/0.42

SK031 |Uw40-1 SEt N 55W| 85N | 042 / 125

SK032 [Jwa1 SEZ2 [N 60OW| 80S | 018 / 034

SKO033 |Jwbl sD N 80W| 858 | 025 /025

SK034 |JVO6 N 50W| 528 {025 /025

SK035 |Jvid N 45 W] 558SW| 023 /023

SKD36 |JU24-25 SCZz |N 40Wj§ B0E | 0632 /035

SKO37 [Ju4d sSD N 20W] 0W | 640 / 045

SK03I8 {JU4S sD H 20W)] 75W | 657 7 063

SKO39 [JUS? SC4 N 25W| T0S | 095 / 0355

SKQ40 |JUGB sD N 25W]| 755 | 1.50 / 180 |[Bottom? due to big tree rocts

SKO41 |aU73-1 SET N 45 W] 60 SW] 073 / 0.78 |2 csh beds above SKO4$ _

SK042 |aud SE?2 [N 45 W] 55 SW| 086 / 103 [5.08/1.71 including fower parls : e
SKO043 [JUT6 SF N SOW| 8538W| 1.75 / 193 .

SKO044 |JT41 SD |N 20Ww] 45W | 157 / 235 |one coal seam{D.Sm) below this seam

SK045 |UT44 | SC4 N 20w]| 80w | 063 / 063 [thinning out toward the depths

SKO46 |JT41-2 sD N 30 W] 50W |Upper 090/1.60, Lower 0.90/090

SK047 [JT48 SC4 - -- in a muddy stream

SK048 |J753 SG1 - -- moved block (50cm)

SK04% |14 5G4 - -- maved block {85¢m)

SKO50 [JT95 SD N 40wW| 5w | 205 / 223 T

SKO051 [Js45 SF - - _ moved block (5Gcm)
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Table 3-1-2 List of Coal Qutcrops ~ Soutwest Malibau Area

Outcrof Location Seam | Strke Dip Thickness Remarks

No. Coal Seam B

SK052 [Ju03 sc2 [N asw| 70w [1ane / 14 relogging in 1938, ofd SW15 (1.70/1.70)
$K053 [Jss2 SE2 |N 45w{ 855wW| 050 / 050 -

Phase | L

swi13 lu2? sc2 [N 4ow| sownw| 035 / 035

swig Jouie sc2 [N 3sw| 90 | 055 / 062 relogging in1998
SWis |Juos sc2 |N 3sw| 10w f170+ 7 170+ relogging in 1998 SKO52 (147+/1.47+)
swis_[BHI0? SG3 -—— { -~ losor / 080+ )
SWi1 |BHI04-1 sc2 N 4sw| son for0 /00 relogging in1998
swis [BHi sc3 |N 4sw| sonN | 112 7120 relogging in1998
SWI9 |BH90 sc2 M 3ew| 128 ] 120 7 120 relogging in1998
SW20 |[BHS5 s62 |M 4sw| 775 | 105 7 105 relogging in1998
sw2i |BHisS sc1 [N asw| 90 | oso 7 0s0 |
sw2z |eHi? sB2 [N dow| 90 {042 /049 B

SW23 [JP26 s82 N 40W] 80535 | 286 /290 relogzing in1993
Sw24 {BH93 sD N 40W] 85 M |Top 052/055 Midd?0.45/0.45 Bottom 0.37/0.37 relogging in 199¢
swas |JT12 sfF | 3sw| 7one] 155 /7 160 relogging in1998
SWa3 |BK72 SBlower [N 70| 68s | 068 / 068

Swa4 [Bx73 sBy |N 65w| 68s | 040 7 040

SWi5 |BKi8 se2 [N sow| 458 | 170 7 181

SW36 [UXi5 set |n ssw| 705 | 240 / 235

SW37 BK111 SE1 |{N 75Wp-90S | 403 /7 486 relogging in1598
Sw59 |BHzz s81 |n 4ow] 425 | 110 /7 150

YKOI5 |BHO-BH1 ser [N 35w| 0s | 105 /107

YKO16 |ant9 s81 | n zow| 35w [ 110 7 1.10 [thin out toward SW59

YKO18 [BH7H sB2 |n qow| 755 L 025 /025

YKO019 |BH32-4 sG1 ? ? 1.00 / 10D |approximately

YKO20 |BHS6 sct |M sow| 6sN | 050 7 050

YKO02i |BH93 sel [N dow) sonN |05 7075 relogging in1993
YK022 [BH100 SEl |N 40w{ 80N |00+ / 090+

Yk023 |BHios-guot| sct |n asw]| 70N [ 070 7 070

vK024 fouoz-Juo3 | scs [N sow| 65N | 060 / 060

vK025 luT90 sca3 [N 4sw| 158 | 095 7 095 relogging in1598
YKO26 1793 SC4 N 30W| 70N | 090 /7 090 relogging in1938
YK027 |BK45 se2 [N sow| sos | 120 7 1.20

YK028 |[BK46 se1 [N s0w| sos [1.30+ 7 130+

YK028 |BK77 SEt |N s55w| €0S | 200 / 200

YK030 |BK94 SEt |N 70wW| 545 {190 / 1.90

vkoa1 fuvsa-gvs4 | sez |N sow]| 60s | 140 / 145

YK032 {BK124 sf |nsasw| 655 | 050 7 050
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Based on the result of quality evaluation in Phase 1, some kinds of analyses to cvaluate the
suitabilily as stcaming coal were carried out on selected samples, in addition to general

analytical items in Phase 1 as shown below :

(D All samples : Proximate analysis, Calorific value, Tolal sulfur, Ultimate analysis,
Free swelling index (FST)
2) Sclected samples : Hardgrove grindability index (HGI), Ash fusion temperature,
Ash analysis (Si0z, Al:Oa, Fe:03, Ca0, Mg0O, Na:0, K20, SOs,
P:0s, TiO:, MnO)

The number of samples in each area is as follows :
Malibau SW-Malibau Silimpopon  Total
Sample @ 1S 25 i 41
Sample @ 7 7 1 15

Analysis of sampte D was done at coal laboratory in GSD Sarawak, while analysis of

sample &) was done in Japan. Selected samples were homogeneousty divided into halves,

sample (D and (@), and each of them were sent to Sarawak and Japan respectively.
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4. Coal Seams in The Study Avea

4.1. Malibau Avea

4.1.1. Mode of Occurrence

The coal zone in the arca was confirmed to extend for about 16 km in the strike direction
with the thickness of 600 m to 1,000 m. A large number of coal scams are contained in the
coal zone. A total of 130 coal oulcrops were observed through geological mapping in Phase
I and Phase 2 as listed in Table 3-1-1.

Figure 4-1-1 shows the lacation of coal cutcrops in the area. By comparing rclative position
and elevation of neighboring outcrops, continuity of cack outcrops has been inferred, and
then corrclation of coal scams has been cslablished thronghout the area, taking their
stratigraphic position into account. Continuily of each outcrop is indicated by connecting
with broken lines in the figure. Figure 4-2-1 illustrates the correlation of coal scams with
representative stratigraphic columns of coal zone, which were produced from geological

¢ioss seclions at corresponding positions.

As shown in the above-mentioned figures, refatively long continuity is recognized in six
coal secams, which have been named MA to MF from the bottom to the top. Other coal
seams that exist between these six seams are less continuous or show sporadic mode of

occurrence.

Figures 4-3-1 and 4-3-2 exhibit coal scam profiles measured at outcrops in both Phase 1
and Phase 2 and they are arranged at corcesponding levels according to the correlation
shown in Figure 4-2-1. The foltowing is a bricf explanation of the condition of main coal

scams .

MA Scam .

The scam lies near the bottom of the coal zone and exists in the middle-easteen pait of the
area. Only three outcrops were observed and their average thickness is 0.87 m with 1,09 m

at the maximum. Confirmed distance of scam continuity is about 0.6 km with possible
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extension of § km toward the west where the seam is deteriorated to cartbonaceous shale.
MDB Scam

The seam cxists in the middle part of the area extending for about 2.6 km along the strike,
Seven outcrops were observed and four of them are more than 1 m in seam thickness.
However, the scam thins to 0.3 m at both castern and western ends of the ouicrop line, In
genceral, the seam contains some partings as seen in the profile of SK230 which has the

maximum s¢am thickness of 1.52 m including 0.46 m parting.

MC Scam

The scam exists in the eastern part of the area with a continuous extent of about 2 km. It
scems {0 continue farther 2 km lo the east and 0.5 km 10 the west, but oulcrops there are
very thin or deteriorated to carbonaceous shale. The average thickness of eight outcrops in

2 km extent is 0.92 m with the maximum thickness of 1.51 m including partings.

MD Seam

The scam exists in the middle to eastern part of the arca and shows the longest continuity
of about 5.7 km. Although all the outcrops are tess than 1 m, nine outcrops observed in the
main parl of its extent have no parting and are less variable in thickness, ranging from 0.57
m to 0.85 m averaging 0.7 m. It is thinning to the wesl but eastern limit of its extent has not

been confirmed.
ME and MF Seams

Both scams exist only in southeastern part of the area with confirmed extent of 1.2 km for
ME scam and 0.9 ki lfor MF scam. Three oulcrops were observed in cach seam and the
average thickness is 0.4 m for ME scam and 0.7 m for MF seam. Thinning trend toward the

easl was observed in both seams but western imit is unknown.



Coal Seains in weslern part

Tn the westernmost part of the area, there are four coal scams in the lower half of the coal
zone, which have been unnamed because of their uncertainty of correlation with coal seams
in other parts. Their thickness is invariable ranging from 0.6 m to 0.7 m without any
parting. In the upper half of the coal zone, only a few thin coal scams or carbonaceous

shales are present.
The coal scam condition of Malibau arca is summarized as follows :

(1) There arc a large number of coal seams in a widely extended coal zone. Among them,
six coal seams which have been named MA to MF Seams keep their continuily in
relatively long distance ranging from 5.7 km in MD seam to 0.6 km in MA seam. Othes

coal seams are less continuous or occur sporadically.

