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7. APPENDICES

Appendix A: Quarries site locations in Western Provincial map
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Appendix B: Quarries selected for the research and collected data

Quarry no 01: This quarry is situated at Leenawaththa, Padukka area in Colombo

district and currently been mined as an active metal quarry. Garnet content of the
quarry metal is comparatively high. Figure 7.1 shows view of the front working face

of the quarry.

Figure 7.1: Front working face view of Quarry no 01

Explosive usage and drilling geometry data of quarry no 01 from January 2016 to

July 2016; for consecutive 07 months are tabulated in the table 7.1 below.

Table 7.1: Explosive consumption and drilling geometry data for Quarry No 01

Explosives Spacing Burden
Month Water-gel (Kg) ANFO (m) m) Blasted depth (m)
(Kg)
January 45.31 304.8 1.3 11 1557.27
February 72.25 476.2 1.3 11 2612.61
March 26.50 173.7 1.3 1.1 900.90
April 27.37 190.0 1.3 11 1033.89
May 16.37 122.7 1.3 1.1 561.99
June 90.75 695.5 1.3 1.1 3166.02
July 39.875 270.0 1.3 1.1 1432.86
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Field data collected at the quarry no 01 which were used to calculate Rock Mass

Rating (RMR) relevant to the site are tabulated in the table no 7.2 below.

Table 7.2: Field data sheet for RMR calculation in Quarry No 01

Quarry 01

Location 01

Location 02

Location 03

Strength of intact rock
(UCs)

50 — 100 Mpa

50 — 100 Mpa

50 — 100 Mpa

Drill core Quality (RQD)

50% - 75%

50% - 75%

50% - 75%

Spacing of >2m >2m >2m

discontinuities

Condition Of Discontinuities

Discontinuity length 10-20m 1-3m 10-20m
Separation <0.1 mm None 0.1-1.0mm
Roughness Rough Rough Rough

Infilling Hard Filling <5 mm | Hard Filling <5 mm Hard Filling >5 mm
Weathering Slightly Weathered | Slightly Weathered Slightly Weathered

Ground water condition

Damp

Damp

Damp

Effect of discontinuity
strike and dip orientation
in Excavation (Very

favorable, favorable,

unfavorable, etc...)

Strike perpendicular
to blasting axis
Drive against Dip
20° - 45°

Unfavorable

Strike perpendicular to
blasting axis

Drive against Dip 20° -
45°

Unfavorable

Strike perpendicular
to blasting axis

Drive against Dip 20°
- 45°

Unfavorable
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Quarry no 02: Charnokitic rock is been mine in this quarry which is situated in

Kaduwela area. The rocks encountered in and around the project area are granitic
gneiss, charnockitic biotite gneiss and quartz. This quarry has recorded proper
Aggregate Impact Value for the road projects. Access ramp and side view of the

quarry is shown in the figure 7.2 below.

Figure 7.2: Access ramp and side view of the quarry no 02

Explosive usage and drilling geometry data of quarry no 02 from January 2016 to

March 2016; for consecutive 03 months are tabulated in the table 7.3 below.

Table 7.3: Explosive consumption and drilling geometry data for Quarry No 02

Explosives Spacing Burden
Month Water-gel (Kg) ANFO (m) m) Blasted depth (m)
(Kg)
January 172.00 1670.0 15 1.2 4506.94
February 112.99 895.0 15 12 2925.41
March 162.83 1816.0 15 1.2 4799.87
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Field data collected at the quarry no 02which were used to calculate Rock Mass

Rating (RMR) relevant to the site is tabulated in the table no 7.4 below.

Table 7.4: Field data sheet for RMR calculation in Quarry No 02

Quarry 02

Location 01

Location 02

Location 03

Strength of intact rock
(UCs)

50 - 100 MPa

50 - 100 MPa

50 - 100 MPa

Drill core Quality (RQD)

90% - 100%

50% - 75%

75% - 90%

Spacing of discontinuities | 0.6m - 2m 0.6m -2m 0.6m -2m
Condition Of Discontinuities

Discontinuity length 10m - 20m 10m - 20m 10m - 20m
Separation <0.1m <0.1lm <0.1lm

Roughness Slightly Rough Slightly Rough Slightly Rough
Infilling Hard Filling<5mm Hard Filling<5mm Hard Filling<5mm
Weathering Slightly Weathered Slightly Weathered Slightly Weathered

Ground water condition

Completely Dry

Completely Dry

Completely Dry

Effect of discontinuity
strike and dip orientation
in Excavation (Very

favorable, favorable,

unfavorable, etc...)

