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Important note about your report 

The sole purpose of this report and the associated services performed by Jacobs New Zealand Limited 
(Jacobs) is to describe the Environmental and Social Impact Assessment (ESIA) for the Riau IPP Project, in 
accordance with the scope of services set out in the contract between Jacobs and the Client. That scope of 
services, as described in this report, was developed with the Client.  

In preparing this report, Jacobs has relied upon, and presumed accurate, any information (or confirmation of the 
absence thereof) provided by the Client and/or from other sources.  Except as otherwise stated in the report, 
Jacobs has not attempted to verify the accuracy or completeness of any such information. If the information is 
subsequently determined to be false, inaccurate or incomplete then it is possible that our observations and 
conclusions as expressed in this report may change. 

Jacobs derived the data in this report from information sourced from the Client (if any) and/or available in the 
public domain at the time or times outlined in this report.  The passage of time, manifestation of latent conditions 
or impacts of future events may require further examination of the project and subsequent data analysis, and re-
evaluation of the data, findings, observations and conclusions expressed in this report. Jacobs has prepared 
this report in accordance with the usual care and thoroughness of the consulting profession, for the sole 
purpose described above and by reference to applicable standards, guidelines, procedures and practices at the 
date of issue of this report. For the reasons outlined above, however, no other warranty or guarantee, whether 
expressed or implied, is made as to the data, observations and findings expressed in this report, to the extent 
permitted by law. 

This report should be read in full and no excerpts are to be taken as representative of the findings.  No 
responsibility is accepted by Jacobs for use of any part of this report in any other context. 

This report has been prepared on behalf of, and for the exclusive use of, Jacobs�s  �ien�� and is su�je�� �t� and
issued in accordance with, the provisions of the contract between Jacobs and the Client. Jacobs accepts no 
liability or responsibility whatsoever for, or in respect of, any use of, or reliance upon, this report by any third 
party. 
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Glossary  

Acronym Term Definition 

ESIA Environmental and Social 

Impact Assessment 

T�� ESIA is a compr���nsi�� docum�nt of a Proj�ct�s pot�ntia� �n�ironm�nta� and socia�

risks and impacts.  An ESIA is usually prepared for greenfield developments or large 

expansions with specifically identified physical elements, aspects, and facilities that are 

likely to generate significant environmental or social impacts. 

ESMP Environmental and Social 

Management Plan 

Summaris�s t�� c�i�nt�s commitm�nts to addr�ss and miti�at� risks and impacts

identified as part of the Assessment, through avoidance, minimisation, and 

compensation/offset. This may range from a brief description of routine mitigation 

measures to a series of more comprehensive management plans (e.g. water 

management plan, waste management plan, resettlement action plan, indigenous 

peoples plan, emergency preparedness and response plan, decommissioning plan). 

ESMS Environmental and Social 

Management System 

The ESMS is the overarching environmental, social, health and safety management 

system which may be applicable at a corporate or Project level.  The system is designed 

to identify, assess and manage risks and impacts in respect to the Project on an ongoing 

basis. 

 Legal and regulatory 

framework 

The national legal and institutional framework applicable to the project should be defined. 

This should also include any additional lender requirements and any international 

agreements or conventions that may also apply. 

 Project Description A project description considers all project phases from pre-construction, construction, 

operation and decommissioning and is as detailed as possible in order to identify the 

environmental aspects resulting from project activities. A summary of the project 

description is provided in ESIA Volume 1: Introduction. 
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List of Abbreviations  

Abbreviation  Description 

AoI Area of Influence 

aMSL Above mean sea level 

ADB Asian Development Bank 

AEP Annual exceedance probability 

ALARP As low as reasonably practicable 

AMDAL Analisis Mengenai Dampak Lingkungan 

ASTER Advanced Spaceborne Thermal Emissions and Reflection Radiometer 

BGL Below Ground Level 

BOD Biochemical Oxygen Demand 

CEMS Continuous Emissions Monitoring System 

CCPP Combined Cycle Power Plant 

CFPP Coal Fired Power Plant 

COD Chemical Oxygen Demand 

dBA Decibel A-weighting 

EHS Environmental, Health and Safety 

EIA Environmental Impact Assessment 

ENSO El Niño Southern Oscillation 

EPC Engineering, Procurement and Construction 

EPFI Equator Principle Financial Institutions 

ESCP Erosion and Sediment Control Plan 

ESIA Environmental and Social Impact Assessment 

ESMP Environmental and Social Management Plan 

ESMS Environmental and Social Management System 

GEV Generalised Extreme Value 

GHG Greenhouse Gas 

GIIP Good International Industry Practice 

GWP Global Warming Potential 

Ha Hectares 

HFCs Hydrofluoro Carbons 

HRSG Heat Recovery Steam Generator 

HSE Health, Safety and Environment 

IFC International Finance Corporation 

ILO International Labour Organisation 

IPCC Intergovernmental Panel on Climate Change 
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Abbreviation  Description 

IUCN International Union for Conservation of Nature 

km Kilometres 

m Metres 

MfE Ministry for the Environment 

MGLC Maximum ground level concentrations 

MoE Ministry of Environment 

MRPR Medco Ratch Power Riau 

MW Megawatt  

NBC Nusa Buana Cipta 

NCA Noise Catchment Areas 

NTS Non-Technical Summary 

OCP Organochlorine Pesticides 

OPP Organophosphorus Pesticides 

OHS Occupational Health and Safety 

PFCs Perfluoro carbons 

PLN PT Perusahaan Listrik Negara (Persero) 

PM10 Particulate Matter less than ten microns 

PM2.5 Particulate Matter less than 2.5 microns 

PPE Personal Protective Equipment 

QRA Qualitative Risk Assessment 

RoW Right of Way 

RSL Regional Screening Levels 

SDS Safety Data Sheet 

SOP Standard Operating Procedure 

SWL Sound power level 

T Tonnes 

TJ Terrajoule 

ToR Terms of Reference 

TSP Total Suspended Particulate 

TDS Total Dissolved Solids 

TSS Total Suspended Solids  

VPH Vehicles per hour 

VSR Visually Sensitive Receptor 

WBG World Bank Group 

WHO World Health Organisation 

ZTVI Zone of Theoretical Visual Impact 
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1. Introduction 

1.1 Overview 

The Environmental and Social Impact Assessment (ESIA) Volume 2: Environmental Impact Assessment (EIA) 
provides an assessment of the potential impacts of the Project on environmental receptors, makes mitigation 
and monitoring recommendations and provides an assessment of residual impacts. This introduction section 
provides an overview of the ESIA process.  

The ESIA process and how related environmental and social assessments are applied is summarised in Figure 
1.1. For social impacts, reference should be made to the ESIA Volume 3: Social Impact Assessment. 

Scoping through

Termsof Reference

and site visits

Baseline Studies

I����� ��������	
 �
�

evaluation

Mitigation

Consultation

Consultation

�	
��������	
 	


further mitigation

Environmental and

SocialManagement

Plan (ESMP)

Environmental and Social

��
�����
� ��	�������

���A �������

�
���	
��
��� �
� �	����

Management S�stem

(ESMS)

�
���	
��
��� �
� �	����

�	������
� ���
  ����!

