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Environmental Mitigation Cost for Mining Road Construction in
Indonesia According to IFC Standard Compliances

By Arif Permana, CCP

ABSTRACT

Project and its environment are connected each other, including for mining activities that
require land clearing for support facilities area such as access road. For minimizing negative
impact from project activities to the environment, it is required regulation from government
and financial institution that obligate integration between planning mitigation for
environment which refers to available standard compliances with project plan. In this paper
the Author described the application of environmental compliance standard published by IFC
using project case study for mining road in Indonesia. Cost associated for environment
mitigation based on IFC standard compliance presented in estimation process following GAO
steps process for order of magnitude comparison with available database.

Keywords: environmental, IFC standard compliances, mining road construction project, dust
control, noise control, land use and erosion control, waste water impact and sediment control,
GAO cost estimation process, environmental mitigation cost

INTRODUCTION

In many countries, mining activities would affect the environment conditions in their vicinity
from exploration to exploitation stage such as land clearing activity for roads, camps,
processing plant and other facilities. This impact will have greater influence for forest
environment and can’t be avoided since mining industry will take places mostly on this area.
Road construction as one of mining key elements, damaging the forest since their location
will lies over in length of forest footprint following the design requirements. Good road
design will take into account this matter through the design process including additional cost
for mitigation as the consequences, in order to have a minimum impact for forest destruction
and the habitats'. Generally the cost for environmental mitigation is not anticipated in
common cost estimation process and put this cost as risk reserve. Therefore, it is very
difficult to find environment cost record whereas cost for road directly connected with the
environment?. For Indonesia as the third rank of tropical forest in the World, mining activities
either regulated or not regulated is one of operation industries that contribute to the forest
destruction® and required immediate action to prevent it from getting worst. One of
significant action identified for prevention, is regulating mining activities by rules as
mandatory condition, either by government (in this case the Indonesian Government) or by
financial institution such as the World Bank. The term from the Indonesian Government will
give any mining companies permit for land access and operation, while the World Bank
through their International Finance Corporation (IFC) standard requirements for the access to
investment capital. By using both strategies will encourage any mining companies apply
environmental standards in their project investment process.
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In this paper, the Author main target is giving brief description of IFC application in project
cost limited for mining road during construction stage, as small contribution to all effort for
problem solutions concerning mining and environmental problems. With project case study,
the Author will provide answers for two specific research questions as follows:

e What are the IFC standard compliances for mining road construction project
e How to calculate the cost of environmental mitigation for mining road construction
project following IFC standard compliances.

IFC Standard Compliances for Mining Road Project

Brief Description of IFC Standard Compliances

IFC is a member organization of the World Bank members that focuses on the private sector
for developing countries®. IFC was founded in 1956 and currently has 184 member states
including Indonesia with one main vision to ensure environmental sustainability.

IFC provides Environmental, Health and Safety (EHS) guidelines that can be easily accessed
on their website. There are general and specific EHS guidelines for several industries
including mining which contains EHS elements with performance indicators and monitoring
actions. Depending on the project conditions, local standards sometimes also used as
reference for consideration because generally IFC requirements are always higher than these
standards, which will affect the project cost (in this case standards published by the Ministry
of Environment Indonesia).

In order to establish mitigation actions, should be required the interpretation of some relevant
guidelines due to the limitation of specific document scope. For instance, scope of IFC
mining guideline only apply for specific mining works: underground mining, open pit
mining, alluvial mining and marine dredging except for quarry material extraction (IFC
provides specific document for quarry material extraction). This guideline does not apply for
ore processing plant facility or any other facilities required in the mining industry such as
mining road. Therefore the interpretation for mining road should be done with the
combination of IFC General EHS, Mining EHS and Toll Road EHS documents”.