Strike parallel to
blasting axis
Dip 20°- 45°
Fair

Strike parallel to
blasting axis
Dip 20°- 45°
Fair

Strike parallel to
blasting axis
Dip 20°- 45°
Fair
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Quarry no 03: This quarry is situated in a private land in Hanwella area in Colombo
district. Surrounded are is highly populated and blasting activities carried out with

utmost care, Part of the access ramp and working benches of the quarry no 03 can be

seen in the figure 7.3 below.

Figure 7.3: Part of the access ramp and working benches of the quarry no 03

Explosive usage and drilling geometry data of quarry no 03 from January 2016 to
May 2016; for consecutive 05 months are tabulated in the table 7.5 below.

Table 7.5: Explosive consumption and drilling geometry data for Quarry No 03

Explosives Spacing Burden
Month Water-gel (Kg) ANFO (m) (m) Blasted depth (m)
(Kg)
January 219.00 4420.0 1.8 1.7 7032.00
February 205.00 4201.0 1.8 1.7 6696.00
March 168.00 3887.0 1.8 1.7 6744.00
April 248.00 4515.0 1.8 17 7874.00
May 140.00 2891.0 1.8 1.7 5004.00
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Field data collected at the quarry no 03 which were used to calculate Rock Mass

Rating (RMR) relevant to the site are tabulated in the table no 7.6 below.

Table 7.6: Field data sheet for RMR calculation in Quarry No 03

Quarry 03

Location 01

Location 02

Location 03

Strength of intact rock
(UCs)

50 - 100 MPa

50 —100 MPa

50 - 100 MPa

Drill core Quality (RQD)

75% - 90%

75% - 90%

75% - 90%

Spacing of discontinuities | 0.6 —2m 06-2m 06-2m

Condition Of Discontinuities

Discontinuity length 3-10m 3-10m 3-10m

Separation 0.1-1mm 0.1-1mm 0.1-1mm
Roughness Rough Rough Rough

Infilling Hard Filling <5 mm Hard Filling <5 mm Hard Filling <5 mm
Weathering Slightly Weathered Slightly Weathered Slightly Weathered

Ground water condition

Completely Dry

Completely Dry

Completely Dry

Effect of discontinuity
strike and dip orientation
in Excavation (Very

favorable, favorable,

unfavorable, etc...)

Strike perpendicular
to blasting axis
Drive with Dip 45° -
90°

Very Favorable

Strike perpendicular
to blasting axis
Drive with Dip 45° -
90°

Very Favorable

Strike perpendicular
to blasting axis
Drive with Dip 45° -
90°

Very Favorable
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Quarry no 04: Quarry no 04 is situated in Meepe area of the Colombo district.

Quarry metal found in this quarry has high garnet content it recorded higher UCS
and TS values but low Al values. Overall rock mass shows higher stability hence
recorded RMR is comparatively high. Quarry metal loading point and ramp to the

upper bench of the quarry no 04 is shown in the figure 7.4 below.

Figure 7.4: View of quarry metal loading point and a ramp of quarry no 04

Explosive usage and drilling geometry data of quarry no 04 from January 2016 to

June 2016; for consecutive 06 months are tabulated in the table 7.7 below.

Table 7.7: Explosive consumption and drilling geometry data for Quarry No 04

Explosives Spacing Burden
Month Water-gel (Kg) ANEO (m) (m) Blasted depth (m)
(Kg)
January 2,348.00 229.50 1.8 1.7 2865.26
February 2,521.25 226.50 18 1.7 2895.03
March 1,935.50 246.00 1.8 1.7 2627.98
April 2,886.00 267.13 1.8 1.7 3410.05
May 1,264.00 118.88 1.8 1.7 1521.07
June 2,544.50 222.00 1.8 1.7 2956.59
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Field data collected at the quarry no 04 which were used to calculate Rock Mass

Rating (RMR) relevant to the site are tabulated in the table no 7.8 below.