 

Figure 1.1 : General Overview of the ESIA Process 

1.2 Spatial and Temporal Scope 

The area of influence (Aol) constitutes the spatial extent of the ESIA as outlined in Figure 1.2 below. The AoI 
encompasses all areas directly and indirectly affected by Project components, which are primarily contained 
within the power plant site, along the transmission line route and along the gas pipeline route. For each 
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environmental topic, the spatial and temporal scope will vary and this will be discussed in detail in the 
methodologies for each.  

The study period is a time limit that will be used in predicting and undertaking an impact evaluation as part of 
the impact assessment. The period is used as a basis to determine if there are any changes to the 
environmental baseline resulting from the Project activities. 
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Figure 1.2 : Spatial Scope of the Project
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1.3 Baseline Environmental Conditions 

Environmental scoping was completed at an early stage to identify development activities that would require 
attention in the ESIA. The Scoping Report includes the Terms of Reference (ToR) for the ESIA and the ToR for 
the baseline sampling, the report is located in the ESIA Volume 5: Technical Appendices.  

Baseline data collection refers to the collection of background data in support of the environmental assessment. 
Ideally baseline data should be collected prior to development of a project, but often this is not possible. 
Baseline data collection can also occur throughout the life of a project as part of ongoing monitoring of 
environmental and social conditions.  

ADB Environmental Safeguards guidance on identification of environmental baseline data states that it 
�Ödescribes relevant physical, biological, and socioeconomic conditions within the study area. It also looks at 

current and proposed development activities within the project's area of influence, including those not directly 

connected to the project. It indicates the accuracy, reliability, and sources of the data.î 

Baseline information used for this ESIA has utilised primary data collected through on-site surveys by Jacobs 
environmental and social sub-consultant Nusa Buana Cipta (NBC), between June and September 2017 (dry 
season) and January to February 2018 (wet season).  

In addition, the Project benefits from having environmental studies collected for environmental assessments 
associated with the Analisis Mengenai Dampak Lingkungan (AMDAL) for PT Perusahaan Listrik Negara 
(Persero) (PLN) existing 2 x 110 MW Tenayan Coal Fired Power Plant (CFPP). Other publically available 
studies and data sources have been used as secondary supporting information in this volume.  

It should be noted that at the time of baseline surveys being conducted the preferred gas pipeline route was the 
�Alternate Route 1 and Alternate Route 2 as shown in Figure 1.2 above. Following completion of baseline 
surveys two sections of the gas pipeline route was changed by MRPR and is now re�erre�  � ��  �e �Pre�erre�

G�� Pipe�ine ��u e�. The 10 km section of gas pipeline route that has replaced Alternate Route 2 predominantly 
consists of palm oil plantation. The 7 km section of gas pipeline that has replaced Alternate Route 1 is 6 m 
south of an existing oil pipeline which runs adjacent to existing road reserve.  The two routes have similar 
environment and landscape characteristics and therefore the baseline sampling undertaken to date is 
considered to be representative of the preferred gas pipeline route.  

1.4 Structure of Volume 2 

This ESIA Volume 2: EIA is structured in the following way: 

· Section 2 � Methodology 

· Section 3 � Environmental Baseline 

· Section 4 � Air Quality (Impact Assessment) 

· Section 5 � Greenhouse Gas Emissions (Impact Assessment) 

· Section 6 � Soils, Geology and Groundwater (Impact Assessment) 

· Section 7 � Hydrology (Impact Assessment) 

· Section 8 � Water Quality and Freshwater Ecology (Impact Assessment) 

· Section 9 � Landscape and Visual (Impact Assessment) 

· Section 10 � Natural Hazards and Vulnerability to Climate Change (Impact Assessment) 

· Section 11 � Noise (Impact Assessment) 

· Section 12 � Terrestrial Ecology (Impact Assessment) 

· Section 13 � Traffic (Impact Assessment) 

· Section 14 � Hazardous Substances and Waste (Impact Assessment) 
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· Section 15 � Working Conditions and Occupational Health and Safety 

· Section 16 � Gas Pipeline Qualitative Risk Assessment 

· Section 17 � Assessment of Cumulative Impacts 

· Section 18 � Summary of Environmental Impact Assessment 

· Section 19 � References 
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2. Methodology 

2.1 Introduction 

The impact assessment methodology applies to the assessment of potential environmental impacts arising from 
the Project. The impact assessment methodology has been developed in accordance with good industry 
p���t��e �n� the p�tent��a �mp��t� h�ve �een ��ent�f�e� �n the ��nte�t �f the P��je�t	� AoI, in accordance with 
International Finance Corporation (IFC) Performance Standard 1 (Assessment and Management of 
Environmental and Social Risks and Impacts) and Asian Development Bank (ADB) Environmental Safeguards. 

2.2 Impact Assessment   

The impact assessment predicts and assesses the Project's likely positive and negative impacts, in quantitative 
terms to the extent possible. For each of the environmental aspects, the assessment determined the sensitivity 
of the receiving environment and identifies impacts and assesses the magnitude and overall significance of 
environmental impacts. An ESIA will always contain a degree of subjectivity, as it is based on the value 
judgment of various specialists and ESIA practitioners. The evaluation of significance is thus contingent upon 
values, professional judgement, and dependent upon the environmental context. Ultimately, impact significance 
involves a process of determining the acceptability of a predicted impact. 

2.2.1 Defining Impact 

There are a number of ways that impacts may be described and quantified. An impact is essentially any change 
to a resource or receptor brought about by the presence of the proposed project component, project discharge 
or by the execution of a proposed project related activity. The assessment of the significance of impacts and 
determination of residual impacts takes account of any inherent mitigation measures incorporated into the 
Project by the nature of its design.  

In broad terms, impact significance can be characterised as the product of the degree of change predicted (the 
magnitude of impact) and the value of the receptor/resource that is subjected to that change (sensitivity of 
receptor). For each impact the likely magnitude of the impact and the sensitivity of the receptor are defined. 
Generic criteria for the definition of magnitude and sensitivity are summarised below.  

2.2.2 Direct vs Indirect Impacts 

A direct impact, or first order impact, is any change to the environment, whether adverse or beneficial, wholly or 
partially, resulting directly from an environmental aspect related to the project. An indirect impact may affect an 
environmental, social or economic component through a second order impact resulting from a direct impact. For 
example, removal of vegetation may lead to increased soil erosion (direct impact) which causes an indirect 
impact on aquatic ecosystems through sedimentation (indirect impact). 

2.2.3 Magnitude Criteria  

The assessment of impact magnitude is undertaken by categorising identified impacts of the Project as 
�enef����a �� ��ve��e
 Then �mp��t� ��e ��teg����e� ��  M�j��	,  M��e��te	,  M�n��	 ��  Nega�g��ae	 ���e� �n

consideration of parameters such as:  

· Duration of the impact � ��ng�ng f��m  weaa �nt� �pe��t��n	 t�  temp����y w�th n� �ete�t��ae �mp��t	
  

· Spatial extent of the impact � for instance, within the site boundary, within district, regionally, nationally, 
and internationally.  