IFC Standard Compliances for Mining Road Construction
Inside IFC Mining EHS document there are several environmental elements and sub elements

topic listed with their recommended practices, which also covered by General and Toll Road
EHS documents present in Table 1:
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Potential Environmental Elements Related with Mining

No Elements

1

Water Use and Quahty

Sub Elements
Water Use
Water Quality
Stommwates

Groundwater Resource Protection

Acid Rock Dramage and Metals Leaching

by Arif Permana

Wastes

Waste Rock Dumps

I'ailings

Waste Geochemical Characterization
General Non Hazardous Waste
Hazardous Waste
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{ Land Use and Biodiversity Terrestrial Habitais
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5 Aw Qualiy Dust

Gaseous Enussions

»
FUEE IR

Smelting and Roasting

Nosse and and Vibration

Energy Use

Visual Impact

Table 1 Mining Potential Environmental Elements®

Refer to these recommended practices, a set of mitigation actions can be formed with relevant
environmental element topics for road construction in project document such as General
Notes for execution guideline or Detail Information for engineering stage. Using these
General Notes as bid document reference shall assist contractor composed their mitigation
plan with the cost associated to client, and to be used further as contractor performance
indicator besides common progress performance.

Environmental elements related to the environmental aspects of mining road construction and
mitigation actions’ can be described as follows:

1. Element 1 Water Use and Quality
Sub Element 1.1 Water Use, 1.2 Water Quality and 1.3 Stormwater
» Objectives:

© 2017 Arif Permana

v

Efficient raw water consumption.

v Minimizing the negative impact of waste water or other waste

discharge to the environment.

» Mitigation Actions:

SNENENENEN

Install water recycling process system.

Install septic tank system with treatment process.

Install bund protection perimeter for fuel tanks.
Install oil or grease trap sumps with spill Kits.

Install temporary drainage system for stormwater (side ditches,

sand traps, sediment ponds).

» |IFC Requirements:
Present in Table 2 the effluent limit values from IFC
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Pollutants Value Remark
Total Suspended Sediment TSS 50 ma/litre Stormwater
Biological Oxygen Demand BOD 50 mgllitre Stormwater
BOD 30 mgllitre Sanitair waste water
Chemical Oxygen Demand coD 150 mg/litre Stormwater
CCD 125 maflitre Sanitair waste water
Total Phosphorus 2 maflitre
Coliform Bacteria 400 MPNAGO miitre Sanitair waste water
pH 6-9
Ol & Grease 10 magllitre

Table 2 IFC Effluent Limit Values®

Special attention reqgired for TSS limit value since this requirement is
quite challenging for temporary design system compare with
Indonesian requirement (100-200 mg/litre).

2. Element 2 Wastes
Sub Element 2.2 General Non Hazardous Waste & 2.3 Hazardous Waste
» Objective:
v' Minimizing the negative impact of wastes or litters to the
environment.
» Mitigation Actions:
v" Install waste bins with separation category.
v' Build centralized waste disposal area (litters and hazardous
waste).
v Assign licensed company for waste hazardous management and
disposal.
» IFC Requirement: no requirement

3. Element 4 Land Use and Biodiversity
Sub Element 4.1 Terrestrial Habitats & 4.2 Aquatic Habitats
» Obijective:

v" Minimizing the negative impact of land clearing to soil,

vegetation and fauna habitats.
» Mitigation Actions:

v’ Establish land clearing procedure as regulation. Deforestation
can be performed with client approval for working request in
advance and notification statement for immediate action with
refurbishment plan. Cutting trees using dozing method should
be minimized (more combination with hand chain saw
method). Tree logs and top soil must be stored separately in
dedicated area with proper maintenance plan. Burning method
is not allowed for forest clearance.

v" Perform slope management plan for road sections. Slope is
made with certain methods (safe slope angle, silt fence,
benching, mulch or geofabric material, slope net...etc) to
prevent soil erosion with drainage systems.

v" Revegetation effort can be discussed with contractor based on
project conditions.
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v If road section is located in a particular habitat, road design
should consider additional crossing structure for the fauna.

v" Design for temporary river crossing structure must consider
protection of river environment and must be submitted in
advance for client approval.