(2) The coal scams are gencrally thin. Among 130 coal outcrops observed in Phase and
Phase 2, only 12 outcrops exceed 1 m in scam thickness. The thickest outcrop is 1.52 m
of MB seam including parlings. It secms that thicker scams contain more parlings like
MB seam which is more than 1 m thick at four outcrops but their average coal thickness
excluding partings is 0.89 m. Regarding coal thickness, only six outcrops exceed 1 m

in the area.
4.1.2. Geological Structure

Geotogical structure of the area is relatively stable. The coal seams extend in the shape of
crescent, changing their sirikes from NW-SE at the eastern part to WSW-ENE at the
weslern past. ‘The dip of the coal scams range from 30 ta 55 degrees toward the south, 40
degiecs on the average as shown in Figure 4-4-1. Any stwuctural disturbance was not
abserved in the ficld except al the southeastern comer where a faulting was inferred
accompanied by a synclinal structure, but it does not extend to the main part of the coal

zong, o
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4.2, Southwest Malibau Area
4,2.1. Mode of Occorrence

‘The coal zone in the area was confirmed 1o ¢xtend for about 6,5 km in NW-SE direction.
In addition 10 4.5 km of coal zonc confirimed in Phase 1, farther § km each to both eastern
and weslern sides was traced and some coal outcrops were observed. However, the coal
scams In the extension zenc are mostly thin and deteriorated. Therc{ore, the main part of

the coal zone conlaining relalively thick coal seams is 5 km in distance.

A total of 133 coal outcrops were observed during field work in Phase 1 and Phase 2 as
listed in Table 3-1-2. The location of coal outcrops and their correlation are shown in

Figure 4-1-2 and Figurc 4-2-2 respectively.

As scen in Figure 4-2-2, both the thickness of coal zone and the number of coal scams
increase toward the east. Coal zone in the eastern pact is 350 m in thickness and contains
more than eight coal seams. On the contrary, only a few coal seams are present in the coal

zone of 100 m thick in the western part.

Based on the correlation in Figure 4-2-2, coal seams in the arca were divided into six scams
(groups) and they were named SA to SF Seams {groups) from the bottom to the top. Among
them, SA, $B, §C and SE groups are composed of a few separate coal scams and SD and

SF are of a singlc coal scam.

As shown in these figures, all the coal seams do not exist continuously throughout the area.
Itis presumed that in those parls indicated as discontinuity, deposition of peat was not taken
place originally or peat was washed out at carly slage of deposition, judging from sandstone

dominated lithology in those parls,

Figure 4-3-3 exhibits coal seam profiles measured at outcrops in both Phasc 1 and Phase
2 and they are arranged al corresponding levels according to the correlation shown in Figure

4-2-2. The following is a brief explanation of cach coal seam (group).



SA Scam Group

This group exists at the boltom of coal zone ina limited extent. It contains lwo coal scams
and both of them are very thin. The maximum thickness among six outcrops is 0.61 m

including partings.

SB Seam Group

This group has two coal scams, namely, SB1 and SB2 Scams.
SB1 Seam cxtends for 1.5 km in the middle part of the area. 1t is generally thick but shows
a great variation in thickness, ranging from 5.1 m to 1.} m among scven observed outcrops,

aithough reof and floor were indefinite at three outcrops.

SB2 Seam appears near the castern limit of SB1 Seam, extending 0.5 km 1o the east. It has
a thickness of 2.9 m at an outcrop of the middle part but quickly thins within a distance of
30 m. In the weslern parl of the area, there are Iwo separate outcrops at the stratigraphic

position of SB Scam, but their extent is very limited and the thickness is very thin.

SC Seam Group

This group cxists only in the castern hatf of the area and consists of four coal scams, named
SC1 to SC4 Scams from the bottom to the top. At the easternmost part, all of the four scams
arc present, but they gradually disappear toward the west in order from the top seam {o the
bottom and finally only SC1 Seam is present at the middle past of the area. The confirmed
extent of individual seams ranges from 0.2 km in SC4 Seam to 2.2 km in SC1 Scam. The
coal scam in this group contains few parting and thickness is relatively invariable compared
with other seams, ranging from 0.92 m of SCI to £.00 m of SC3 scams on the average of

individual seams.

SD Seam

The scam occurs in lwo separate places, namely, for 1.4 ki in the middle part and for 0.8
km in the eastern parl at a 2 km interval of absence of the seam. It exceeds 1 m thick at four

outcrops oul of ten observed with the maximum thickness of 2.23 m. However, the
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thickness varics widely and the greater thickness does not continue for long distance.
Splitting features into a few plics arc observed to the central part near the interval of the

scam absence.
SE Seam Group

This group consists of two scams, SE1 and SE2, and they are regarded as the most

promising seams in the area in teoms of thickness and continvity.

SE1 Scam is present over 3.5 km in the middle-western pact and 1.3 km in the eastern part
with a discontinuous interval of 1 km in between. In the western pard, it has the maximum
thickness of 4.86 m and keeps the thickness of more than 1 m for 1.5 km to the east, while
it splits and thins quickly to the west. The average coal / scam thickness of 20 outcrops in
this part is 1.52 m / 1.81 m except thin seams at the both ends. In the eastern part, it is less

than 1 m thick ranging from 0.6 to 0.9 m.

SE2 Seam also occurs separately for 1.7 km in the west and for 0.9 km in thc east with an
intervat of 2.7 km in the middle. In the west, nine outciops excluding three at the
westernimost extension excecd 1 m thick, with 2.54 m at maximum and 1.64 m on the
average. In the eastesn pait, there are only two outcrops both of which are thin or

splilting.
S¥ Secam

"The seam occurs at the easternmost pari of the area. Although the thickness of wo outciops
is 1.77 m on the average, it extends only for 0.5 km. At the western part, a coal outcrop was

found at the corresponding horizon Lo SF Seam but it is only 0.5 m thick.
The coal seam condition of Southwest Malibau area is summarized as follows :

(1) A total of 11 coal seams exist in the area and they are divided into six seam groups,
namely, SA to SF from the boltom to the top. Both the number of coal seams and the
thickness of coal zone increase to the east. The longes! continuous exlent is 3.5 km in

SE1 Seam at the weslern part,
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(2) Compared with Malibau arca, the cxtent and the thickness of the coal zonc in the area
is much smaller, while the thickaess of coal scams contained in the coal zone is much
greater. The average thickness of individual coal scams are mostly more than 1 m and
greal thickness of more than 4 m are found in SB1 and SE1 Seams. However, the coal
seamns in the arca are considerably variable in their thickness, Although SC Group shows

relatively constant thickness, they are as thin as about I m,
4,2.2. Geological Structure

The coal seams extend in NW-SE dircction with very steep dip to the southwest, ncarly
vertical or dipping in the opposile direction at some places in the eastern parl.

Representative geological cross scctions are shown in Figure 4-4-2.

At the immediate south of the coal zone in the central pari, there appears 1o be a synclinal
structure. Because of poor coal scam eccurrence on the southwestern side of the apparent
synclinal axis, a question has been left after Phase 1 whether the steeply dipping coal seams

are in a synclinal structure or overturned.

During the ficld work of Phase 2, some scdimentary structures were observed such as “load
cast” and “ripple mark”, which arc believed to be the evidence to determine the upper and
lower sides of a bed of sedimentary rock, Based on these observation, it was concluded that
all the coal seams incline to the southwest originally and a synclinal axis must exist at the

southwestern side of and in parallel to the coal zone.

Concerning the reason why only a fow thin coal scams exist on the southwestern side of the
synclinal axis, it is presumed that, judging from the great thickness variation of coal seams
in the main pait, they did not extend as far as this side originally, in other words, the

sedimenlary environment in this part was not suitable for peat deposition.
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4.3. Silimpopon Avea

4.3.1. Mode of Oceurrence

Qut of several coal seams in Silimpopon area, only the Queen Scam has mincable

thickness. Almost all data of the Quecn Scam is based on the report by P. Collenctte (1954),
because no additional explotation was done since then except for obscrvation and sampling

of onc outcrop of the Queen Seam during the present study.

‘The coal seam data included in the report is based on the foltowing activities :
- Ning¢ borcholes drilled in carly 1900's
- Geological mapping by Collenettc around 1950
- Record of an old coal mine opcrated between 1906 and 1932

The oulcrops of the Queen Seam have been (raced from the north to the southeast for a

distance of about 7 km. The outcrops near the old mine mouth are more than 1.7 m thick.

However, it scems that a parting at the lower part is thickening and coal above the parting
is thinning and deteriorating toward the southeast and finally, the scam deteriorates to coaly

shale at the outcrop PCA31.

In the western pant, the Queen Seam was not exposed and for a distance of 3 km, There are
three thin coal outcrops at the southweslern part and they have been provisionally correlated
to the Queen Scam. If the correlation is correct, they indicate the same thinning trend as in

easlern parl,

In seven boreholes out of nine, the Queen Seam was encountercd and their records have

been given as shown in Table 4-1.
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Table 4-1 Drilling Record in Silimpopon  (feet. inches)

Hote No. Depth to Coal Thickness of Coal
No.1 Diamond 261 no record o
No.2 Diamond 149 6.0
No.3 Diamond 237 6.0
No.4 Diamond 181 6.0
No.2 Isler 365 511
Na.3 Isler 492 0.0
Ne.5 Isler 585 5.5

In two boreholes, No.1 and No.4 Isler, the Queen Seam was not encountered, although they
were sunk to a depth considerably greater than that at which the Queen Scam was expected.
Diilling record shows as foltows :

Expected depth of coal (feef) - No.l: 420, No.d: 660

Total depth drilled {feet) - No.l:1,209, Nod:I1,111

The cause for absence of the Queen Scam is not clear, but the following suggestion has
been given in the report, “The presence of thin coal, coaly rock, and dark shale where the
Queen Seam is missing suggests that the discontinuity may be due to deterioration of the

seam.”