· Reversibility � ��ng�ng f��m  pe�m�nent th�� �e�����ng ��gn�f���nt �nte�vent��n t� �et��n t� ���ea�ne	 t�  n�

�h�nge	
 

· Likelihood � ��ng�ng f��m  �������ng �eg�a��ay �n�e� typ���a ��n��t��n�	 t�  �na�keay t� �����	
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· Compliance with legal standards and established professional criteria � ra�gi�g �ro�  su�sta�tially ��c��ds 
�atio�al sta�narns or i�t�r�atio�al guina�c�� to  ���ts t�� sta�narns� �i.�. i�pacts ar� �ot pr�nict�n to

exceed the relevant standards) presents generic criteria for determining impact magnitude (for adverse 
impacts). Each detailed assessment will define impact magnitude in relation to its environmental or social 
aspect.  

· Any other impact characteristics of relevance. 

Table 2.1 below presents generic criteria for determining impact magnitude (for adverse impacts). Each detailed 
assessment will define impact magnitude in relation to its environmental or social aspect. 

Table 2.1 : General Criteria for Determining Impact Magnitude 

Category Description 

Major Fundamental change to the specific conditions assessed resulting in long term or permanent change, typically 

widespread in nature and requiring significant intervention to return to baseline; would violate national standards or Good 

International Industry Practice (GIIP) without mitigation. 

Moderate Detectable change to the specific conditions assessed resulting in non-fundamental temporary or permanent change. 

Minor Detectable but small change to the specific conditions assessed. 

Negligible No perceptible change to the specific conditions assessed. 

2.2.4 Sensitivity Criteria  

Sensitivity is specific to each aspect and the environmental resource or population affected, with criteria 
developed from baseline information. Using the baseline information, the sensitivity of the receptor is 
determined factoring in proximity, number exposed, vulnerability and the presence of receptors on site or the 
surrounding area. Generic criteria for determining sensitivity of receptors are outlined in Table 2.2 below. Each 
detailed assessment will define sensitivity in relation to its environmental or social aspect.  

Table 2.2 : General Criteria for Determining Impact Sensitivity  

Category Description 

High  Receptor (human, physical or biological) with little or no capacity to absorb proposed changes 

Medium Receptor with little capacity to absorb proposed changes 

Low Receptor with some capacity to absorb proposed changes 

Negligible Receptor with good capacity to absorb proposed changes 

2.2.5 Impact Evaluation  

The determination of impact significance involves making a judgment about the importance of project impacts. 
This is typically done at two levels:  

· The significance of project impacts factoring in the mitigation inherently within the design of the project; and 

· The significance of project impacts following the implementation of additional mitigation measures.  

The impacts are evaluated taking into account the interaction between the magnitude and sensitivity criteria as 
presented in the impact evaluation matrix in Table 2.3 below.  
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Table 2.3 : Impact Matrix 

 

 

 

 

 

The objective of the ESIA is to identify the likely significant impacts on the environment and people of the 
project. In this impact assessment, impacts determined to be �M�d�ra��e �r �Maj�re ar� d����d  ig�ifica��t

C�� ��u���ly, i�pac� d���r�i��d �� o� �Mi��re �r �N�gligiol�e ar� ���  ig�ifica��t  

2.3 Mitigation  

Mitigation measures are actions taken to avoid or minimise negative environmental or social impacts. Mitigation 
includes those embedded within the design (as already considered as part of the impact evaluation) and any 
additional mitigation required thereafter. Additional mitigation will be implemented to reduce significant impacts 
to an acceptable level, this is referred to as the residual impact. The mitigation hierarchy should be followed: 
avoid, minimise, restore or remedy, offset, compensate. Mitigation measures should be clearly identified and 
linked to environmental and social management plans. 

2.4 Monitoring 

Monitoring is not linked to the impact evaluation but is an important component of the ESIA. Monitoring and 
follow-up actions should be completed to:  

· Continue the collection of environmental and social data throughout construction, operation and later 
decommissioning; 

· Evaluate the success of mitigation measures, or compliance with project standards or requirements;  

· Assess whether there are impacts occurring that were not previously predicted; and 

· In some cases, it may be appropriate to involve local communities in monitoring efforts through 
participatory monitoring. In all cases, the collection of monitoring data and the dissemination of monitoring 
results should be transparent and made available to interested project stakeholders. 

2.5 Residual Impacts 

Those impacts that remain once mitigation has been put in place will be described as residual impacts, using 
Table 2.3 set out above.  

2.6 Cumulative Impacts  

The assessment of cumulative impacts will consider the combination of multiple impacts that may result when:  

· The Project is considered alongside other existing facilities within similar discharges;  

· The Project is alongside other existing or proposed projects in the same geographic area or similar 
development timetable; and 

· Impacts identified in different environmental and social aspects of the ESIA combine to affect a specific 
receptor.  

The assessment of cumulative impacts will identify where particular resources or receptors would experience 
significant adverse or beneficial impacts as a result of a combination of projects (inter-project cumulative 

  Magnitude 

  Major Moderate Minor Negligible 

S
e
n

s
it

iv
it

y
 High  Major Major Moderate Negligible 

Medium Major Moderate Minor Negligible 

Low Moderate Minor Negligible Negligible 

Negligible Minor Negligible Negligible Negligible 
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impacts). In order to determine the full combined impact of the development, potential impacts during 
construction and operation phases have been assessed where relevant. 
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3. Environmental Baseline 

3.1 Introduction  

This section provides a summary of baseline information known to date for the existing physical and biological 
environment, using available information and the methodology outlined in Section 2 above. This data will be 
used to quantify the sensitivity of the receiving environment to the proposed Project.  

3.2 Climate 

An assessment of 33 years of rainfall data from 1980-2013 was undertaken by NBC. The average annual 
rainfall over the last five years was ~2,472 mm/year. The greatest rainfall depth occurs through the months of 
October to December and March/April (>200 mm/month). Rainfall during these months can effectively double 
t��  o�t��y tot�� w��� �o p�r�e to �ery�  o�t��, �u�� �� �u�� to 	�pt� b�r.  

From 2000 to 2013, the average rainy days per month ranges from 5-10, with wetter months having a greater 
amount of wet (rainy) days. This fluctuates widely each year, with some of the wetter months experiencing up to 
25 rainy days on occasion. 

 

Figure 3.1 : Average Monthly Rainfall (mm) and Rainy Days at the Public Work Office in Senapelan District (Pekanbaru City) 

between 1980-2013 

Temperature remains relatively constant throughout the year, with monthly minimums between 20-24°C and 
maximums up to 35°C. The average temperature from the most recent data (2015) ranges between 31.7 to 
33.6°C, with a mean of 32.6°C. 

3.2.1 Meteorology 

The air quality assessment (ESIA Volume 5, Appendix E � Air Quality Technical Assessment) has identified 
meteorological conditions typically associated with the proposed location of the Project. The prevailing weather 
patterns affect how noise propagates from the source to the receiver locations and provide potential for noise 
enhancing conditions to be present. Similarly, local weather conditions can also reduce noise impacts where 
wind directions are generally directed from receiver to the source (i.e. sound propagation towards sensitive 
receivers is hindered). 

Wind is generally light, but the area is subject to monsoonal weather with high winds during the wet months. 
The predominant wind direction varies throughout the year, with southerly winds occurring primarily during the 
dry season and northerly winds during the rainy season.  The average wind speed is less than 3 m/s.  
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The wind rose shown in Figure 3.2 has been generated from data collected at an ambient air monitoring site in 
Pekanbaru for 2010 to 2015. A photograph of the monitoring station, provided as Figure 3.6, indicates that the 
site is in close vicinity to one or more tall buildings which may influence the winds measured at the site. The 
meteorological data shows winds predominantly from the north-western and north-eastern sectors, and from the 
south-southeast. Calm conditions, which are a wind speed of less than 0.5 m/s, are predicted to occur for 27% 
of the time and the average wind speed for the data period is 0.54 m/s.  The very low wind speeds as well as 
the absence of winds from the north suggest that that winds are measured at a low height above ground level, 
and are affected by local structures, trees, etc.  