» IFC Requirement: no requirement

4. Element 5 Air Quality
Sub Element 5.1 Dust
» Objective:
v" Minimizing the negative impact of dust generated during
construction process.
» Mitigation Actions:
v Apply dust supression system (wetting down for road sections
and truck tyres, use of all weather surfaces for pavement).
v" Protect exposed soils and other erodible materials with mulch
or geofabric (especially for non traffic areas).
v' Install wind fences wherever appropriate.
v" As much as possible construction traffic should stay on defined
roads (stated in construction method of work).
» IFC Requirement:
No requirement from IFC. For consideration, Indonesian standard
requirement is max 10 mg/m3 (breathing dust) and 5 mg/m3
(inhalation dust) during eight hours dust measurement.

5. Element 6 Noise and Vibration (no sub elements)
» Obijective:
v Minimizing noise and vibration disturbance during construction
process.
» Mitigation Actions:
v Install proper sound barriers and/or noise contaminents with
enclosures and curtain close with source equipment.
v Install natural barriers at facility boundaries such as vegetation
curtains or soil berms.
v" When required blasting method, use as much as possible low
explosive blasting energy type.
v/ Traffic management (optimum or alternate route avoiding
community area and apply speed limit regulation).
» IFC Requirement:
IFC standard is 60 dBA for operation areas (process plants,
workshop...etc).

In following section will be described cost calculation process of mitigation actions using
project case study. Some unit costs taken from vendors proposal combined with existing unit
costs from previous projects implemented on site. These unit costs then multiply with bill of
quantity provided by design team and in the end change into percentage value for comparison
with other project references.
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Environmental Mitigation Cost Calculation for Project Case Study

Project Data

Case study selected for this paper is taken from one section of connection road to the
processing plant area. The sequence descriptions of project data present as follows®:

e Project Name Road to Processing Plant Section 2.
e Project Description Total road length is 1.973 km and 10 meter pavement
width divided into two lanes included shoulders.
e Project Duration Estimated duration is six months from contract award.
e Project Location Halmahera North Maluku, Indonesia.
,*- T LREN R e ST i
s e S

WEDA BAY

Figure 1 Road Section Layout™
e Environmental Mitigation Plan
Identified mitigation plan for this project is described in following sections:

v Dust Control
There are many methods available for dust control. The most common method
is watering road with short time coverage and others using salts or chemical
solutions (petroleum emulsions, surfactants, adhesives and polymers) with
longer period of coverage'!. Based on information provided by available
specialist for chemical solution?, average performance durations after
application for active traffic area are between 12-18 months with EPA
standard compliances equivalent with IFC requirement. Both methods had
been selected for this project with application time strategy (chemical solution
in advance and interval watering road during construction period), besides
control application to vehicles or trucks (speed limit regulation, cover load
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with tarpaulin, maintain distance between trucks and proper maintenance
plan). Temporary wind barrier fence from tarpaulin will be applied for top soil
stock pile with maintenance effort during construction period.

Figure 2 Example of Wind Barrier Fence®®

v Noise Control
Project location is in distance and separate with local village, therefore no
physical sound barrier required except control application for vehicles or
trucks same as mention before and make sure all trucks will pass the defined
construction road.

v" Waste Control
Litters from separate bins will be collected in centralized waste area except for
hazardous waste (should be handled by certified company).

v" Land Use and Erosion Control

No expected crossing structures for fauna or rivers since project area doesn’t
run through these critical areas. The implementation of forest clearance
management as explained above with slope management and open areas
protection are three important efforts for environmental control. For open
areas protection, the combination techniques using silt fence and mulching
(with grass or other local materials such as “nipah” roof) are the chosen
methods for this project.
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*Hipes® Roof for Blope Frotection

Grasang Techuipe

Figure 3 Methods for Open Areas Protection™

v' Waste Water Impact and Sediment Control
Mitigation plan for this section was divided into two sub sections:

e Installation oil sump unit for equipment workshop and bio septic tank unit
for utilities. Finally, for fuel tanks earth bund wall should be made
according to safety standards. The cost for these installations usually
included in general expenditure or preliminary items and not separately
charged as well as other work units.

e The concept of temporary drainage system is made with combination using
ditches and plastic membranes protection, rip rap transversal dike
structures, sand traps and sediment ponds. Plastic membranes lining
temporary ditches wall in order to prevent additional sediment volume
while transversal dikes and sand traps will reduce the rate of sediment
carried by water current. The remaining volume will be collected by
sediment ponds at the end of drainage network with periodic maintenance
and removal of sediment to be dumped in planned area.
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Temporary V Ditch with Plastic Membrane

Figure 4 Transversal Dike and Temporary V Ditch®

For sediment ponds, design team applied Stokes formula where the rate of deposition of
sediment grains modeled according gradation. This method gives more adequate result for
TSS requirement according to IFC, compared with common Universal Soil Loss Equation
(USLE) that only focus on the amount of sediment produced during certain period.