Table 7.8: Field data sheet for RMR calculation in Quarry No 04

Quarry 04

Location 01

Location 02

Location 03

Strength of intact rock
(UCs)

100 — 250 MPa

100 — 250 MPa

100 — 250 MPa

Drill core Quality (RQD)

75% - 90%

75% - 90%

50% - 75%

Spacing of discontinuities | >2m >2m >2m
Condition Of Discontinuities

Discontinuity length 10 - 20m 3-10m 3-10m
Separation 0.1-1m 0.1-1m 0.1-1m
Roughness Rough Rough Rough
Infilling None None None
Weathering Slightly Weathered Un weathered Un weathered

Ground water condition

Wet

Wet

Wet

Effect of discontinuity
strike and dip orientation in
Excavation (Very

favorable, favorable,

unfavorable, etc...)

Strike parallel to
blasting axis
Dip 20° - 45°
Fair

Strike parallel to
blasting axis
Dip 20° - 45°
Fair

Strike parallel to
blasting axis
Dip 20° - 45°
Fair
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Quarry no 05: Quarry no 05 is situated in Kaduwela area of the Colombo district. It
recorded comparatively higher RMR value because of low joint intensity in the rock
mass. Quarry has excavated below surface level and a reserve to be excavated is
comparatively poor. Current blasting face of the quarry no 05 is shown in the figure
7.5 below.

Figure 7.5: View of current blasting face of quarry no 05

Explosive usage and drilling geometry data of quarry no 05 from January 2016 to

May 2016; for consecutive 05 months are tabulated in the table 7.9 below.

Table 7.9: Explosive consumption and drilling geometry data for Quarry No 05

Explosives Spacing
Month Water-gel (Kg) ANFO (m) Burden(m) Blasted depth (m)
(Kg)
January 234.00 2700.0 1.8 15 5107.20
February 253.50 2875.0 1.8 15 5635.50
March 182.00 2100.0 1.8 15 4074.78
April 214.50 2475.0 1.8 15 4733.85
May 247.00 2850.0 1.8 15 5396.84
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Field data collected at the quarry no 05 which were used to calculate Rock Mass
Rating (RMR) relevant to the site are tabulated in the table no 7.10 below.

Table 7.10: Field data sheet for RMR calculation in Quarry No 05

Quarry 05

Location 01

Location 02

Location 03

Strength of intact rock
(UCs)

100 - 250 Mpa

100 - 250 Mpa

100 - 250 Mpa

Drill core Quality (RQD)

50% - 75%

50% - 75%

50% - 75%

Spacing of discontinuities 0.6 - 2m 0.6 -2m 0.6 -2m

Condition Of Discontinuities

Discontinuity length 10 - 20m 10-20m 10-20m
Separation 1-5mm 1-5mm 1-5mm

Roughness Rough Rough Rough

Infilling Hard filling <5 mm | Hard filling <5 mm | Hard filling <5 mm
Weathering Slightly weathered Slightly weathered Slightly weathered

Ground water condition

Dripping

Wet

Wet

Effect of discontinuity
strike and dip orientation in
Excavation (Very
favorable, favorable,

unfavorable, etc...)

Strike perpendicular
to blasting axis
Drive with Dip 45° -
90°

Very Favorable

Strike perpendicular
to blasting axis
Drive with Dip 45° -
90°

Very Favorable

Strike perpendicular
to blasting axis
Drive with Dip 45° -
90°

Very Favorable
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Quarry no 06: Aggregate Impact Value of metal in this quarry is marginal for road
construction projects. The quarry is situated in the Homagama area in the Colombo

district. Partially excavated cliff of the quarry is shown in the Figure 7.6 below.

Figure 7.6: View of partially excavated cliff of the quarry no 06

Explosive usage and drilling geometry data of quarry no 06 from January 2016 to

July 2016; for consecutive 07 months are tabulated in the table 7.11 below.

Table 7.11: Explosive usage and drilling geometry data for Quarry No 06

Explosives Spacing Burden
Month Water-gel (Kg) ANFO (m) (m) Blasted depth (m)
(Kg)
January 27.00 550.0 2.13 2.05 660.00
February 27.34 654.0 2.13 2.05 767.20
March 29.38 655.4 2.13 2.05 791.00
April 23.14 525.1 2.13 2.05 623.00
May 25.48 563.5 2.13 2.05 686.00
June 30.16 690.2 2.13 2.05 812.00
July 20.28 455.3 2.13 2.05 468.00
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Field data collected at the quarry no 06 which were used to calculate Rock Mass
Rating (RMR) relevant to the site are tabulated in the table no 7.12 below.