 

 

Figure 3.2 : Windrose of Data Collected at Pekanbaru (Years 2010 ñ 2015)

WRPLOT View - Lakes Environmental Software

WIND ROSE PLOT:

Pekanbaru Windrose 2010-2015
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TOTAL COUNT:

27267 hrs.
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3.3 Air Quality 

Energy production, industrial and household discharges from fuel combustion, and vehicular traffic are the 
primary anthropogenic contributors to air pollution in the Project area. The main pollutants identified of interest 
are particulate matter (as Total Suspended Particulate (TSP), PM10 and PM2.5), CO, NO2, and SO2.  

The Project area primarily consists of palm oil plantations for several kilometres in all directions, with limited 
residential land use. The main population centre in the area is Pekanbaru City, the nearest residential areas to 
the power plant site are located more than 3 km to the west of the plant site. The main source of industrial 
pollution in the local area is therefore the Tenayan CFPP located 2 km to the north of the site. 

The scale of residential and industrial activity in the Project area is relatively low. 

3.3.1 Ambient Air Monitoring Data 

Ambient air quality monitoring has been undertaken by Jacobs at locations representing the existing air quality 
around the power plant and the pipeline route. Monitoring data has also been sourced to represent the existing 
air quality in the city of Pekanbaru. 

Baseline Monitoring for the Project Area (Power Plant) 

Baseline ambient monitoring data has been collected in association with the Projects at six monitoring sites 
near the Project area. Two rounds of sampling have been undertaken, one during July 2017 for the dry season, 
and one during January-February 2018 for the wet season. A map showing the sampling locations is provided 
as Figure 3.2. The parameters monitored and sampling times conducted at the four sites included: 

· Total suspended particulate using high volume sampler (24-hour sampling period per monitoring event) in 
accordance with Indonesian Standard Method SNI 19-7119.3-2005; 

· PM10 using low volume sampler fitted with a PM10 sampling head (24-hour sampling period per monitoring 
event) in accordance with Indonesian Standard Method SNI 19-7119.15 (2016); 

· PM2.5 using low volume sampler fitted with a PM10 sampling head (24-hour sampling period per monitoring 
event) in accordance with Indonesian Standard Method SNI 19-7119.14 (2016); 

· Nitrogen dioxide (NO2) by active sampling (1-hour sampling period) in accordance with Indonesian 
Standard Method SNI 19-7119.2-2005, and passive sampling (14-day sampling period per monitoring 
event) in accordance with NIOSH Standard 6700 (1998); 

· Sulphur dioxide (SO2) by active sampling (1-hour sampling period per monitoring event) in accordance with 
Indonesian Standard Method SNI 19-7119.7-2005;  

· Ozone (O3) by active sampling (1-hour sampling period per monitoring event) in accordance with 
Indonesian Standard Method SNI 19-7119.8-2005; 

· Total non-methane hydrocarbons (TNMHC) by active sampling (30-minute sampling period) in accordance 
with Indonesian Standard Method SNI 19-7119.13-2005; and 

· Lead (Pb) by active sampling (1-hour average) in accordance with Indonesian Standard Method SNI 19-
7119.4-2005. 
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Figure 3.3 : Baseline Sampling Locations for Riau CCPP Power Plant 

A summary of the baseline air quality monitoring results for the dry and wet season are provided respectively in 
Table 3.1 and Table 3.2 below.  

Table 3.1 : Baseline Ambient Air Monitoring Results, July 2017 (Dry Season) 

Contaminant 

Range of Measured Concentrations (µg/m3) Overall 

Average 

(µg/m3) 

Indonesian Air 

Quality Standard 

(µg/m3) 

WHO Air Quality 

Guidelines 

(µg/m3) AQ-1 AQ-2 AQ-3 AQ-4 AQ-5 AQ-6 

SO2 (1-hr avg) <34 <34 <34 <34 <34 <34 <34 900 500 

O3 (1-hr avg) <30 <30 <30 <30 <30 <30 <30 235 n/a 

NO2 (1-hr avg) <17 <17 <17 <17 <17 <17 <17 400 200 

NO2 (14 day 

average) 
<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 n/a 

n/a 

CO (1-hr avg) 0 1200 0 0 0 0 200 30000 n/a 

TNMHC (30-

minute avg) 
1.0 1.0 0.7 1.6 1.6 1.3 1.2 160 

n/a 

TSP (1-hr avg) 49 92 54 6 
55-317 

(avg 136) 

36-141 

(avg 69) 

95 
230 

n/a 

PM10 (24-hr 

avg) 
n/a n/a n/a n/a 

20-66 

(avg 45) 

9-42 (avg 

25) 

38 
150 

50 
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Contaminant 

Range of Measured Concentrations (µg/m3) Overall 

Average 

(µg/m3) 

Indonesian Air 

Quality Standard 

(µg/m3) 

WHO Air Quality 

Guidelines 

(µg/m3) AQ-1 AQ-2 AQ-3 AQ-4 AQ-5 AQ-6 

PM2.5 (24-hr 

avg) 
n/a n/a n/a n/a 

11-31 

(avg 21) 

<2-22 

(avg 11) 

16 
65 

25 

Pb (1-hr avg) <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 <0.06 2 n/a 

Note: < refers to the detection limit of the sampling method 

Table 3.2 : Baseline Ambient Air Monitoring Results, January-February 2018 (Wet Season) 

Contaminant 

Range of Measured Concentrations (µg/m3) Overall 

Average 

(µg/m3) 

Indonesian Air 

Quality Standard 

(µg/m3) 

WHO Air Quality 

Guidelines 

(µg/m3) AQ-1 AQ-2 AQ-3 AQ-4 AQ-5 AQ-6 

NO2 (1-hr 

avg) 
<17 <17 <17 <17 n/a <17 <17 400 200 

PM10 (24-hr 

avg) 
n/a n/a n/a n/a 10-53 13-43 30 150 50 

PM2.5 (24-hr 

avg) 
n/a n/a n/a n/a 5-20 17-23 16 65 25 

Note: < refers to the detection limit of the sampling method 

The ambient monitoring undertaken shows that the ambient air concentrations measured are influenced to 
some degree by human activity, with concentrations being above what would be typically observed in a rural 
area. Generally ambient air quality in the project area is good, with ambient air concentrations of contaminants 
being consistently below the national and international guidelines. 