It should be noted that the accuracy of drilling information in the above reporl is uncertain
partly. For instance, the borehole positions are shown in the map atlached to the report
without coordinates and ground elcvation and further, river system in the map is different
from thal in the exisiing topographic sheet No.4/117/10. These matters are related to the
accuracy of the positions of the Queen Scam. Regarding the coal seam data in the
boreholes, the presence of parting and their thickness is vnknown owing to the tack of

dclaited log of the scam.

Figure 4-S shows the profites of the Quecn Scam formerly observed at outcrops, boreholes
and an adit as well as one ouicrop invesligaled during this study. The scam normally
contains some parlings of mudstone and carbonaccous shale which appears to be thicker

to the south. A thin coal band is present at 0.6 (o 0.8 m above the Gueen Seamn around the
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mincd out area. The roof of the seam is weak shale, occasionally carbonaccous, and the
floor is hard sandstone in general, The isopachs of the scam thickness are also drawn in the

Figure 4-5.
4.3.2. Geological Structure

The structure contours of the Queen Seam arc shown in Figure 4-6 together with the

representative cross scctions of the area.

The geological structure in the arca is dominated by a broad syncline, of which axis plunges
to the southeast. The Queen Scam in the eastern limb of the syncline lies with an average
dip of 10 degrecs to the south. The dip in the westera limb seems to be slecper than in the

eastern limb.

A fault is inferred based on the discontinuily of the Waterfall Sandstone bed on the surface
with an estimated horizontal displacement of about 300 m. If this is so, the underlying
Quecn Seam may also be affected as shown in Figure 4-6. A Tault is recorded in the old
mine plan at the scuthwestern corner of the mined area. However, it is more likely that this
discontinuity of the coal seam was not causcd by a fault but by delerioration of the coal

s¢am.

As mentioned before, it was suggesled that the missing of the Queen Seam in two boreholes
is due to deterioration of coal seam. However, it is still possible that a minor normal fault
may have caused the missing, because any detertoration trend is not found in the

surrounding boreholes.
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5. Estimate of Coal Resources



5. Estimate of Coal Resources
5.1, Criteria for Coal Resource Estimate

In-silu coal resaurces have been estimated in Malibau and Southwest Malibau arcas. Coal
tesources in Silmpopon area have not been estimated in the present study, because the
estimated rescrves have been given in the previous report (P.Cotlenette, 1954) and no

additional cxploration has been done since then,

The cstimate was made basically in accordance with the GSIYs Rescrve/Resource
Classification System, an cxtract from which is attached in Appendix 1. The criteria

adopted for resource estimate in this study are as follows :
(1) Resource class

In Phase 1 study, alt of the estimated resources were classified as “Inferred Resources” in
the stage of Prospecting. Since the Phase 2 study is regarded as "General Lixploration Stage
of Geological Study” according to the definitions of GSD’s system and the reliability of
geological data has been improved by detailed mapping, the cstimated resources are

upgraded to “Indicated” in resource class.
{(2) Coal scam

In Phase 2 study, correlation of coal seams has been established for the most part except
thin and sporadically occurring coal scams. Therelore, coal resources are estimated for

individual coal scams scparately according to the corrclation.
(3) Limiting factoss
(a) Coal thickness

More than 0.6 m (excluding parting)

Avcrage coal thickacss of all outcrops is used for estimate of cach block.
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(b) Maximum distance of cstimate
In strike direction from observation points : 1,000 m
In dip direction from the surface : 500m
The dislance in dip dircclion was timited to half of that in strike direction because of

no cxploration for underground part of resources.

(c) If the next outerop is less than 0.6 m, eslimate arca is limited to the distance divided

proportionally by the thickness of two outcrops.
(d) Specific gravity of coal : 1.3
5.2. Coal Resources
On the basis of above mentioned criteria, resource tonnage of cach coat seam block is

oblained wilh the following formula :

Coal resources (1) = length of block (m) x S00 (m) x average thickness (m) x 1.3

Figure 5-1-1 and 5-1-2 illustrate the arca and the thickness of each coal seam used in the
resource ¢stimate and the estimated coal resources are summarized in Table 5-1. Total
“Indicated” coal resources are aboul 18 million tonnes in Malibau arca and 26 million

tonnes in Southwest Malibau area.

‘The following characteristics of coal resources in each area are recognized from the above

figures and the table:

{1) In Malibau area, most of the other coal seams than main seams, which have been named
MA to MF, were obscrved at only one outcrops. They were numbered temporally by
adding a numeral after the name of main seam, for example, MA-1 and MB-2, according
to their relative stratigraphic positions. This proves the sporadic mode of occurtence of
coal seams in Malibau arca. In Southwest Malibau arca, on the other hand, all coal
scams were obscrved at more than one place and consequently, their conlinuity were

confirmed to some exlent,
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Table 5t Coal Resources

Malibau Area

Observ. Ave. Strike Distance |Coal
Seam points Thickness [Distance along dip |Resources

{(>0.6m) (m) (m) {m) {3,000
MF-1 1 0.63 1,100 500 85
MF  Seam 3 0.73 1,800 500 652
ME-1 1 1.24 1,900 500 1.365
ME Seam 0 — 0 0
MD-1 1 0.61 2,000 500 793
MD Seam 9 0.68 4,830 500 2,135
MC-2 1 .60 1,250 500 488
MC-1 1 .65 2000 500 845
MC Seam § .89 1.630 500 943
MB-2 1 0.80 2,000 500 1.040
MB-i 1 .88 2,000 500 1,144
MB Seam 5 0.89 1.310 500 158
MA-6 i 0.65 2000 500 845
MA-5 i 0.90 2.000 500 1,170
MA-4 1 0.80 2,000 500 1,040
MA-3 2 .64 2,450 500 1,019
MA-2 | 0.65 2,000 500 845
MA--1 1 1.05 2,000 500 1,365
MA  Seam 3 0.87 2420 500 1,369
Total 17,901
S.W. Malibau Area

Observ. Ave. Strke Coal
Seam points Thickness {Distance Resources

{(>0.6m) {m) {m) (1,000t)
SF Seam ? 1.65 2,390 500 2,563
SE2 Seam (Wm)| J......0851 2301 . .....500 et 21
SE2 Seam (W) of " iss | a000 | R00 [T 2035
SE2 Seamn (E) 2 1.16 2,760 500 2,072
SE{ Seam (W) 20[ 152 3310] 500 3278
SE{ Seam (E) 4 0.75 2,800 500 1,358
SD Seam. () N 560 BOOJ . 473
SD Seam {E) 7 1.563 2,680 500 2,665
SC4 Seam 4 0.83 2,280 500 1,234
SC3 Seam 5 0.54 2,840 500 1,735
5C2 Seam 1 1.06 2,640 500 1,819
SCI Seam 12 088 2,840 500 1,623
SB2 Seam 2 2.23 1,2i0 500 1,754
SB1 Ssam 9 1.70 3,160 500 3,496
Total 26,230
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{2) With regard to the coal thickness, the weighted average by tonnage is 0.76 m in Malibau
arca and 1.27 m in Southwest Malibau arca. Furthermore, all the coal scams in Matibau

arca except two isolated seams are less than 1 m in coal thickness,

(3) It is concluded from these data that the coal resources in Malibau area arc unfavorable
compared with those in Southwest Malibau with respect to thickness, continuily, and

resouree quantity.
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6. Evatuation of Coal Quality

6.1. General Comments on Analytical Result

During the study of Phasc 1 and Phase 2, a total of 56 samples were collected from the
outcrops in Malibau, Southwest Malibau and Silimpopon arcas. They were analyzed at
laboratories in GSD Sarawak and in Japan. The analytical results of all samples collected
in both Phase 1 and Phase 2 are shown in Table 6-1-1 and 6-1-2.

In the above tables, the following conversion and addition was made to the original report

from the laboratory :

(8) Fixed carbon conteat in proximate analysis was added by subiracting the sum of the
other components (M, A, VM) from 100%.

(b) The unit of gross calorific vatue was converted from kj/kg to keal/kg.

(c) Oxygen content (daf) in ultimate analysis was addcd by sublracting the sum of the
other components (C, H, N, S) from 100%, where total sulphur content was used in

this calculation after converted to dry ash-free basis.

Table 6-2 is a summary of main qualily parameters extracted from Table 6-1-1 and 6-1-2,
Since only one sample was taken from full scam section of the Quecn Scam during the
study, the previous analytical results have been shown in Table 6-3 in order to supplement

the quality data of the Queen Seam.

The followings are the general comments on the result of cach analylical item :

(1) Moislure

The average moisture content on air dried basis (inherent moisture) is higher in the order
of Southwest Malibau, Malibau, and Silimpopon. Inherent moisture varies depending on

the degrees of weathering and coalification. Since the all samples were laken from outcrops,

it is difficull to determine the correct moisture content of unweathered coal.



It is presumed, however, that the moisture content of unweathered coal in cach area is
roughly estimated at 3 % in Southwest Malibau, 2 % in Malibav, and 1.5 % in Silimpopon,
judging from its relationship with other parameters such as calorific value and oxygen

content.,

(2} Ash

Ash content of raw coal sample varics widely in gencral, High ash value is due lo the
presence of many non-coal partings in the sampling section as scen in coal seam profiles
of HK105 in Malibau and NK141-M in southwest Malibau. Ash coatenl of coal without
any visible parling is estimated to be less than 15 % in Malibav and 10 % in Southwest
Malibau. Higher ash in Malibau coal is probably due to the presence of larger amount of

very thinly banded partings or invisible mineral matter in coal structure.

{3) Volalile Matter

Although volatile matter content on air dried basis varies widely, it is in a simifar range on
dry ash-free basis in Malibau and Southwest Malibau as shown in Table 6-2. Consequently,
fuel ratio, which is given by the ratio of fixed carbon to volatile malte, is similar in bolh
areas. The Queen Scam in Silimpopon area has slightly higher volatile matter (daf) and
lower fucl ratio than those of other (wo arcas. In the previous data, volatile matter content

of the Queen Scam is more than fixed carbon in every analysis as shown in Table 6-3.