Table 7.12: Field data sheet for RMR calculation in Quarry No 06

Quarry 06

Location 01

Location 02

Location 03

Strength of intact rock
(UCs)

50 —100 MPa

50 - 100 MPa

50 - 100 MPa

Drill core Quality (RQD)

50% - 75%

50% - 75%

50% - 75%

Spacing of discontinuities | 0.6 -2 m 06-2m 06-2m

Condition Of Discontinuities

Discontinuity length >20m >20 m 10-20m
Separation < 0.1 mm <0.1 mm <0.1 mm
Roughness Rough Rough Rough

Infilling Hard Filling <5 mm | Hard Filling <5 mm | Hard Filling <5 mm
Weathering Slightly Weathered Slightly Weathered Slightly Weathered

Ground water condition

Wet

Dripping

Dripping

Effect of discontinuity
strike and dip orientation
in Excavation (Very

favorable, favorable,

unfavorable, etc...)

Strike parallel to the
blasting axis
Dip 45° - 90°

Very unfavorable

Strike parallel to the
blasting axis
Dip 45° - 90°

Very unfavorable

Strike parallel to the
blasting axis
Dip 45° - 90°

Very unfavorable
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Quarry no 07: Metal samples obtained from quarry no 07 contain comparatively

higher amounts of quartz. It is situated in the Kaduwela area of the Colombo district.

Single high bench in the operating quarry face is shown in the figure 7.7 below.

Figure 7.7: View of Single high bench in the operating face of quarry no 07

Explosive usage and drilling geometry data of quarry no 07 from January 2016 to

June 2016; for consecutive 06 months are tabulated in the table 7.13 below.

Table 7.13: Explosive usage and drilling geometry data for Quarry No 07

Explosives ]
Spacing Burden Blasted depth
Month ANFO
Water-gel (Kg) (m) (m) (m)
(Kg)
January 367.50 1470.0 1.3 11 7056.78
February 253.50 1012.0 1.3 11 4858.90
March 60.00 240.0 1.3 11 1152.00
April 120.00 480.0 1.3 11 2304.00
May 225.00 900.0 1.3 11 4320.00
June 195.00 780.0 1.3 11 3744.00
July 180.00 720.0 1.3 11 3456.00

81



Field data collected at the quarry no 07 which were used to calculate Rock Mass
Rating (RMR) relevant to the site are tabulated in the table no 7.14 below.

Table 7.14: Field data sheet for RMR calculation in Quarry No 07

Quarry 07

Location 01

Location 02

Location 03

Strength of intact rock
(UCs)

25 -50 MPa

25 -50 MPa

25 -50 MPa

Drill core Quality (RQD)

75% - 90%

75% - 90%

75% - 90%

Spacing of discontinuities >2m >2m >2m
Condition Of Discontinuities

Discontinuity length 10m - 20m 10m - 20m 10m - 20m
Separation Imm—5mm <0.1mm <0.1mm
Roughness Rough Rough Rough

Infilling Soft Filling <Gmm Hard Filling>5mm Hard Filling>5mm
Weathering Slightly Weathered | Slightly Weathered Slightly Weathered

Ground water condition

Completely Dry

Completely Dry

Completely Dry

Effect of discontinuity
strike and dip orientation
in Excavation (Very

favorable, favorable,

unfavorable, etc...)

Strike parallel to
blasting axis
Dip 20°- 45°
Fair

Strike parallel to
blasting axis
Dip 20°- 45°
Fair

Strike parallel to
blasting axis
Dip 20°- 45°
Fair
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Quarry no 08: This Quarry has high quality rock with low quartz content and

situated in Homagama area. Though the site has high metal reserve capacity, mining
activities already carried out below surface level hence cost of production is
comparatively high. Figure 7.8 shows the front view of the quarry face currently

been mined.

Figure 7.8: Front view of the location currently been mined at quarry no 08

Explosive usage and drilling geometry data of quarry no 08 from January 2016 to

July 2016; for consecutive 07 months are tabulated in the table 7.15 below.