With the exception of particulate matter, the air quality at the sites was determined to be of good quality, with 
SO2, NO2, CO and ozone ambient air concentrations being relatively low, and well below the Indonesian 
Ambient Air Standards and the World Health Organisation (WHO) Ambient Air Guidelines. Particulate matter 
concentrations are higher and at times exceeding the WHO 24-hour guideline value of 50 µg/m3 for PM10 and 25 
µg/m3 for PM2.5, though are consistently below the Indonesian ambient air standards. It is likely that the 
occasionally high TSP measurements are a result of the monitors being placed in locations of cleared and 
unsealed land where dust can be easily mobilised by wind or vehicular traffic. This is demonstrated in the 
photograph of air quality sampling site AQ-5, shown as in Figure 3.4, which had the highest TSP reading of 317 
µg/m3 as a 24-hour average. Measurements of particulate matter taken elsewhere in the area were generally 
lower, and likely to be more representative of actual conditions during the plant operation. However, the dusty 
nature of the disturbed soil does indicate the need for good practice dust management procedures during the 
construction phase of the Project.  
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Figure 3.4 : Air Quality Sampling Location AQ-5 

Passive sampling for NO2 was also undertaken at four of the baseline monitoring sites (AQ-1, AQ-2, AQ-3 and 
AQ-4). Passive samplers were deployed for a 14-day sampling duration at each site for three months over the 
dry season and for six weeks over the wet season. As with the manual sampling, concentrations of NO2 at each 
of the sites were also determined to be below the method detection limit (equivalent to an ambient air 
concentration of around 0.01 µg/m3).  

Ambient Air Quality Monitoring Along the Gas Pipeline Route  

Ambient monitoring data has also been collected along the gas pipeline route, at four locations. A map of these 
locations is provided as Figure 3.5, and the results are provided in Table 3.3 below. Since sampling was 
undertaken a section of the gas pipeline route has changed and this is also shown in Figure 3.5 below. 
Monitoring results along the pipeline route were similar to those in the main Project area, with all contaminants 
measured below Indonesian Ambient Air Standards and WHO Ambient Air Guidelines. 
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Figure 3.5 : Baseline Sampling Locations for Riau CCPP Gas Pipeline Route 

 
Table 3.3 :Baseline Ambient Air Monitoring Results Along Gas Pipeline Route, January-February 2018 (Wet Season) 

Contaminant 

Measured Concentrations (µg/m3) 
Overall Average 

(µg/m3) 

Indonesian Air Quality 

Standard (µg/m3) 

WHO Air Quality 

Guidelines 

(µg/m3) AQ-1 AQ-2 AQ-3 

SO2 (1-hr avg) <33 <33 <33 <33 900 500 

O3 (1-hr avg) <34 <34 69 <46 235 n/a 

NO2 (1-hr avg) <17 <17 <17 <17 400 200 

CO (1-hr avg) <114 <114 <114 <114 30000 n/a 

TNMHC (30-

minute avg) 
<1.6 <1.6 <1.6 <1.6 160 n/a 

TSP (1-hr avg) 88 81 71 80 230 n/a 

PM10 (24-hr avg) 12-34 56 26-38 26 150 50 

PM2.5 (24-hr avg) 10-23 24 14-21 16 65 25 

Pb (1-hr avg) <0.06 <0.06 <0.06 <0.06 2 n/a 

Note: < refers to the detection limit of the sampling method 
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Pekanbaru City Continuous Ambient Monitoring 

To supplement the manual and passive ambient air sampling undertaken for the Project, Jacobs has sourced 
continuous ambient air monitoring data from the city of Pekanbaru, which maintains an ambient monitoring 
station approximately 9 km west of the Project. This data is reproduced in Table 3.4. 

A photograph of the Pekanbaru monitoring site is shown as Figure 3.6, with Figure 3.7 showing the location of 
this station (labelled as PEF2) in relation to the Project. Data collected at this site consists of half-hourly 
measurements of NO, NO2, O3, SO2 and PM10, measured from 2011 to 2015. This data provides a good 
indication of existing ambient air quality in the Pekanbaru airshed, including any short-term and seasonal 
variations that could be expected to occur at the power plant site.  

It is expected that contaminant concentrations at the urban Pekanbaru City monitoring location would be higher 
than that in the Project area, due to higher levels of traffic in the City as compared to the Project site which will 
result in elevated levels of NOX. This assumption is supported by the baseline monitoring undertaken as part of 
the air quality assessment described above, which measured lower concentrations of contaminants in the 
Project area compared to those measured in Pekanbaru. 

 

Figure 3.6 : Photograph of PEF-2 Ambient Air Monitoring Site in Pekanbaru 
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Figure 3.7 : Location Map of PEF-2 Ambient Monitoring Site in Pekanbaru in Relation to the Project 

Table 3.4 : Summary of Ambient Monitoring Data Collected at Pekanbaru, 2011 - 2015 

Statistic NO2 (µg/m3) Ozone (µg/m3) PM10 (µg/m3) SO2 (µg/m3) 

1-hour avg 24-hour avg 1-hr avg 24-hr avg 1-hour avg 24-hour avg 

average 10 59 48 67 

median 6.8 6.9 45 25 59 61 

70th 14 12 88 37 84 85 

95th 30 24 166 174 176 153 

99th 45 30 233 424 259 254 

99.9th 115 46 312 562 341 305 

Indonesian Air 

Quality 

Standards 

400 150 235 150 900 364 

WHO Ambient 

Air Guidelines 
200 n/a n/a 50 n/a 20 

The continuous monitoring data in Pekanbaru indicates that the ambient air quality is relatively good with 
respect to NO2. The concentrations measured over the 2011-2015 period are generally (excluding outliers) less 
than 25% of the Indonesian 1-hour average ambient air standard of 400 ug/m3, and less than 15% of the 24-
hour average standard of 150 µg/m3. Concentrations of PM10 and SO2 are significantly higher than those 
observed in the Project area during the baseline air quality monitoring. This is in part due to the more urban 
nature of the Pekanbaru site, which includes discharges from traffic (including road dust and fuel combustion) 
and domestic fires etc. It may also be attributed to the longer, continuous nature of the monitoring which is able 
to capture high pollution events such as that caused by regional-scale agricultural burning and forest fires. 
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Analysis of PM10 concentrations measured during the 2011-2015 period, as shown in Figure 3.8below, shows 
the concentrations to be highly variable over the course of a year, with significantly elevated concentrations 
occurring during the June to October dry season when open agricultural burning and forest fires are common 
throughout the region. These sources contribute to a regional haze which is not attributable to individual 
industrial sources. The 2015 fire season has been noted as being the worst year for haze on record in 
Pekanbaru, resulting in widespread mobilisation of the population to combat brush fires. Since then government 
intervention has greatly reduced the incidence of these fires, and the regional haze problem has been less of a 
problem. 

 

Figure 3.8 : 24-hour Average PM10 Concentrations as Measured at Pekanbaru, 2011-2015 

Elevated concentrations of SO2 are assumed to be the result of elevated sulphur content of fuels used for 
transportation and other industrial sources burning fuels containing sulphur in the area where the continuous 
ambient air monitoring was undertaken. Given the low level of traffic and other industrial sources in the Project 
area, the concentrations of SO2 are also expected to be much lower. 

3.4 Soils, Geology and Groundwater 

3.4.1 Geology and Soils 

The following description of the geology and soils at the power plant site and along the proposed gas pipeline 
route is based on a detailed geotechnical study (refer to ESIA Volume 5, Appendix B � Process Description) 
and a document describing the hydrogeology of the power plant. It is noted that the aforementioned documents 
focus on the power plant site. Therefore, there is limited information describing the geology and soils along the 
proposed gas pipeline route, though geological and hydrogeological maps indicate that the geology and soils 
are likely to be similar to those observed at the power plant. 