Typical diagram of a sedimentation pond

Figure 5 Sediment Pond Structure with Maintenance®®
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Cost Calculation

The process of calculating reliable mitigation cost estimate with respect to environmental
elements that have been described previously were performed according to process developed
by GAO as shown in following Figure 6:

Initiation and research Assessment Analysis Presentation
Your audience, what you Cost assessment steps are The confidence in the point or range Documentation and
are estimating, and why iterative and can be of the estimate is crucial to the presentaton make or
you are estimating it are accomplished in varying order decision maker break a cost estimating
of the utmost mportance or concurrently decision outcome
PEESENENon, 3nd UDAINg NS etimats Seps
€3N K230 10 FEPESING PrEvious 3SEEESMEnt SIEpE
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Figure 6 GAO Cost Estimation Process"’

As shown in Figure 6, there are 12 steps for estimation which can be adjusted depending on
project stage. The steps used for project case study are presented in Table 3 with remarks to
the steps that are not used.

Divisons Steps Description Proceed Remuarks
A Initiation and rescarch 1 Deline the estimate’s purpose Yes
2 Develop the estimating plan Yes
B Assessment 3 Define the program Yes
4 Determme the estimating structure Yes
5 Identify the ground rules and assumptions Yes
6 Obtain the data Yes
7 Develop the point estimate and compare it to Partial Except comparison to mdependent cost estimate
and independent cost estimate [no necessary required at this stage|
O Analysis 8 Conduct sensitivity Yes
9  Conduct a risk and uncertainty analysis Yes
10 Document the estimate Yes

D Presentation

Present estimate to management for approval

Update the estimate to reflect actual
costs/changes

No

No

Not vet as final result, will be updated in the next
stage

The project has not been in the implementation
stiage

Table 3 GAO Cost Estimation Process for Project Case Study®®

Calculation stages follow the process as described above will be explained in the following

sequences:

Estimation Purpose and Plan

The objective is developing cost estimation Class 3 according to AACE for budget
control as described in Figure 7 with plus minus 10 to 20% accuracy level. The output
from this simulation will provide the order of magnitude of mitigation cost for
financial budgeting process. Within reasonable time approved by management, the
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work will be carried out with support
responsible for this work package.

from design team and engineer who is

Primary o,
Characteristic Secondary Characteristic
EXPECTED | PREPARATION
EEVRL AN ACCURACY EFFORT
PROJECT END USAGE METHODOLOGY RANGE Tvbical P
| _ DERNITION | Typical purpose of | Typicaiestimating | .  RONCE | TYRes edree
ESTIMATE CLASS | Exprassed as % of estimate method rsmhiaimnrg st
complete definion low and high least cost ndex of
ranges [a] 1]
Capacity Faciored, |
- : 3 Parameiric Madels, | L -20% 10 -50%
Class § 0% 1o 2% Concept Screening Jodgnient, or e +30% fo +100% 1
Analogy
Equipment 4 :
Class 4 1% 10 15% Study or Feasibiidy Factored o .L_' *1;[’](\’ 'tn 3:;; 2104
Parametric Models it
Semi-Detailed Unit
Busdget ’
) Costs with L <10% 10 -20%
10% :
Class 3 0% to 40% A“"g;‘:::;n' o Assembly Level H. +10% 1o +30% 31010
Line Hems
. A Detailed Unit Cost s ~
Class 2 30% 10 70% e with Forced | o 210100 41020
Detailesd Take-Off o )
Detailesd Unit Cost . y
: Check Estimate or : : L -3%to-10%
Class 1 50% 10 100% B Tender with De:gl‘r{_-d Take- M. 43% to +15% 51a 100

Notes:

[a] The state of process technology and availability of applicable reference cost data affect the rangs markedly. The +/-
value represents typical percentage vanation of actual costs from the cost estimate after application of contingsncy
(typically at a 50% level of confidence) for given scope.