{4) Calorific Value

Although the calorific value of Malibau coal is lower on air dried basis, it is higher on d1y
ash-free basis compared with Southwest Malibau coal. This is the effect of higher ash

conteat and lower imoisture content of Malibau coal than those of Southwest Malibau.

Figure 6-1 illustrates the relationship between catorific value and ash content of each arca.
Calorific vatue is directly propoitional to ash content. The points below the average line in

the figures show the samples with higher moistore content.







Table 6-1-1 COAL ANALYSIS - MALIBAU AERA
Sample No. pwozn] 01022} nxzot | skeos lamoiomora) atxor ) cots) sxzun | NK227 | SK224 | 5K227 [{ve15)| 5238 | K218 | 5K217 ;SK2308] (vK 120} sxés—l— _sxm SK246 | NX216 [(HK025)] HK026 [HKa 18N HKO1 D)
Cosl Szam No. MFi MF [y ME$ ME ME MD Mo | MD | BD | MG | MC M3 | M8 MAS | MAL | mA | wmA MA
[Samgle Thickness (m) 063| o045) ors| ors| 150 osi1| oca3z] ost| o073 040f or7] 070| o57] o085] o095] 103] i58| o0a0) o057 ogo| 114) 070] 085] o3| 100] 045
Tota! Moisture (ar. %) 78| 104 9.9 i0)] 140 g4 4] 1o 10 40 5.1 54 BO 5.1 a9 49 40 5.4 s 19 14 41 510] 43| 66 58
Proximate Analysis {ad. %)%

Moisture 18 22 62 43 29 20 05 25 41 28 32 32 26 10 20 26 20 18 22 28 Al 28 16 29 1.7 13

Ash 1551 216| 205| 124 s45| 3z0| 33| 4s2| 262| e8| 200]| 152 429] ou] 0u| 2585) 53| 93 13 34| 135 52| 106] 107| 1728f 410

Volatile Matter 303] 236l 289 256| 240| 304| ase| 243 av2| 33| 37| 33| a9e| 404 azz2| az4] M2f 36| 0| 2] 31| 406 405| 3B2| 23B2| 284

Fixed Carbon 44| ass| asa| 287 278l ass| a2} 250 85| 4s5) 424 443 449] 455 asr| 391] 35§ 403| 4r2]| so6f 450] S44) 4ra] 482 423) 293
| Catorific Value {ad. Kcal/kglt 6699 5542] 42369] 6264 a633] s5198] s5442] 3759] 5031] 6399] ss24| 6.249| e8] 6604] 53821 5534] 4866] 6.338] 1312] 74717 6656 2434 7.451] 5.944] 65458 454
Total Sulfur (sd. %)+ 256 146]| 158] ae5| oss| a7a] ai2] o0} o073]| 229 25| 14| oso] 242| serk 1a35] 2871 166| 035] oc28] 031 026] 040]| 05§ 253] 049
Ultimate Analysis {daf. X}

Carbon 814 | 88| 723 | w8V a6 | ro |} 193 | 793 | w66 ] 793 | 787 | 88} 796 | 279 | 800 ] 800 | 778 | 8n¥ | 820 | 818 | 847 | 818 | 829 | 819 | 825 | 789

Hydrogen s8] s563) 502| 539] s5a5| 567 ets| 625| s5s58| ser| ses| si0f sa1) s5ss| 67| so07]| s3] 61| s81| s73] 600| 5| 538 573 59| 626

Nitrogen 127 123 seo| 16| oss| 108| t2s]| 185| 62| zo8| sr0] 173§ 140§ 182| 153| sss| 22| 134] 245 232 z27r| 233 90| 233f 187] 102

Ohygen 845 | 1216 ) 1843 | 1208 | ws1] 981 | ex | 1128 1545 1047 )] 003 ¥ e232] t212] t1s0} 93] 1040 917| a35| 929| 973] 966 987 936| 964f 220§ 1349
{Free Swelling Index (FSI# 15 1 8 1 0 1 15 Q 0 15 i 2 1 1 15 1 1 2 1 2 1 1 2 1 2 1
Hardgrove Grindability § (HGIJ+» 0.1 51.8 £45 553 | 560 543 542
Ash Fusibility+
(Reducing Atmosphere, deg. C)

Deformation 1,300 1385 1.075 1425] 1380 1170 1,505

Sphere 1.320 1420 1.415 1505| 1425 1,255 1545

Hemisphere 1.340 1425 1120 1510] 1.430 1,265 1550

Fhid 1310 1,450 1,140 1535] 1,450 1300 1580
Ash Analysis (dey. %4+

Si0, 239 543 13 584 | 548 45.1 509

A,0, 2883 25.28 19.69 2678 | 2625 2913 3191

Fe,0, 11.41 790 16.19 489 | 1033 456 240

Cs0 213 §.43 148 101]| o 400 201

MO 116 200 5.45 1.70| 156 400 290

N30 0.55 053 1.91 023| o2 1.24 046

K0 194 297 254 297 268 330 238

50, 112 132 412 060| o a3 337

PO, 1 0.5 056 025 | 015 1.65 637

TiQ, 138 108 1.07 127] 104 103 1.05

Mn0 005 0.02 003 < 0.01 041 0.04 <001

#Analysis in GSO Sarawak, ##Analysis in Japan
Analytical basis  ar. as received, ad: 8 dried, daf. dry ash fres
Sampls No. in ( ) sampled in Phase
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Table 6-1-2 COAL ANALYSIS -~ SOUTHWEST MALIBAU AREA
_Sar'rple Ho. SW25 ESK022| YKO3E | SK015] YKO27 | SKO42 |sKoe5-1]sko25-2] SW32 SW35_ SK020| SK010| YKO21 | SKO44| 5002 | SKG40| SKO39| NK140] SWIB | SW20 | NKTIT|NKI129 | KK134] SKO2d NK’.I"—; E.‘;(I-.l N -DF NK1O4 KKO1
Goal Seam No. s¢ | sE2 | sz | se2t se2 | SsEz | sEs | SEt | SE1 | SE1 | SEV | SEH | SEU | SE1 | SD SD | sca| scascrlsce|sct] sct) s8] SBY | SBi | SBi | $61 | SBY | [2amSen
Sample Thicknass {m) 160 123 145 200 t10] t01| 207]| 140) 486 235 154} 090] 075| 235] 140 120 095} 090 120 105| 0523 %25] 160] 045] 305] Q73] 115] 340
Total Moisture {ar. %)% 52 ] 21 42 6.1 46 7.2 58 41 85 44 44 37 6.8 56 52 41 46 4.7 46 44 39 49 58 47 53 53 39 23
Froximate Analysis {sd. W}
Maistura 30 3.2 48 44 e 32 49 48 33 29 35 ar 34 52 5.1 42 az 40 42 34 33 al 47 48 44 50 50 a1 1.7
Ash 199 210 84 52 48| 363 16 52| 1512 293 152 41 33} 216 66 79 8.2 66| 153 186 83| 213 93] 193 5% | 430 51 212 113
Yolatile Matter 372 36| 3843 407 | 444 3| 3867 404 | 21 4511 215} 427 424] 3491 406| 396| 419)] 396} 366] 430 426 | 3897 3I61| 424] 61| 4183) 359 390
fFied Carbon 399 as1| 424| as7| s76| a47| 43¢9| 429 429] 494 | 438 495| 452 383 477 483 467)] 498§ 439| 460| 4589 384] 411 398 | 431 259 480 a92 420
Calerific Valus (2d. Koal/kgd ssa1| 5132} 6202| es91] 7.245] 2810] 6554| s766] 6.213] 7.391] 6.a06] 7.456] 6.730| 5327| 6.624] 6685] 6.846) 6.923] 5.986| 6911 6909| 5.702| 6,455] $.461f 6.878] 3371 6.724] 5650 6564
Total Sulfur {sd N)» 089) 269 127| o036 C45F 060 072]| 041] 087) 065 041 0a5| o054 280| o034 o030| 263 044 029 284F 256)] 2735) 029) 197] 027] 083¢ 031| 087 183 |
Uttimats Analysis {daf. \)*
Carkon 85 | 113 | 175 | 198 | 8.t 764 1 787 | 187 | 793 | 812 | 801 | 802 | 79% 738 | 784 | 19 791 | EDy 78 | 87 1 793 | 14| 186 | 755 | 789 | 704 | #29 | 187 -1 M
Hydrogen 615t s13| 535)] 579 579 s23| 561 559 s99| 550| 508 579} 595| 567 574 54| 593 S56¥| 53| 587 | 584 583) S50 673 | 566 52| S&Y| 645 6.48
Nitrogen $131 127 124 138 1438 120 r30| 14%) (26| t44] 139]) 151 $27 ]| 107 135 143} 12 $24 | 132}) 103 1e7] 11 122 145 §23| 105] 118} 117 1.41
Oxygen 1305 | 1175 ) 1443 | 1262 1594 ] 1522 | 1256 ]| 1384 1226 1027 1203 | 1252 | 1265 | 1564 | 1412 13291 1023 | 1260] 1479) 1145 | 1079 ] #1948 1435 | 1472] 1391 | 21.60 | 1492 1283 .15
free Swelling tndex (FS1)* 1/2 i 0 1/2 1 1/2 1/2 1/2 1 ] i/2 1 1 /2 §/2 /2 1 1 1/2 1 i 1 1/2 1/2 1/2 /2 1/2 1/2 2
Hardgrove Grindability | (HGO+# 530 404 489 536 50.1 548 499 §49
Ash Fueibiity k%
{Reducing Atmosphare, deg. C)
Deformation 1,493 1.155 1.345 1315 1.240 1.100 1,290 1,385
Sphere 1.555 1190 1.400 1315 1.280 1,145 1,380 1.420
Henisphere 1,585 1,200 1.405 1350 1.280 1,160 1.350 1.430
Fhiig §.590 1,225 1,430 1.440 1,305 1.190 1410 §,455
Ash Analysis (dry, %44
50, 5t.4 212 514 369 443 482 451 454
Al D, 31.09 31.74 28.56 820 30.75 22.42 3050 3214
Fe, 0, 8.3 746 .52 97 414 12.34 242 .01
Ca0 1.08 8.29 213 568 464 259 266 181
M0 L0 797 292 523 533 259 07 193
Ha, 0 038 301 .78 ¢ 110 030 060 235
K0 231 147 225 083 204 133 219 032
§0; 108 847 222 424 414 152 282 1.16
£,0, 008 1.24 0.09 1.16 0.65 007 037 006
Ti0, 084 1.38 139 1315 1.19 083 V.23 1.72
MnD 002 0.03 <001 Q02 0.03 002 0.02 < 0.0t