Regional scale geological maps indicate that the geological unit beneath the power plant and gas pipeline route 
is part of the Minas formation (Rihardika, 2017). The Minas formation is comprised of very fine sandy siltstone 
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that is well sorted, brittle, and poorly cemented. Borehole records obtained from the general vicinity of the power 
plant are generally consistent with the above description near the ground surface.  

The general area that the power plant and proposed gas pipeline route is located in is undulating land that is 
prone to landslides and general surface erosion. The erosion is primarily due to heavy rainfall events and poorly 
consolidated soils, typically silt and clay.  

At the site, the geology has been interpreted from boreholes and resistivity survey collected as part of baseline 
studies for the proposed plant. Three boreholes were drilled to a depth of 30 m below ground level (BGL) within 
the proposed footprint of the site and the logs are summarised below in Table 3.5.  

Table 3.5 : Summary of Lithology Identified in Boreholes Within the Power Plant 

Borehole Depth (m) Lithology 

BH-01 0 � 0.40 Clayey SILT 

0.40 � 1.00 Silty CLAY 

1.00 � 27.00 CLAY 

27.00 � 30.00 CLAY 

BH-02 0 � 0.60 Clayey SILT 

0.60 � 3.45 Silty CLAY 

3.45 � 30.00 CLAY 

BH-03 0 -1.20 Clayey SILT 

1.20 � 5.60 Clayey SILT 

5.60 � 30.00 CLAY 

The location of each borehole is shown in Figure 3.9 below. 
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Figure 3.9 : Location of Boreholes Drilled Within the Power Plant Site 

The logs presented above indicate the presence of clay layer of considerable thickness between 1 and 5 m 
below the ground surface. Results from a resistivity survey undertaken as part of a geotechnical study (ESIA 
Volume 5, Appendix B � Process Description) are consistent with these observations. The results of the 
resistivity survey identified four geological units that are as follows: 

· First layer comprised of topsoil ranging in thickness from 0.64 to 1.53 m; 

· Second layer comprised of silty clay ranging in thickness from 2.17 to 4.39 m; 
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· Third layer comprised of clay ranging in thickness from 27.63 to 30.00 m; and 

· Fourth layer comprised clayey sand with a thickness of greater than 66.00 m. 

A cross-section showing the results of the resistivity survey is also shown below in Figure 3.10. 

 

Figure 3.10 : Cross-Section Showing Results of Resistivity Survey 

In summary, site-specific information collected at the power plant is generally consistent with regional geological 
maps near the ground surface and a significant clay layer was identified via site-specific studies between one 
and five metres below the ground surface. 

3.4.2 Groundwater 

Groundwater is defined by Freeze and Cherry (1979) as water found beneath the water table in soils and 
geological formations that are fully saturated.  

Based on the above data the site appears to have two distinct aquifers, or water bearing horizons. The first, 
which is shown on the regional hydrogeological map is a shallow unconfined aquifer system that is perched on 
top of the regional extensive clay layer described above. This aquifer is shallow, and typically less than 5 m 
from the ground surface. Groundwater flow in this shallow aquifer will be controlled by topography (i.e. follows 
the fall of the land) but in general is to the west. According to the hydrogeological map (Rihardika, 2017) this 
sandstone has a hydraulic conductivity of between 10-6 and 10-8 cm/s which is consistent with literature values 
of sand and silty sand.    

Based on the water level measured in local wells around the plant there appears to also be a deep aquifer unit 
located beneath the clay layer around 30 m below ground level. No further information on the hydraulic 
parameters of this unit is available. 
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Due to the undulating nature of the site, the shallow groundwater table is likely to be highly variable, with the 
shallowest levels encountered in the depressions or lower lying areas, and deeper groundwater levels on the 
slopes of the small hillocks on site. 

3.4.3 Local boreholes and wells 

Surveys undertaken for the ESIA identified a number of wells in close proximity to the proposed plant and 
pipeline. There are 20 wells within 1.5 km of the power plant and a further 18 wells within 100 m of the proposed 
gas pipeline route (see Figure 3.11 and Figure 3.12). 
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Figure 3.11 : Location of Groundwater Sampling Wells and Neighbouring Wells Within 1.5 km of the Power Plant
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Figure 3.12 : Location of Wells Within Close Proximity to the Proposed Gas Pipeline Route 
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Groundwater levels range from close to ground surface to 3.8 m BGL as shown in Table 3.6.  

Table 3.6 : Summary of Water Levels in Wells in Close Proximity to the Power Plant 

Well Well elevation (m aMSL) Water level (m aMSL) Water level (m BGL) Approx. distance to 

project boundary (m) 

AW1 20 17.74 2.26 70 

AW2 27 26.65 0.35 Within project boundary 

AW3 19 18.4 0.6 285 

AW4 29 28.53 0.47 245 

AW5 18 17.63 0.37 795 

AW6 18 15 3 805 

AW7 17 15.1 1.9 815 

AW8 10 6.2 3.8 1,060 

AW9 7 6 1 1,465 

AW10 23 22.4 0.6 1,500 

AW11 14 12.4 1.6 735 

AW12 13 12.2 0.8 250 

AW13 19 18.6 0.4 445 

AW14 20 19.6 0.4 475 

AW15 21 20.8 0.2 525 

AW16 32 31.4 0.6 465 

AW17 25 24.5 0.5 1,035 

AW18 6 5.5 0.5 1,255 

AW19 21 20.5 0.5 670 

AW20 25 25 0 1,015 

Notes: 

Well depths have not been provided 

m aMSL = metres above mean sea level 

m BGL = metres below ground level 

It is assumed that the well within the project boundary will be decommissioned in accordance with appropriate regulatory standards  

Based on the baseline field observations, these wells are likely to be used for domestic purposes and/or 
irrigation of palm oil plantations. In relation to groundwater quality, visual, olfactory and taste observations have 
been made on the 20 wells within 1.5 km of the power plant. Unfortunately, the depths of these wells were not 
recorded during the survey however based on the water levels observed it is assumed that they are all 
screened in the shallow unconfined aquifer. The observations noted the following: 

· The majority of wells produced clear water, though some wells had muddy water; 

· The majority of wells had water that tasted like acid; and 

· No odour was identified at the majority of wells. 

With regard to the 18 wells within 100 m of the gas pipeline (Figure 3.12), well depths range from 0.5 to 60 m, 
as shown in Table 3.7 below. Unfortunately, groundwater levels for these wells were not recorded. These wells 
are also likely to be used for domestic purposes and/or irrigation of palm oil plantations. No visual, olfactory or 
taste observations have been made on these wells. 
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Table 3.7 : Summary of Water Levels in Wells in Close Proximity to the Gas Pipeline 

Well Depth (m) Approx. distance to proposed gas 

pipeline route (m) 

1 5  10  

2 38  20  

3 20  70  

4 10  90  

5 80  30  

6 60  35  

7 53  30  

8 30  15 

9 80  70  

20 24  40  

11 3  45  

12 2  10  

13 20  15  

14 15  10  

15 1,2  75  

16 1  100  

17 0.50  15  

18 7  100  

A limited number of groundwater quality analyses have been completed on the 20 wells within 1.5 km of the 
power plant and the 18 wells with 100 m of the proposed gas pipeline route. 