[b] If e range index value of 1" represents 0.005% of project costs, $hen an index value of 100 represents 0.5%.
Estimate praparation effort is highly dependent upon the size of the project and the quality of estimating data and tools.

Figure 7 AACE Cost Estimation Class 3 for Project Case Study™

e Estimation Outline
Relevant with previous technical descriptions, outline estimation will be divided into
four group cost center: dust control, noise control, land use and erosion control and
waste water impact & sediment control.

e Volumes and Unit Prices References
- Volumes of work taken from bill of quantity document produced by design
team.
- Unit Prices
There are two references for estimation:
a. Cost proposals provided by vendors®.
b. Resources or similar working prices that have been used for other
project within company operation on site?.

e Assumptions Used in the Estimation
- Negligible cost escalation factor for the planned project duration of less than
One year.
- Total cost not including Value at Tax (VAT) according to Indonesia
regulation.
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- Additional costs for risk analysis will be calculated separately.

- Maintenance cost factors are calculated by giving monthly presentations from
total construction cost of each cost center that will be used during operational
stage (larger maintenance cost is given to temporary drainage systems as the
final protection boundary to original environment condition) .

e Work Breakdown Structure (WBS)
Cost calculations will be performed for temporary work in addition to other
permanent works to meet the IFC requirements. These works are grouped into
environmental block with WBS structure breakdown until level 4 present in Figure 8.

ool

Mt ution

[ fonmeanal |

Land Clearing Sub base Side Datches Shpe Protections Dust Cantrol

Diust Supeesssoas

Wirsd Bamer Fence
Cut and Fill Base Crossing Culverts Cruard Ranls Nose Control
Subgrade preparation Sisface Crossmg Pipes Traffe Sgrs Waste Control

Noo Hamedows Wastes
Hazardoas Wastes
Shoulder Berms Land Use and Erosion

Conrol
Silt Fences
Temporary Slope
Frotections
Winste Water [mpact and
Sedmment Control

Creneral Protections
Tempeeary Drainage
Systems

Figure 8 Project Case Study Work Breakdown Structure®

e Detail Calculation
Present in Table 4 detailed calculation of costs for environmental mitigation with
taken assumptions. Unit prices and used factors of each work already breakdown into

detail of resources: material, labor, equipment and subcontractor based on references
that have been mentioned in previous steps.
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Unit Pricos [USD]

Amount [US0) Romars

Tnkan Cry Materal Labor Bquipment  Subront
1 Dust Control
1.1 Dus sumestion methods oo ]
111 Agplcaton chemcal soiuten for road 1973000 m2 180 23555.00 Estimated only 1 time in advance
112 Watering road:
= WWater vuck 5000 ire £00.00 unt-hours 274 14 84538 Indd fud & cperator
~  Locsl Isbor-anly 1200 man-hours 225 161834
12 Wad bavrier fénce X000 mt
121 Top soll stock ple area:
- Tapeuline covrs 1600 sheots 200
- Suppon peot and consumaties 20000 mi 200
= Lotal labor-instalaton B4 Man-nHours 225
Muirierancn wing torver fence 400 morehw hed 294710 from cormtruciion cosdl
2 Nowse Control
A-COS Inct i Mo of work stitagy
Sub total 2 0.00
3 Waste Control
F 1 Non hezasaus wasles anding Ao u
311 Pegect Yemporary fscies
«  Liser bans wth separated categaory 00 nos 200,00 1200.00
Local labor-wastes colechons & @sposal
T e operetion 240000 MAN-NUTs 225 539381
= Pk up 4x4 300 unt mont's 360825 10224 74 Incd Tusd & operalor
312 Cemrsized garbage cisposal wes
- Rotrtestyment contoiner 40 Mwith cancpy  1.00 urst 250000 2080000
- Opemafional dsposal area 500 morths 0000 20000 4 000.00
32 Hamarious waaes handivg 100 o
321 Progc wmponary fcifies
_ As=gnment to certfed or kcersad 100 5 100m 0 o0
* 00000 oo
- s o o SRS