tAnalysis in GSO Sarawak, ##Analysis in Japan
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Table 6-2 SUMMARY OF MAIN QUALITY PARAMETERS
AREA MALIBAU SW-MALIBAU SILIMPOPON
Average {Range) Average {Range) {1 sample)
Proximate Analysis (%)
Moiture (ad) 21 (06-62) 4.0 (28-52) 1.2
Ash (ad) 215] (34-482) 128| (29-43.0) 113
Volatite Malter (daf} 466] (439-5i2) 469| (443 -~502) 481
Fuel Ratio 1.15] {095 - 1.28) 113] (099 - 1.26) 1.08
Galorific Value (kcal/kg)
{air dried b)) 5523] (3633 - 7501} 6,305| (3,371 - 7,456) 6564
{dry ash—free b) 7.818] (6,795 - (8,679) 2,560 (6,482 (087 8,103
Total Sulphur (2d. %) 146] (026 -3.19) 1.05| (029-284) 1.83
Ultimate Analysis (daf. %)
Carbon 1940] (7230 - 52.90) 1827 (7040 ~ 81.20) 81.00
Nitrogen 169] {085-241) 1.27] 1.07 -~ 1.50) 1.11
Cxygen $1.10] (720 - 1843} 13.33] (10,73 - 15.64) .15
Free Swelling Index (FS1) 1.1 0-2 0.7 -1 2
Hardgrove Gridability §. (H 5807 (51.9-701) 501 (404 -549) 549
Ash Fusion Temp. (deg.C}}
Initial Deformation T. £.317] (1.075 - 1,505) 1,272] (1,100 - 1,495) 1.385
Hemispherical T £377) (1.120 - 1,550) 1,341] (1,160 ~ 1,565) 1,430
Ash Analysis (dry, %)
Si02 50.26| (43.30 - 538.40) 43.64] (27.20 - 51.40) 4540
A1203 27.07| (i9.69 - 31.91) 3052 (2242- 3320} 32.74
Fe203 838] (340-16.19) 8171 (387-17.349) 110
Ca0 223 (093-4.00) 385 (1.00-9568) 181
MgO 2371 (1.70 - 5458) 419F (1.70- 757 193
Na20 073] (©023-191) 1.13} (030 - 4.01) 2.35
K20 282 {1.94-336) 1.77] (098 - 23N 032
Tio2 1.13] (1.03-1.38) 1.i8] (084 -1.39) 1.72
Coal Rank hvAb | (hvAb - hvCb) | hvBb | (hvBb - hvCb) hvAb




Table 6-3 ANALYSIS OF QUEEN SEAM (PREVIOUS REPORT)
Phase 1 Collenelte’s Report
Sample No. KKOT1~1|KKO11-2{KKO11-3] (1913) | (1926) | (1948) | (1952)
Sample thickness {m) 0.34 0.17 0.73 - - - -
Total Moisture {ar. %) 19 88 65 - - - -
Proximate Analysis (ad. %)
Moisture 09 i1 1.1 - 30 13 16
Ash 206 283 5.0 - i1 40 124
Volatile Matter 403 357 46.2 - 441 483 448
Fixed Carbon 382 349 437 - 418 46.4 412
ﬁg!oﬁﬁc Value (ad. kcal/ki 6,239 5,348 1.555 1415 6,731 1,639 1228
Tota! Sulphur {ad. %) 229 i.72 218 247 221 410 2.52
fUltimate Analysis {daf. %)
Carbon 71940 1860 83.20 79.93 19.31 8020 -
Hydrogen 6.10 606 618 636 6.33 §.20 -
Nitrogen 0.4 Q.78 1.05 085 1.65 - -
Oxygen io8s| 1242]  7i5]  e9s] 1001 - -
[Free Swelling Index (FS1) 1.5 i 6] - - 55 45
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Making a comparison between two diagrams, catorific valuc of Malibau coal is about 350
kcal/kg higher than that of Southwest Matibau coal at same ash content. Based on these
diagrams, calorific value of unweathered Malibau coal is approximately estimated at 7,100
keal/kg for 10 9% ash and 6,650 keal/kg for 15% ash, while those of Southwest Malibau coal
is 0,750 keal/kg and 6,300 kcal/kg respectively. Calorific valuc of the Queen Seam in
Silimpopon scems to be further 150 kcal/kg higher than Malibau coal.

(5) Totat Sulphur

Sutphur content is higher in the order of Silimpopon, Malibau, and Southwest Malibau. In
Malibau area, 15 samples out of 26 contain more than 1 % of sulphur but all samples from
MA scam group show remarkably low sulfur content. In Southwest Malibau acea, the
majority of samples (20 samples out of 28) are of less than | % and most of the remainders
arc of more than 2 % with few middie values. It is supposed that sulphur concentralion
occuired very locally in some pail of the coal scams in Southwest Malibau. Within both

areas, it secms that high sulphur coals occur in the castern part of each area.

The sulphur content of the Queen Scam in Silimpopon is high, as already indicated in Phasc
1 study. Previous report also shows sulphur content of not less thar 2 %. One result of

analysis on the Forms of Sulphur has been given in the previous teport as shown below :

Sulphide 0.04 %
Sulphate 0.24
Organic 2.24
Total 2.52

‘The above analysis indicates that most of the sulphur exists in the form of organic sulphur
which is incorporated into the hydrocarbon compounds of the coal struclure, and the

amounl of sulphide, mostly pyrite, is vegy little.
(6) Ullimatc Analysis

In general, carbon content increases as degree of coalification becomes higher, while

oxygen content changes in the opposite way. From this point of view, it is supposed that
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degree of coalification may be higher in the order of Silimpopon, Malibau, and Southwest
Malibau. This supposition agrees with the analytical result of moisture content (ad) and

calorific value (daf) but disagrees with higher volatile malter content in the Queen Seam.

Nitrogen content is low in Southwest Malibau and Silimpopon areas and moderate in
Malibau arca. In Southwest Malibau acea, it is less than 1.5 % in almost all samples, while

in Malibau arca, it is more than 2 % in scven samples.
(7) Free Swelling Index (FSI)

Ali samples show fow FSI values ranging from 0 to 2. Although FSI is very sensitive to
weathering, the coal seams in the arca arc thought to be of low coking property. In
Silimpopon area, however, three analytical results in previous repott show cxceptionally
high FSI valuc from 4.5 to 6 as shown in Table 6-3. Compared with ash content of these

samples, it is possible that low ash portion of the Qucen Seam posscsses high FSL
(8) Hardgrove Grindability Index (HGI)

HGI is generally high enough for quality requirement of steaming coal (>40-45). All
samples have HGI of more than 50 except onc of Southwest Maliban which shows a

marginal value of 40.4.
(9) Ash Fusion Temperature (AFT) and Ash Analysis

These test and analysis related to ash were carricd out for the purpose of predicting the
behavior of ash during combustion, pariicularly the tendency of stagging and fouling.
Scveral indices are used for this purpose based on the fusion temperatures and mineral
composition of ash. Most of the analytical results satisfy the qualily requirements for
combuslion but several samples show the marginal values in some of those indices. This

matter is discussed in more detail in the next section.
(10) Coal Rank

The analytical result indicates that the coal in the study acca are classified as high volatile
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A to B bituminous (hvAb to hvBb) in coal rank according to the ASTM standard. Although
some samples are fallen under hvCb in rank, they seem to be affected by weathering which
resulted in increasc of moisture conteant and decrease of catorific value. In comparison of
three arcas, coal rank scems to be the highest in Silimpopon and the lowest in Southwest
Malibau.

6.2. Evaluation of Coal Ulitization
Generally speaking, the coal in the study arca shows suitable quality as sleaming coal. In
this scction, analytical result is evaluated from the view point of utilization as steaming

coal, mainly fof power generalion puipose.

Table 6-4 Quality Requirements for Power Plant

Quatity Parameter Unit Limit
Gross Calorific Yalue keal/kg > 6,000 - 6,200
Total Moisture ar % < 10-12
Ash ad % <15-20
Volatile Matter ad % >18-20
Fuel Ratio <20-25
Sulphur ad % <16-1.2
Nitrogen daf % <1.8-22
Grindability (HGI) >40-45
Ash Fusibility

Initial Deformation T. deg. C > 1,150 - 1,250
Hemispherical T. deg. C > 1,250 - 1,300
Ash Composition :
Na,O dry % <2.0-3.0
Base/Acid Ratio <05 %‘?
Stagging Factor <0.6
Fouling Faclor | <02



"able 6-4 summarizes the typical coal qualily requirements for power gencration,
commonly used for imported coal in Japan. Limiting values in the table are not definite
standard and a little different by power contpanics. The following is the evaluation of the

analytical result in comparison with Table 6-4 :

(1) Total Moisture

High moisture content is disadvantagcous for coal utilization. Not only it reduces calorific
value, but also causes problems in coal handling, such as blocking of hoppers, freezing in
cold weather and grinding problein in mills. Spontancous combustion is also promoted by

high moisture contenl.

Fotal moisture consists of surface and inherent moisture and the amount of surface moisture
is normally not morc than 10 %. Therefore, in the case of the coal with a few percent of
inherent moisture as in this atea, tolal moisture can be easily kept within its limit shown in
the Table 6-4.