3.4.4 Soil Sampling 

Ten soil samples were collected at the power plant during baseline surveys. The locations of the soil samples 
are shown in Figure 3.13. 
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Figure 3.13 : Location of Soil Samples at the Power Plant 

These soils samples were analysed for organochlorine pesticides (OCP), organophosphorus pesticides (OPP), 
carbaryl (sevin) and carbofuran (furadan). This analytical suite was chosen because of the current use of the 
land as a palm oil plantation.  

Results of the soil sampling are shown in Table 3.8. In summary, all soil samples were below detection limits for 
all analyses, indicating that the soils in the vicinity of the power plant are not contaminated from the use of 
pesticides. 

Table 3.8 : Soil Sampling Results 

Sample Organochlorine Pesticides  

(OPPs) 

(mg/kg) 

Organochlorine Pesticides  

(OCPs) 

(mg/kg) 

Carbaryl  

(Sevin) 

(mg/kg) 

Carbofuran  

(Furada) 

(mg/kg) 

Detection Limit 0.2 2 0.01 0.02 

Regulation Limit NA NA - - 

L-1 PP < 0.2 < 2 < 0.01 < 0.02 

L-2 PP < 0.2 < 2 < 0.01 < 0.02 

L-3 PP < 0.2 < 2 < 0.01 < 0.02 

L-4 PP < 0.2 < 2 < 0.01 < 0.02 

L-5 PP < 0.2 < 2 < 0.01 < 0.02 

L-6 PP < 0.2 < 2 < 0.01 < 0.02 
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Sample Organochlorine Pesticides  

(OPPs) 

(mg/kg) 

Organochlorine Pesticides  

(OCPs) 

(mg/kg) 

Carbaryl  

(Sevin) 

(mg/kg) 

Carbofuran  

(Furada) 

(mg/kg) 

L-7 PP < 0.2 < 2 < 0.01 < 0.02 

L-8 PP < 0.2 < 2 < 0.01 < 0.02 

L-9 PP < 0.2 < 2 < 0.01 < 0.02 

L-10 PP < 0.2 < 2 < 0.01 < 0.02 

3.4.5 Groundwater Quality Sampling 

Groundwater quality samples were collected from three groundwater monitoring wells, one of which is within the 
boundary of the power plant (GW-2 PP), while the remaining two (GW-1 PP and GW-3 PP) were located 
immediately to the east of the power plant. The location of the groundwater samples and neighbouring wells are 
shown above in Figure 3.11. 

Samples collected from the three groundwater wells were analysed for a range in chemical, bacterial and 
organic parameters. Results from the groundwater samples are shown in Table 3.9. The results show that with 
the exception of pH at GW-2 PP and GW-3 PP and total coliforms at GW-1 PP, groundwater quality is compliant 
with Indonesian Regulation PP 82/2001 Class II. In addition, it is noted that the groundwater quality is compliant 
with World Health Organisation (WHO) drinking water guidelines. This indicates that groundwater is generally of 
good quality and subjected to limited contamination apart from bacterial contamination in one of the sampled 
wells (GW-1PP), and therefore activities in the area that may impact groundwater quality should be carefully 
managed.   

Table 3.9 : Groundwater Quality Results 

Analytes Unit Detection 

Limit 

Regulation 

Limit1 

WHO 

Drinking 

Water 

Guidelines2 

GW-1 PP GW-2 PP GW-3 PP 

Physical 

Temperature !C - ±3 NA 27 27.8 28.1 

Total Dissolved Solids (TDS) mg/L 4 1000 NA 39 < 4 60 

Total Suspended Solids (TSS) mg/L 1 50 NA 7 < 1 < 1 

Conductivity µs/cm 1 NA³ NA 46 < 1 90 

Turbidity NTU 0.5 NA³ NA 9.71 3.07 2.43 

Chemical 

pH - - 6 � 9 NA 6.67 4.58 4.66 

Biochemical Oxygen Demand (BOD) mg/L 2 3 NA < 2 < 2 < 2 

Chemical Oxygen Demand (COD) mg/L 3 25 NA < 3 < 3 < 3 

Ammonia (as NH3-N) mg/L 0.07 (-) NA 0.10 0.19 < 0.07 

Nitrate (NO3) mg/L 0.003 10 11.3 0.034 0.060 0.822 

Nitrite (NO2) mg/L 0.005 0.06 1.9 < 0.005 < 0.005 < 0.005 

Total Nitrogen mg/L 0.06 NA NA 0.10 0.25 1.81 

Fluoride (F) mg/L 0.1 1.5 1.5 < 0.1 0.2 0.2 

Phophorus (P) mg/L 0.03 0.2 NA < 0.03 < 0.03 < 0.03 

Oil and Grease µg/L 1000 1000 NA < 1,000 < 1,000 < 1,000 
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Analytes Unit Detection 

Limit 

Regulation 

Limit1 

WHO 

Drinking 

Water 

Guidelines2 

GW-1 PP GW-2 PP GW-3 PP 

Total Boron (B) mg/L 0.04 NA NA 0.62 0.65 0.86 

Total Mercury (Hg) mg/L 0.0005 NA NA < 0.0005 < 0.0005 < 0.0005 

Total Arsenic (As) mg/L 0.005 NA NA < 0.005 < 0.005 < 0.005 

Total Cadmium (Cd)2 mg/L 0.002 NA NA < 0.002 0.012 0.002 

Total Chromium Hexavalent (Cr6+) mg/L 0.004 NA NA < 0.004 < 0.004 < 0.004 

Total Chromium (Cr) mg/L 0.02 NA 0.05 < 0.02 < 0.02 < 0.02 

Total Copper (Cu) mg/L 0.01 NA NA < 0.01 < 0.01 < 0.01 

Total Iron (Fe) mg/L 0.09 NA NA 0.30 0.10 <0 .09 

Total Lead (Pb)2 mg/L 0.005 NA NA < 0.005 < 0.005 < 0.005 

Total Manganese (Mn) mg/L 0.01 NA NA < 0.01 < 0.01 < 0.01 

Total Nickel (Ni) mg/L 0.01 NA NA < 0.01 < 0.01 < 0.01 

Total Zinc (Zn) mg/L 0.02 NA NA < 0.02 < 0.02 < 0.02 

Dissolved Boron (B) mg/L 0.04 1 0.5 < 0.04 0.31 0.51 

Dissolved Mercury (Hg) mg/L 0.0005 0.002 0.006 < 0.0005 < 0.0005 < 0.0005 

Dissolved Arsenic (As) mg/L 0.005 1 0.01 < 0.005 < 0.005 < 0.005 

Dissolved Cadmium (Cd)2 mg/L 0.002 0.01 0.003 < 0.002 < 0.002 < 0.002 

Dissolved Chromium Hexavalent (Cr6+) mg/L 0.004 0.05 NA < 0.004 < 0.004 < 0.004 

Dissolved Chromium mg/L 0.02 NA³ NA < 0.02 < 0.02 < 0.02 

Dissolved Copper (Cu) mg/L 0.01 0.02 2 < 0.01 < 0.01 < 0.01 

Dissolved Iron (Fe) mg/L 0.09 (-) NA 0.24 <0.09 <0.09 

Dissolved Lead (Pb)3 mg/L 0.005 0.03 0.01 < 0.005 < 0.005 < 0.005 

Dissolved Manganese (Mn) mg/L 0.01 (-) 0.4 < 0.01 < 0.01 < 0.01 

Dissolved Nickel (Ni) mg/L 0.01 NA 0.07 < 0.01 < 0.01 < 0.01 

Dissolved Zinc (Zn) mg/L 0.02 0.05 NA < 0.02 < 0.02 < 0.02 

Microbiology 

Total Coliforms colony/100mL - 5,000 NA 20,000 740 12 

Organics 

Organochlorine Pesticides (OCP) µg/L 0.4 NA NA < 0.4 < 0.4 < 0.4 

Polychlorinated Biphenyils (PCB) µg/L 0.005 NA NA < 0.005 < 0.005 < 0.005 

Polycyclic Aromatic Hydrocarbon (PAHs) µg/L 0.04 NA NA < 0.04 < 0.04 < 0.04 

Notes: 