Dsenption

Aot U

4 Land Use and Erosion Control

Subcom

41 Sk fences 520000 my
411 Cuaand fii area.
- Geowotio matona 52000 m 800 4160000
= Support podl 8nd corsumasties §52000 m 00 260000
- Loca Rbor-nstallation 7200 manhoars 228 150
412 Maktenanos sl Seross 300 months 1400 274200 Extmnled 29%me Fom confructon o
42 Temporavy skpe prolections 100 Ul
421 Guand B aren:
- "Npsh*roo 55000 m2 109 9,53000 Program for local community {CER]
- Grassng 1550000 m2 300 AE.500 00 Prograe for lozsl community [CSR]
- Eenching LE000  m2
Exzavator PC 200 120,00 unii-hours 85.00 12,350 00 Ihed Al & coeesier
A 20 Narbranns 2000 proechons 100 morths 123700 18 D ESmeied 295me rom consTucton oosl
sub o ST
5 Wasto Water Impact and Sediment
Control
51 Ganeml poteciions 100 N
511 Projed temporery faaibes:
- Bio sapic tanks ow bo acion media 20 20000 42000 Incd ingtainton
- Oltvaps 00 i 30000 50000 For equipment workshop area, Ind instatiation
- Eund wab for fuel storage Sank:
Tarpauing covers am shees 2800 1200
Granuiar tund wall 2600 m3 5000 1000 ape 151200
Excavator PC 200 a0 unithours .00 260.00 kvt fuel & cpenuior
Locs fsbor-ratalistion 1600 man-hours 2> kL 3
52  Temgorawy anage sysiens 190 »
&21 Sedment poncs:
- Excavation L7700 m3
Excavator PC 200 5 unikhours €5.00 S8T7.75 Incd fuel & ool
Loca bor-suppont 2400 ran-hours 225 53
Backfil 222500 m3
Excavator PC 200 17300 wnit-hours @00 11,570.00 Inct el & coemrior
Local lsbor-suppoct 1600 man-hours 22% LR
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Unit Prices JUSDY

Deoaription Amour {USD) Romark
Matorisd Lnbos Equipmet  Bubcont
Rodk fp rap 12700 m3
Excavaior PC 200 635 unit-hours 6500 41275 Ind Susd & opersior
Gouad rock lines [rock dyves| M0 md 170 1,448 0D Progmm for focs community [CSR)
Surface Inng 376 00 m2
Tapaubne covers 6.00 oets 200 16800
Local laborunstalistion 200 manhours 22 RES- 4
8% MEntennree setrect 0 41 monihe " 114 D Estmpted Y% ma fom constructon oot
823 Smndtraps:
< Unksand raes 1ao0 nos A00 42500 Program for local community [CSR)
Excavaten: 2500 ma
Excavator PC 200 1258 unithours s500 841 75 Ind fusd & operaior
Local lahor-support 1600 man-hours 225 ELS )
Surace Aning 482.00 m2
Tarpadng covers 600 Fees #E00 168 00
Local laborinssabiation 200 man-hours 2% e
24 Manianancs sand rups 4 months & 00 154 0 Estmated 19N T PIEELCOON 0ost
525 Trwaweesal ddes
- Rock riprep 385,00 m3 il 45.045 00 Program for ioce community [CSRY)
526 Temporary Slenes: 565000 ™
- Excavaton 70625 md
Extavake PC 200 »BN unit-hours 6500 2.285.31 ind fusl & cpersior
Local b or-sppon S01.00 man-hours 225 113270
Sursce inng.
Tapautne covers S7.00 sheets 200 155800
Local lsbor-instabistion 162.00 man-hours 225 sy
! Mantenmnce lsmporary diiches 4. months o0 1,240 00 Estmated 1 5%/ma fam constrocton nost

st o s IS

Tolalt+2+3+4+5
Parcentage from construction cost

Notn:  Using factocioed original unit prices

Table 4 Environmental Mitigation Cost for Project Case Study®

Percentage value of environmental mitigation cost from this simulation is 3.13% from
total estimated cost. This percentage will be used as basic reference to produce more
detailed estimation for bidding process.