(2) Ash

Raw ash content of the main coal seam in the area is low in Southwest Malibau, low to
niedium in Silimpopon and medium in Malibau in general. When considering the mining
plan, however, the ash content of mined coal highly depends on the sclection of mineable
seam and mining methad. This matter is discussed later in the study of mine development

plan.
(3) Volatile Matter

% Volatile matler content of coal is an imporianl property in many aspects of combustion,
such as ignition, teaglh of flame and flame sability. Fuel ratio, which is derived from
volatile matler content, is also a indicator of combustibitily. Low volatile coals cause some
problems in those aspects of combustion. High volatite bituminous coal as in this arca is

regarded as the most suitable for combuslion in terms of volatile matter content.



(4) Sulphur

Upper limit of sulphur content is detesmined from the environmental point of view. During
the combuslion, the majority of sulphur in coal is transforimed to sulphur dioxide (SO,) and
cmilted in the air. As SO, cmission standard becomes strict, the most of the traded coal in

the market haveless than 196 sulphur.

In addition to the environmental problem, high sulphur in coal and ash increases the
tendeicy of fouling in boiler surtace. Only one advantage of high sulphur content is that it
increases the efficiency of dust collection by lowering the electric resistivity of fly ash,

although priority is given to the environmental aspect.

Sulphur content of the main coal scams in Malibau and Southwest Malibau area ar¢ in an
acceplable level, In Silimpopon arca, however, the Queen Seam contains about 2% sulphur.
Further study is required on utilization of Silimpopon coal, including sulphur reduction by
washing and utitization for cement industry which allows the use of higher sulphur coal

than power station.
(S) Nitrogen

In the same way as sulphur, the nitrogen content in coal is an important issue with the air
pollution by nitrogen oxides (NOx) bui no effect is known to combuslibility. The nitrogen

content of coal in the area is low and no problem on utilization.
(6) Calorific Value

Needless to say, calorific value is an importanl parameler in the evaluation of stcaming
coal. It varics with ash and moislure content and coal rank. Limiting value shown in Table
6-4 is an example which is commonly used in Japancse power companices for impoited coal.
Even the coal of much lower calorific vatue can be used in an appropriatc lype of boiler (o

meet its quatity specification,
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In order to obtain the coal of 6,500 kcal/kg, the corcesponding ash content in cach area is
approximately cstimated as follows based on Figure 6-1 @ 17% in Malibau, 13% in

Southwest Malibau, and 19% in Silimpopon,
(7) Hardgrove Grindability Index (HGI)

In the most coal-burning plant, very finely ground {pulverized) coal is used recently. HGI
is a measure of the relative grindability or easiness of pulverization of coal. The higher the
HGI, the easier to grind coal and thus, 1IGI is important in the design of mill equipments
and determination of ils capacity. HG1 of the coal in the arca is more than 50 compared with

the requircment of 40 to 45 for steaming coal.
(8) Ash Fusion Temperatures (AFT)

Ash depasition is an important problem in combustion operation which creates slagging and
fouling in the boiler. Ash fusion temperatures are often used to predict the slagging and
fouling tendency of coal. In this test, small cones of coal ash are gradualiy heated and the
(emperatures are measured at four points at which the shape of the cone are observed in the
following shape :

Initial deformation temperature (IDT) : initial rounding of cone tip

Softening temperature (ST) : height of cone equals to width

Hemispherical temperature (HT) @ height equals to half width

Fluid temperature (FT) : cone flattens with melting
Although the limiling value of AFT is different by companies, IDT of more than 1,200C

is commonly used for pulverized coal combustion. Table 6-1-1 and 6-1-2 shows that four

samples out of fifteen have lower IDT than 1,200C.
(9) Ash Analysis
Tt is difficult to predict the actual ash behaviour in boiler based on the analytical data in

laboratories, because of the difference of the physical conditions between two

circumstances. However, it is thought that the tendencies of slagging and fouling are related
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to the mineral camponent of ash. Among the many kinds of indices proposed for the
purpose of predicting slagging and fouling tendencics, sonic examples arc shown below

with commonly used limiting value in parenthesis :

(a) Basc-acid Ratio (<0.5) : Fe,0, + Ca0 + MgO + Na,0 + K,0/Si0, + ALO, + TiO,
(b) Slagging factor (<0.6) : Basc-acid ratio x $% (dry)

(¢) Fouling factor  (<0.2) : Basc-acid factor x Na,0%

(d) Na,0 % (<2.0)

It is understood in general that the basic components of ash, especially Fe,O,, CaO and
MgO, lower the ash fusion temperatures and the presence of sulphur and sodium (Na,O)
have a bad effect on boilers with respect to slagging and touling. However, all these indices
are relative indicator of ash behaviour and several indices, not a particular index alone,

should be considered together in evaluation of coal quality.

The calculated values of the above indices including 1DT on each sample are shown in
Table 6-S, in which the values beyond the limit are underlined. In this table, slight
tendencies of stagging and fouling arc found in scveral samples, for instance, SK238 and
SK246 in Malibau and SK015 and NK129 in Southwest Malibau.
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Table 6-5 Summary of Ash Indices

Indices IDT(C) | B/Aratio | Stagging . | Fouling F. | Na,0 (%)
Requirenmient >1,200 <B.5 < 0.6 <(.2 <20
Malibau

SK208 1,300 0.25 0.48 0.14 0.55

SK224 1,385 0.18 0.40 0.10 0.53

SK238 1075 0.40 116 0.88 1.9¢

SK217 1,425 0.42 0.17 0.03 0.23

SK230 1,360 0.19 0.56 0.03 0.17

SK246 1170 022 0.07 0.28 1.24

K026 1,505 0.14 0.05 0.07 0.46
SW Malibau

SW25 1,495 0.16 0.15 0.05 0.36

SKO15 1155 0.48 0.18 195 4.0t

Swi7 1,345 0.18 0.18 0.14 0.78

SK@e40 1,315 0.22 0.07 0.17 0.77

Swisg 1,240 023 0.07 0.25 1.10

Nk129 1,100 0.34 0.91 0.10 0.30

NK104 1,290 0.23 0.21 0.14 0.60
Silimpopon

KKO11 1,385 0.22 041 0.52 2.35
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7. Preliminary Study en Coal Mine Development

Based on the geological asscssment of coat seam condilions in the arca, the coal mine
development plan has been studied. Since the exploration is still in the carly stage without
any exploratory drilling to the deeper part except for several old boreholes in Sitimpopon
area, the mine plan is also preliminary and conceplual. Some assumptions have been

applied in mine planning as well as cost estimate,

Malibau arca was excluded from the arca for mine plan, because of small thickness of coal
seams in the area. As stated in the previous section 4.1, only 12 ceal outcrops out of 164
exceed 1 min seam thickness and many coal secams show sporadic mode of occurrence. It
was concluded from this fact that coal seams in Malibau area were too thin to be minced

economically by underground mining method.

‘the preliminary mine plan in Silimpopon and Southwest Malibau areas has been prepared
after reviewing geological data from the mining point of view and inspecling the proposed
mine site. In the present study, only the underground mine plan has been prepared, because
of difficult geological and topographical conditions for opencut mining, particularly in
Southwest Malibau area. The following is the explanation of the mine plan in these two

arcas.

7.1. Silimpopon Area

7.1.1, Basic Consideration

(1) General Situation

The proposed mine site is situated in the southeastern corner of the whole study area and
accessible by road from Tawau at a distance of about 100 km. The surface of the arca is
gently undulaling land ranging from 75 m to 50 m in clevation and covered by the

plantation of oil palm for the mos! part. Silimpopon river and ils tributaries flow toward the

soulh within the area.
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{2) Old Collicry’s Records

In the northern part of the area, there was a colliery which was operated for 27 years [rom
1906 to 1932. Production record gives the total tonnage of 1,348,952 tons {probably in long
ton) between 1909 and 1929, although that of first and last three years is unknown. The
average annual production is 64,236 tons and the maximum is 90,012 tons in 1924, Several
inclines, adils and shafts were driven and the coal seam was mincd by “pillar and stall

mecthod”.

Product coal was transported by rail from the mine to No.2 Wharl, about 7 km south along
Silimpopon river, At the Wharl, the coal was loaded into lighters and they were towed by
a launch to the Coaling Station on Sebatik Island. Some lighters not unloaded at Sebatik
Island were towed to Sandakan direcily. The coal was mainly vsed as the fuel for

stcamships.

The mine was closed in 1932 owing to decreasing production and resultant large loss in
mine operation. Coal production could niot atlain to the expected level throughout mine life.
It is reported that the mining problems, such as falls of weak roof, acid water from roof and
spontancous heating, prevented a systematic mining and increase in production. Poor

markel siluation seems to have been one of the cause of mine closure.
(3) Mining Arca

Figure 19 and 20 were used as a base map for mine planning, in which all geological
information of the Quecn Seam are shown, including outcrop lines, isopachs of scam

thickness, struclure contours as well as the area of old Sitimpopon Collicry.

‘The selected mining area is bounded on the southeast by an isopach line of 1.2 m which
was adopled as the minimum mining thickness in this study. On the southwestern side, the
positions of two borcholes, Isler No.1 and No.d, were excluded from the mining area,
because there is the possibility of deterioration of the Queen Seam in these bareholes. On
the northera side, 100 m along the seam from the old mine anrd coal outcrops are (o be left

unmined as safety barriers in order to prevent water inflow into the mine,




(4) Recoverable Reserves

Recoverable reserves have been estimated according to the mine plan mentioned in the next
section. Rescrve calculation was made on raw coal basis in each pancl and roadway using
the following formula :

Recoverable rescrves (f) = mining area (IN) x mining thickness (m) x specific gravity

x recovery factor (%)

The valucs applied for the parameters in the above formula are as follows :
mining area (IN) : measured on the mining plan, excluding coal barriers on the
both sides of slopes and between upper and lower pancls
mining thickness {m) : 1.2 - 1 85 (determined by isopach map)
rccovery factor (%)  : longwall - 95, board and pillar - 33, roadway - 100

specific gravily : 1.4 (raw coal)

Total recoverable rescrves in the planned area is approximalely 3.7 million tonnes.