Table 7.15: Explosive usage and drilling geometry data of Quarry no 08

Explosives .
Month ANFO Spacing Burden(m) Blasted depth (m)

Water-gel (Kg) (m)

(Kg)

January 275.00 2091.0 15 1.2 5056.52
February 100.00 610.0 15 1.2 1592.72
March 77.00 645.0 15 12 1487.05
April 34.00 350.0 15 1.2 755.15
May 231.00 1935.0 15 1.2 4461.15
June 300.00 1830.0 15 1.2 4778.16
July 462.00 3870.0 15 1.2 8922.30
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Field data collected at the quarry no 08 which were used to calculate Rock Mass

Rating (RMR) relevant to the site are tabulated in the table no 7.16 below.

Table 7.16: Field data sheet for RMR calculation in Quarry No 08

Quarry 08

Location 01

Location 02

Location 03

Strength of intact rock
(UCs)

50 — 100 MPa

50 - 100 MPa

50 - 100 MPa

Drill core Quality (RQD)

75% - 90%

75% - 90%

75% - 90%

Spacing of 0.6m —2m 0.6m —2m 0.6m —2m
discontinuities

Condition Of Discontinuities

Discontinuity length 10m —20m 10m - 20m 10m —20m
Separation <0.1 mm <0.1 mm <0.1 mm
Roughness Rough Rough Rough

Infilling Hard Filling < 5mm Hard Filling < 5mm Hard Filling < 5mm
Weathering Un weathered Un weathered Un weathered

Ground water condition

Damp

Damp

Damp

Effect of discontinuity
strike and dip orientation
in Excavation (Very
favorable, favorable,

unfavorable, etc...)

Strike parallel to
blasting axis
Dip 20°- 45°
Fair

Strike parallel to
blasting axis
Dip 20°- 45°
Fair

Strike parallel to
blasting axis
Dip 20°- 45°
Fair
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Appendix C: GSMB Mining licensing process

Geological Survey and Mines Bureau (GSMB) is the Sri Lankan regulatory authority
responsible for all mining related activities in the entire country. Ultimate
responsibility of the GSMB is to achieve a balance between mineral resources
requirement for the development activities in the country and socio-environmental

well being.

GSMB is authorized to issue variety of licenses such as exploration licenses, mining
licenses, trading licenses, transport licenses as well as export permits. Classification
of mining licences currently been issued by the GSMB is shown in the Figure 7.9

below.
Mining Licenses
IML (Industrial Mining Licenses) AML (Artisanal Mining Licenses)
IML-A || IML-B IML-C AML -A AML- B

Figure 7.9: License categories

Industrial Mining License Category (IML)
Category “A” (IML — A)

In IML-A category, multi bore holes blasting is allowed using delay elements. The
depth of bore holes can be more than 3.0 meters. However, bore hole depth is
decided by Central Environmental Authority and GSMB after conducting a test blast.

The production volume can be more than 1500 cubic meters per month. In this
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category mining license, mine machineries such as track drills, jack hammers, rock

breakers, front end loaders and other machinery can be used.
Category “B” (IML - B)

This industrial mining licenses category allows only single bore hole blasting
method. The depth of bore hole should not be less than 1.5 meters and should not be
more than 3.0 meters. The production volume allows is not less than 600 cubic
meters and not more than 1500 cubic meter per month. Only Jack hammers,

excavator machinery are allowed using in this category.

Category “C” (IML — C)

Industrial Mining License “C” category license allows only single shot hole method.
The depth of bore hole should be less than 1.5 meters and the production volume
should be less than 600 cubic meters per month. Only jack hammers are allowed to

use for mining activities.

Artisanal Mining License (AML) Category
Category “A” (AML — A)

This category licenses permits depth of bore holes less than 1.5 meters. The
production volumes should not be less than 100 cubic meters and should not be more
than 600 cubic meters per month. Under the Artisanal Mining Licenses, machinery

cannot be used.

Category “B” (AML — B)

Artisanal Mining Licenses “B” category licenses permits bore hole depth less than
1.5 meters. The production volume should not be exceeding 100 cubic meters per
month. Depth of excavation should not exceed 2 meters and machinery can not to be
used for mining operations (Minister, 1993).
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