e Sensitivity Analysis
GAO process also required sensitivity analysis in order to assess the important
element composing cost estimate. The Author produces sensitivity analysis with
spider plot* for project case study present in following Table 5 and Figure 9:

Descriptions Cost [USD]

1 Dust Control - Dust Supressions 46,059.00
- Wind Bammer Fences 2,063.00
Non Hazardous & Hazardous
2 Waste Control " \Wastes Handling 33919.00
Land Use and )
3 Erosion Control - Silt Fences 48 452.00
- Temporary Siope Protections 6821100
Waste Impact and
4 Sediment C - General Protectons 2920.00
- Sediment Ponds 3589600
. Sand Traps 2,627.00
- Transversal Dykes 45,045 00
- Temporary Ditches 864200

Total 293,834.00
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Non Hazardous
Dust Wind Barnor & Hazardoos
Supressions Fences Wastes
Handling

Temparary
St Fences Siopea
Protections

Goneral Sodimant Transverss! Tomporary
Sand Traps

Protctans Ponds Dyhes Ditches

28001527 213692 203 857 26 27823714 273,280 52 20266883 253 053 93 200 044 83 280,3156.32 261 240 35
/231819 IWBANTO7 285,353 18 /171975 276,780 07 203,102 83 254 358 74 26317616 282,571 87 267243

28882112 263,420 22 287,045 11 25614237 280,150 62 203,242.83 286 553 58 293,307 49 284,823 82 292104 5

256 924 04 20352337 288 745 4 255 554 98 283 60117 263,364 83 285 424 37 263 438 83 287 078.07 262 535 58
239,228 97 250,626 52 200,440 56 288 987 59 287.09172 203,540 82 2024319 293,570 16 280.228.32 29295595

201,526 8% W67 202,136 80 410 29042227 203 856 82 20203300 263,701 49 201 58057 295 400 74
233.532.82 266,832 52 293,832.62 23383282 263,832 82 233,832.82 283532 82 203,835282 23383282 28353282
20513578 263 £35.97 28552875 205255 42 20724337 233978 82 285627 84 263,684.15 20508507 204 23490
20643567 264,069 12 207 224,68 23897805 300,655 92 28412482 207 422 45 204,065.45 235,337 32 204 595 98
30074180 26414227 298,820.60 301,100 83 304,084 47 294,270 81 28821727 264, 226,81 320,553 57 2512908
300,044 52 204,245 42 MBI 53 0062327 30747502 284 14 84 M 01208 204 38815 302841 82 266,581 14
305,347 45 284,345 57 30231246 305,945 88 31085557 204,562 81 30250820 204, 450 45 305,064.07 2059932
307 65037 264 45172 304,008 38 308 586 50 314,266 12 264 70681 30480171 264, 620 81 307, 346.22 206542529

Table 5 Sensitivity Analysis-Raw Data and Simulation®

320,000.00
2 g s Dust Supressions
315000200 Sensitivity Analysis
Spider Plot
== WVind Barrier Fences
310,000.00 -
e~ HNon Hazardous &
Hazardous Wastes
30900000 Handling
e St Ferices
300,000.00 -
> w=Temporary Slope
Pratections
295,000.00
=~ Ganeral Protections
260,000.00
wteee Sodiment Ponds
285,000.00
s Sarvd Traps
22000000 +
Trarmversal Dykes
275,000.00 e Tamparary Dches
27000000 + - v - - - v . v - v v v
A% -25% 0% -15% -10% -5% [+ 5% 10% 15% A% 1% %

Figure 9 Sensitivity Analysis-Spider Plot*®

There are four major elements for mitigation cost based on spider plot: temporary
slope protections, silt fences, transversal dykes and dust control. It can be understood
that these elements have the greatest value in comparison with other elements that
determine cost changes for percentages between -30% to +30% in this simulation.

e Risk Analysis
Expected Monetary Value (EMV) of risk events calculated in this step are the costs
that probably incurred due to the failure of environmental mitigation system elements
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as part of project WBS as presented in Table 6 with the ranking. It can be seen that
temporary slope protections and drainage systems are the critical elements predicted
by design team that will be affected by the accuracy of existing rainfall data available
at the time of design process.