Rescrves in each panct and roadways are shown in Table 7-1.
7.1.2. Mine Design and Mining Mecthod
(1) Mine Access and Roadway Development

Gencral {ayout of the underground mine in Silimpopon is shown in Figure 7-1.

The position of portal is selected at sufficiently higher place from the river level to avoid
water inflow by flooding. From there two paralle! slopes are driven in the tock above the
Qucen Scam at an interval of 50 m. The inclination of the rock slopes is 18 degrees. After
reaching the Queen Seam at about 320 m from the portals, the slopes are driven along the
seam al an inclination of about 6 degrees. One of the slopes is used for intake of fresh air
and teansportation of coal, malerials and workers, while another one is used for exhaust of

polluted air by the main fan installed near the porlal.

As in-seam slopes advance, nearly horizontal roadways, slightly upward, are driven to the
both sides of the slopes at regular intervals. They become the upper and the lower roadways

of the mining panel, of which sizc is 100 m in width and 500 m to 1,700 m in length. Coal
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Tabla 7-1  Recoveradle Reserves of Sitimpopon Mine

Mining Reoadwey
tasgth Area | Thick In-site Peco F.|Rassrves Length Recerves
fen) | (0Q0m2H (e} {10000 A {10004 {m (10000
Slepe Hn2
i LIRS L AEST 7819
05| 185 no| N 1260 102
90| 185 1269 | 564
e n2-l | A0 4500 1251 nss) ss ]
Wi2-2 8G 5 8] a0 1833 17
F 4| 7129
w3 [v 5
1820 154
2430 01
2m10 234
1040 1R
1410 ne
3200 5.3
5
W9 -2 0
s : 450 185
1745
Nest total 18400 20,830 11586
EVIEL-1 | 4s0]  420% 183
E1-2 1580 128
]!
E2 [E2-1 an 2140 113
€3 [E3-1 1]
E3-2 [Eh) 2840 204
7]
2830 214
ES
1060 211
1]
300 195
Ed JE]- 3 128
E1-2 219 3191 149
ET-3 470|470 182 2529 18.1
E¥-4 o] 184
1, 1200 (43
Ef [EE- ol 124
£3-2 250 58| 130
83 UETN I 513 I K2 2210 131
£8-4 85 [ 50
1.055 100 33
E% [E3- 156 90| 1241
E9-2 ol . 40) 133
£4a 1 T 1520 t04
810 8l 133 ) )
Et0[EIS-] 589 kD] 101. 65 85
80| ssg|Tidd 1018 |_58 —a5] - ® 18
Fast tota! 16850 | 106801 157 211 ) 853 15310 23490 1598
Total 25060 | 21060 144 a8 | 621 33024 | 44330 2564
Total : 36598
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barricrs of 20 m is left between upper and lower panels.
(2) Mining Mcthod

“Semi-mechanized “longwall mining” (1/W) and *board and pillar mining” (B/F) were
selected as the suitable mining methods for the geological condition in the arca. 'The latter
is applicd under the river to the extent of 100 m on both sides of the river, so as to minimize
the effect of mining on the surface due to its small mining recovery rate and conscquently,

to prevent water inflow from the river.

In L/ mining, coal is broken by blasting and coal picks and moved by chain conveyors
from working face to lower roadway. For roof supporting, three hydraulic props are set up
at intcrvals of 0.6 m combined with steel link bars of 1.2 m long. Mining operation statt

from the end of a paned and move back toward the slopes (retreating system).

In B/P mining, cither of the following combination is applicd :
(a) blasting + side dump loader (or face loader) + chain conveyors

{(b) road header (or conlinuous miner) + chain conveyors

In this system, coal of S m wide is mined upward at right angle to roadway and next 10 m
coatl is left unmined as a pillar. Thus, coal extraction rate lowers to onc thirds (33%) ina

mining block.

In roadway driving, same combinations of equipments as above are also used. Dimensions
of all roadways including slopes arc as follows :

width - 4 m at roof, 5.2 m at floor. height - 3 m.

Mined coal is transferred from chain conveyors into mine cars al a lower level roadway,
then hauled by battery tocomotives. Finally, they transported to the surface through the

slope by a winding machine instatled near the portal.



7.1.3, Coal Production

Schedule of roadway development and coal production has been cstimated on the following

assumptions.
(1} Work Schedule

‘The mine opezation is carricd out on the foltowing basis :
Working days = 5 days/weck x 52 weeks/year - public holidays (10 days)
= 250 days/year
Working shifts = 8 operaling hours x 3 shifls/day

Number of tcanis working in cach face is as follows :
(a) Roadway driving
nine years 1-5 6-11 12-21
number of team(s) 2 1-2 I

(b) L/W mining
regular team : 1 team/shift x 3 shifts/day
additional team : 1 team in a separate panel,

years 11 10 22 - 1 shift/day, afterward 2 shifts/day

(c) B/P mining
regular team : 4 teams/shilt x 3 shifts/day

additional team : (D years 6 and 9 - 3 teams/day, @ years 11 to 22 - 4 teams/day

Notes : (i) L/W and B/P mining arc opcrated alternately.
(i) One L/W team can be divided to four B/P tcams, as the number of workers
at a L/W face is 23 compared with 5 at a B/P face.
(iii) The above variation in the number of each working face was planned .
taking into account of nccessary driving distance of roadways in cach year

and keeping constant annual coal production.
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(2) Rate of Advance and Coal Production

(a) Roadway driving
Table 7-2 Advance Rate and Coal Production

Rock Slo;ae% Tn-seam Slope In-seam Road
Advance Rale (n/shift) 1.0 1.2 24
{m/day) 3.0 3.0 7.2
Coal Production  (t/m)* - 8.1-1it3 74-11.3
(t/shift) - 29.2 - 40.7 533-814

* depending on coal scam thickness

(b) LAY mining
An advance rate of longwall face is eslimated in the following way :

- intervals of hydrauiic props : 0.6 m
- number of hydraulic props moved ahead in a shift by two crews : 100 props

- advancing distance of a prop atone time : 1.2 m

R

- total length of mining face (1 cycle) : 100 m
- coal production by 1 m advance in 100 m long face : 165 £ - 246 ¢ (depending
on scam thickness, 95% recovery ratio)

Using the above parameters, the advancing distance of 1/W face and the rate of coal

production is calculated as follows:
Culling distance along the face : 60 my/shift — 180 m/day
Average advance of the face {cycle) : 0.72 m/shift — 2,16 m/day

Rate of coal production : 119t - 177 t/shift — 357 - 531 t/day
{c) B/P mining
Advance rate : 3.6 m/shift/tcam — 10.8 m/day/team
’? regular teamz  : 4 teams/shift x 3 shifts/day — 43.2 m/day

additional team : ) 3 teams/day — 10.8 m/day (years 6 and 9)
| (@ 4 teams/day > 14.4 m/day (years 11 to 22)
Coal production rate : 8.7 - 13.0¢/m
regular team : 375 - 562 t/day
additional team (D 140 t/day, @ 152 - 179 yday
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(3) Production Schedule

Based on the above standards and assumptions, the coal production schedule has been
established as shown in Table 7-3. Detail of mine development schedule and production by

mining methods is attached in Appendix 4.

According to this schedule, the average annval productior during full produclion period is
about 160,000 tonnes on raw ceal basis including 15,000 tonnes Irom toadway
development. Estimated recoverable reserves of 3.7 million tonnes will be exhausted after

twenty four ycars’ mining operation.

7.1.4, Work Force

Table 7-4 is a summary of required number of work {orce on the registcred basis in the

whole mine organization.

Table 7.4  Summary of Werk Force

Section Staff | Worker | Total
Mine Management 2 - 2
Underground 34 191 225
Production Washing Plant 7 40 47
3 Subtotal 41 231 272
Safety Subtotal 19 7 23
Underground 2 28 40
Mechanical & Electrical | Surflace 11 22 33
Subtotal 23 50 73
Planning & Conlrol 4 - 4

Mine Engincering Survey & Designing 3 6

Subiotal 7 6 13
Warchouse 4 8
Accéunling 5 8 13
Accounting Sublotal 9 12 21
Admioistration Subitotal 14 10 - 54
Total o112 346 - 458







Table 7-3 Production schedute  Silimpopon Mine (1,000 1)
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The number of work force allocated in each shift is as follows :

Shift 1 Shift 2 Shift 3 Total
Staff 67 24 21 112
Workers 156 105 85 346
Mine Total 223 129 106 458

Among these department, breakdown of work force in production department, which plays

an important role in minc operation, is given in Table 7-5 and cxplained below. Details of

other deparlments are shown in Appendix 4.

Produclion department

For cstimate of required number of regisiered workers, the following attendance fate is

applied, namely, 85% for dircet production groups (mining and roadway driving) and 90%

for other groups.,

(a) 1/W and B/P mining

At a L/W face, following works and number of workers are required :

Drilling and blasting

Extending link bars and sctting up hydraulic props

Shoveling coal and driving chain conveyors

Removing hydraulic props in third row

Making siable room and other works

Checking link bars and hydraulic props

Total

teams and placed at four faces of B/P mining.

{b) Roadway driving

Two roadway faces are driven regularly and five workers are required at one driving

face.

Required workers :

2 x5 =10/shilt — 12 registered / shift
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4
4
6
4

1

1 23 — 27 registered/shill

L/W and B/P mining are operated alternately and 27 workers are divided into four




Table 7-5 Work Force of Production Deparlment

Number of workers

requirerd workers registered workers
) shift 1 |shift 2 [shift 3 |subtotal [shift 1 [shift 2 {shift 3 subtotal
LAV, B&P | 23] 23| e 2| 2] | =
Headings 10 10 10 30 12 12 12 36
Maintenance 8 8 g1 24 g| 9 9| 27
U/G [Transportation 1 T 11 33 2| 2| 2| 36
Fixed shift 1 3 3 9 9
Office works 2 2 2 2
Subtotal 62| s2| s2| 166 | n| eo]| e | 19
Hand picking 12 12 24 13 13 26
W/P |Operaters 6 6 12 7 7 14
Subitotal 18 18 36 20 20 40
Production Dep total 80 70 52 202 N 80 60 231
Number of staff (registered)
L shift 1 shift 2 shift 3 subtotal
Depatment head | 1
Superintended 1 1
Section chief 1 1
Group chief 1 1 | 3
LW 3 3 3 9
UG Heading 2 2 2 6
General staff | Maintenance 2 2 2 6
Transportation 2 2 2 6
Fixed shift 1 1 1
UJ/G sublotal 13 10 10 33
Superintended 1 1
WP § Group chief i 2
Generat staff 2 4
W/P subtolal 4 3
Production department total i8 13 10 41




{c) Maintcnance
Eight workers are required for maintenance of roadways and other various works.

Required workers @ 8 -2 9 registered / shift

(d) Transportation

In horizontal roadways, onc battery locomotive is uscd in upper level road and two are
used in lower level to haul mine cars. A locomotive is run by an operator and a
conductor. For transportation in slope, two conductor are required. Additionally, one
locomotive is used in various work on the surface with an operator, a conductor and a
helper. Therefore, the total required number is :

Horizontatroad : 1x2+2x2 =6

Stope :Ix2 =2
Sutface : 1x3 =3
Total : bl —> 12 registered /shift
(e) Fixed shift &
' This group is engaged in various important work only in first shift and consists of cight

skilled workers.

(f) Washing plant
In the present study, introduction of a simple washing plant is planned together with
hand-picking system. Operation of two shills is required for processing total run-of-
minge judging from the planned capacity of the facilities.
Required workers : 12 (hand-picking) + 6 (plant opcrator)
= 18 - 20 segistered / shift

The requirement of washing plant is discussed later in the section 7.3.

7.2, Southwest Malibau Area

7.2.1. Basic ConSideration _

(1) General Situation

The area is situated at the western parl of the whole study arca and accessible by main
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logging road at a distance of 75 km from Katabakan, where saw mills and facilities for
timber loading into barges are in operation. The proposed mine site is located at a dislance
of about 8 km away from the main road along a track of old logging road which is passable

only on foot.

The area is a steep mountain land with the altitude ranging from 550 m to 850 m above sca
level, which is 250 m to 550 m higher than the level of main logging road. Logging
operation was finished seveeal years ago and the sutface is covered by secondary jungle at
preseat. Several tributaries of Kuamut river form stecp valleys and flow {or the most part

toward the southwest,
(2) Mineable Coal Seams and Mining Area

As previously stated in the seclion 4.2, a total of 11 coal seams exist in the area and they
are divided into six groups, namely, SA to SF ftom the boltom to the top. Although the coal
scams are generally thicker than other arcas, they show variable thickness and occur in

different parts of the area with various extenl of continuity.

Among these coal seams, SEI and SE2 Seams in the western part and SB1 Seam in the
middle-castern part have been sclected as the mineable coal seams for the present mining
study from the view points of thickness and extent of continuity. Other coal scams are
thinner than minimum mining thickness (1.2 m) or have short distance of continuity in spite

of enough thickness.
Thickness and exlent of these three mineable seams is as follows :

‘Table 7.6  Mineahle Coal Seams

Area West West East
Coal Seam SE2 SEL SBl
‘Thickness : min.- max. {m) 1.20 - 2.01 105-486 | 1.10-523
Extent of Mineable Thickness {m) 900 1,700 1,400

As a result of the selection of mineablc ceal seams as above, mining arca is separated into

two arcas, namely, weslern arca for SEI and SE2 Seams and eastern arca for SB1 Scam.
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(3) Recoverable Reserves

Recoverable reserves have been estimated according to the mine plan to be explained in the
next section. Reserve calculation was made on raw ceal basis in cach panel and roadway
using the following formula :

Recoverable reserves (1) = miniag area (117) X mining thickness {m) x specific

gravity x recovery factor (%)
Values applied to the parameters in the above formula are as follows :

(a) Mining area
In-seam roadway : 3.2 m x distancc of roadway
(3.2 m - length of coal seam in roadway face with 3 m height)
Mining panel : 50 m x length of panel

(50 m - distance along coal scam between upper and lower roadways)

Coal barriers of 15 m between upper and lower panels arc not included in the reserves.
The lowest level of mining arca is 310 m in vertical distance [rom the uppermost

roadway.

(b) Mining thickness
Maximum mining (hickness was determined at 2.4 m in the present study. For reserve
calculation, average thickness of outcrops of cach seam cxposed in the mining arca was
used, by applying the upper limit of 2.4 m to the outcrops thicker than 2.4 m. Average

mining thickness of cach coal scam is as follows :

‘Table 7-7  Average Mining Thickness

Coal seam - SE2 SEl $ni
Numbcr of outcrops 9 : 11 6
“Total thickness (m} 14.65 i8.81 11.20
Average thickness (m) 1.63 1.71 187
Thickness used in calculation(in) 1.60 1.70 1.90




¢) Recovery factor : mining pancl - 95%, roadway - 100%
bj y

(<) Specific gravity : 1.4 {raw coal}

Table 7-8 shows the summary of recoverable reserves estimated according to the above

criteria, Details of reserves in each level and panet are shown in Table 7-9, G
Table 7-8  Sunmumary of Recoverable Reserves

Coal Seam Mining (1) Roadway (t) Total (1)

SE2 356,200 62,400 418,600

SElL 589,000 93,600 682,600

Subtotat 945,200 156,000 1,101,200

SB1 605,900 105,500 711,400

Total 1,551,100 261,500 1,812,600

7.2.2. Mine Design and Mining Method

(1) Basic 1dca of Mine Design

As stated previously, mining arca is separated into two areas, namely, SIB1 Seam in the cast
(East Pit) and SE1 and SE2 Seams in the west (West Pit). Accordingly, different system of
mine access is required in each pil. However, the following basic idea of mine design is

common to both pil.

(2) Verlical length of a mining panel is 50 m and 15 m of coal barrier is left unmined

between upper and lower panels.

(b) Five levels of mining panels are planned in each pit at intervals of 15 m coal barriers. %

The elevation of top and bottom of mining panels are as follows :

West Pit East Pit
Top level (im) : 680 700
Bottom level (n) : 370 390
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Table 7-9 Detail of Recoverable Reserves of Southwest Malibau

Mining Roadway
road lengtf arca working T|Reserves Length |Reserves| Total
(m) (m2) (m) (t) {rn} t
East Pit
No.i 350] 71000 ig 530671 1350 | {ia15
No.2 Wast 340] 17000 1.9 42,959
No.2 East 5250 26.250 19 66334] 2200 | 18998
E [No.3 West 520 26000 19 65.702
S [No.3 East 670] 33500 1.9 gaess| 010 2133
v [Nod West 665] 33250 1.9 84.023
9 [Nod East 445] 22250 19 56226] 2000 | 23800
No.5 West 385 44.250 19 111,820
No East 325] 16,250 1.9 1064 2800 23800
Raise(9x100m) 900 5,742
East Pit Sub-total 605.850] 12,635 | 105490 | 711,340
West Pit
Nod 610] 30500 i7 68.961] 1558 11,841
No.2 46| 42300 13 95.6400 1877 | 14.266
e [No3 1.045] 52250 1.7 1181371 2289 | 17.39
5 fNod West 232 11,600 17 56,208
2 INod Middle 382] 19,100 1.7 a3185]  a316| 25201
o [NO4 East 735 36,750 17 53.099
9 {Nob West 228] 11,400 1.7 25.715
Nob Middle 562 28.100 17 63534 3273| 24815
] Nob East 570] 23500 17 64.439
& Raise{9x100m) 900 5,148
Sub-total s588.901] 12313| 93579 682570
No.i 364] 18,200 6 38.730] 10521 7.574
No.2 604] 30200 16 54.266] 1550 | 11.160
. [Ne3 792] 39,600 16 84.960] 17862 12830
E [No4 West 3860 19,300 16 41,070
S [NOA East 414] 20700 16] 44050 896 | 13.801
& [No5 West 560] 28,000 16 59,584
(TR} ) B
® [Nob East 298] 11,400 16 ga25g) 1876 13507
Raisel7x100m) 7003710
Sub—total | a56.228]  8856] 62432] 418660
West Pit Sub-total 9d5.218] 21.168] 156011]1.101.230
Mine Total 1551.068] 33s04] 2615011812570

*Note S.G.= 14 Recovery Factor= 095
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(c) As far as the topographic condition permits, in-scam roadways at higher levels are
opencd by means of adits from coal exposures, after removing overburden and coal
scam {0 a necessary extent for making a flat ground. In the West Pit, five adits are
opened in SE2 Seam and three adits are opened in SEEL Seam. Lower two levels of SEI
Scam arc not opened on the surface but connected to SE2 with underground crosscuts.
In the East Pit, only the top level is opened in this way. Coal reserves decper than the

lowest adit level are developed by means of rock slopes and cross cuts,
General layout of East an West Pit is shown in Figure 7-2.
(2) East Pit (SB1 Scam)
Figure 7-3-1 shows a mining plan of the East Pit of Southwest Malibau Mine.
Among ten in-scam roadways necessary to prepare the mining panels at five levels, only the
top level (70¢ mt) is opcacd from the surface. Other roadways are connected with rock

slopes through crosscuts.

Two slopes are constructed on the floor side (or northeastern side) of SB1 Seam al an

inclination of 16 degrees and nearly parallel to the strike direction of the seam. One is used

for intake of air and transporlation of coal, workers and material, while the other is used
mainty for exhaust of air. Portals of intake and exhaust slopes are located at 655 m and 650
m in elevation respectively, which are high enough for preventing flooding of river water.

A total length of each slope is 961.4 m for intake slope and 761.9 m for exhaust stope.

From inlake slope, crosscuts aic driven to the coal scam at following nine levels : 650, 635,

585, 570, 520, 505, 455, 440 and 390 meter levels (ml). From exhaust slope, four crosscuts

arc driven which are connected to the upper roadways of each mining panel. A total

distance of the crosscuts is 1,888 m.
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