Apply dust supression system far

12 Wird barries tences » Dust still comes aut by strong wind 1340500 50.00% 920250 3 o0 surface of top sl
Not encugh lining of silt fences [egher un
41 Sittences - oft water voluma with debeis than 195800  3000% A0, 4, ELEUINGNe g, B0
onginaty astimated] hasatetbiod
Temporay siope Replace vetrer grass with wee net
42 erheds + Vetnver grass not growth as expectad 183,750.00 15.00% 28062 50 1 protactian, appeox S0% from
pratections 3
coigingl gty
Mot encugh sadiment ponds [regher run -
52 |CTPOMYUMNAIE . off water volume wih debis than 8329300  30.00% gaion; & 2 poEReRERmi
Y onginaly estimated]
. Rainfal ésta is not sceurate [higher run Add dedicated ranfall gauge for
off water valume than celginally estimated] 10,000.00 NH0% 3,000.00 v propect ocation
Total CERRER Y
Pe from cost 0.74%

Table 6 Risk Analysis for Environmental Mitigation Elements®’

Total percentage for mitigation cost of project case study as shown in Table 4 and 6 is 3.87%,
to be compared with a study taken in United States in year 2006 for road projects with
equivalent environmental requirements based on NEPA standard, because historical data for
environmental mitigation cost is not yet available in Indonesia (also limited in United States
as stated in the document). According to this study, the average mitigation cost percentage
was 4.4% for rural road project and 11.3% for urban or suburban road project from_29 project
sample areas taken from five different states?® as presented in Figure 10 with the value for

project case study.

® Mitigation Cast-Rural (%)
m Mitgation Cast-Usban & Suburben [%|

Environmental Mitigation Cost Record

X
% <
A
m ® ~
o ~
o
# 3
200% - ~ £
o R
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Figure 10 Environment Mitigation Costs Record®®
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Limitations of historical data record as mentioned above indicates that environmental
awareness for project activities is raised just recently. Green construction program in
Indonesia had just started in year 2008%° for general infrastructure but not yet as the center of
attention in mining industry. Until now, good mining practice in Indonesia still put the focus
more to post mining reclamation program instead for construction activities unless it is
required in advanced by financial institution as expressed before in introduction section (for
capital access purpose). Project management trend today should integrate project objectives
but also keep the environment safe for getting long term sustainability because it will provide
balance and harmonize between economic, environmental and social interests™".

(- =\
Return on investment:
Economic ‘ Financial Benefits, Net Present Value

Agility in Business:
Sustainability Flexibilty. adaptabiity to the envronment (Corp.)

(S

Project

Transport: Local suppliers, communications
Objectives

infrastructure, travel, transportation
Environmental » Energy: reduction, emissians, alternative
Sustainability sources

i Waste: Reduce, recycle, reuse, waste
management

Water: treated desalinated, rain, reuse
Process Impacts /

Decent labor practices: Safety, training, diversity

Social Human rights: Non discrimination,child labor
Support community: Law enforcement, data

Sustainability » s oA

N Ethical behavior: Anti-corruption and bribery.

\ 4

Figure 11 Integration Project Objectives and Process Impacts Checklist®?

The integration of project objectives and process impacts analysis using checklist for all
element through project lifecycle will be the key assurance of performing green project
management for this sustainability and for the benefit of the next generation.

Conclusion

In this paper, the ultimate target set by the Author is to provide answer for two specific
research questions as described in the introduction section. Based on results of project case
study, the Author has demonstrated the application of IFC standard compliances and
performed estimation cost following GAO process for environmental mitigation cost.

Further extension studies will be required in future using the same standard for upgrading the
limited database of environmental cost as guideline for project implementation including the
standard practice. It is important for having the environmental awareness through the
integration between project objectives with environmental aspect and the application of strict
regulation from government or financial institution for operation and financial access.
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