Bold text indicates exceedance of Indonesian Regulation PP 82/2001 Class II 

1 Indonesian Regulation PP 82/2001 Class II 

2 WHO Drinking Water Guidelines (2017) 

3 Parameter in the described matrix has not been accredited by KAN 

3.4.6 Sampling ñ Gas Pipeline 

Four soil samples were collected along the length of the gas pipeline route. The locations of the soil samples 
are shown in Figure 3.14. 
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Figure 3.14 : Location of Soil Samples Along the Gas Pipeline 

The collected soils samples were analysed and results listed in Table 3.10. The results were compared against 
the Regional Screening Levels (RSLs) for the Protection of Human Health at Industrial Sites to identify the risk 
to human health as a result of excavation of the soil. It is noted that these guidelines contain both carcinogenic 
and non-carcinogenic values in relation to particular contaminants, of which values may be different (e.g., 
carcinogenic screen level value for Mirex in relation to ingestion (0.018 mg/kg) is different to the non-
carcinogenic screen value for Mirex in relation to ingestion (2,300 mg/kg). Where multiple values were 
potentially relevant for a particular contaminant, the lowest value was taken as exceeding that value may result 
in adverse impacts on human health it not managed appropriately. 

In summary, while contaminants were observed in the soil samples, they were generally at low levels and there 
were no exceedances of RSLs in relation to the protection of human health. This indicates that no measures are 
required to protect human health during construction works along the pipeline. 

Table 3.10 : Soil Sampling Results 

Parameter Unit Limit of 

Reporting 

Regional Screening 

Levels (Protection of 

Human Health)1 

Soil 1 PL Soil 2 PL Soil 3 PL Soil 4 PL 

Metals & Cations 

Mercury mg/kg 0.05 462 0.06 0.07 0.08 0.06 

Arsenic mg/kg 1.00 3 < 1.00 2.27 1.63 2.79 

Boron  mg/kg 5.00 230,0003 < 5.00 < 5.00 < 5.00 < 5.00 

Cadmium mg/kg 1.00 NA < 1.00 < 1.00 < 1.00 < 1.00 
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Parameter Unit Limit of 

Reporting 

Regional Screening 

Levels (Protection of 

Human Health)1 

Soil 1 PL Soil 2 PL Soil 3 PL Soil 4 PL 

Chromium mg/kg 1.00 NA 12.8 17.000 14.0 14.5 

Copper mg/kg 1.00 47,000 1.1 1.13 < 1.00 < 1.00 

Iron mg/kg 5.00 820,000 7,930 15,000 7,630 6,810 

Lead mg/kg 1.00 2704 2.55 4.59 2.34 2.02 

Manganese mg/kg 1.00 26,000 8.84 6.38 8.46 4.10 

Nickel mg/kg 1.00 13,0005 1.4 1.21 1.08 < 1.00 

Zinc mg/kg 5.00 350,000 5.96 < 5.00 < 5.00 < 5.00 

Polyaromatics Aromatic Hydrocarbons (PAHs) 

Total PAHs mg/kg 1.0 6,0006 < 1.0 < 1.0 < 1.0 < 1.0 

Polychlorinated Biphenyls (PCBs) 

Total Polychlorinated Biphenyls mg/kg 0.25 NA < 0.25 < 0.25 < 0.25 < 0.25 

Organochlorine Pesticides (OCPs) 

Trans-Chlordane mg/kg 0.5 NA 

NA 

< 0.5 < 0.5 < 0.5 < 0.5 

Cis-Chlordane mg/kg 0.5 NA 

NA 

< 0.5 < 0.5 < 0.5 < 0.5 

Endosulfan 1 mg/kg 0.5 NA 

NA 

< 0.5 < 0.5 < 0.5 < 0.5 

Dieldrin mg/kg 0.5 2 

0.000071 

< 0.5 < 0.5 < 0.5 < 0.5 

Endosulfan 2 mg/kg 0.5 NA 

NA 

< 0.5 < 0.5 < 0.5 < 0.5 

4.4'-DDT mg/kg 1.0 8.5 

0.0077 

< 1.0 < 1.0 < 1.0 < 1.0 

Mirex mg/kg 0.001 0.17 

0.00063 

< 0.001 < 0.001 < 0.001 < 0.001 

Notes: 

1 Sourced from Regional Screening Level for Chemical Contaminants at Industrial Sites (May 2018) 

2 Mercury (elemental) 

3 Boron & Borates only 

4 Lead Acetate 

5 Nickel Acetate 

6 Total Petroleum Hydrocarbons (Aromatic (Medium)  

3.4.7 Groundwater Sampling 

Groundwater samples were collected from seven groundwater monitoring wells along the length of the gas 
pipeline route. The location of the groundwater samples and neighbouring wells are shown in Figure 3.15 and 
detailed in Table 3.11. 
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Figure 3.15 : Location of Groundwater Sampling Wells Along the Gas Pipeline Route 

Samples collected from the seven groundwater wells were analysed for a range of analytes and results from the 
groundwater samples are shown in Table 3.11. The results show that these were a small number of 
exceedances of the relevant regulations. These exceedances are as follows: 

· Acceptable range for pH in Indonesian Regulation PP 82/2001 Class II is 6 to 9. pH at GW-1 Sumur 
Warga, GW-5 Bapak Tukino, and GW-7 Ibu Adui all fell outside the acceptable range; 

· Biochemical oxygen demand and chemical oxygen demand concentrations were 4.7 and 141 mg/L at GW-
6 Sumur Kebun, respectively, thus exceeding Indonesian Regulation PP 82/2001 Class II of 3 and 25 
mg/L, respectively;  

· Dissolved boron concentrations of 0.68 mg/L and GW-2 Mushola which exceeded WHO Drinking Water 
Guidelines of 0.5 mg/L; and 

· Total coliform counts in GW-6 Sumur Kebun and GW-7 Ibu Adui were 49 and 5 cfu/100 mL, respectively. 
These counts did not exceed Indonesian Regulation PP 82/2001 Class II but do indicate localised sources 
of contamination or inadequate well protection. 

The limited contamination is potentially a result of localised activities impacting groundwater in specific wells or 
site-specific hydrogeological conditions.
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Table 3.11 : Groundwater Quality Results 

Analytes Unit Detection 

Limit 

Regulation 

Limit1 

WHO Drinking Water 

Guidelines2 

GW-1 GW-2 GW-3 GW-4 GW-5 GW-6 GW-7 

pH - - 6 �  9 NA 4.21 7.0 6.26 6.8 4.44 6.27 4.97 

Total Suspended Solids (TSS) mg/L 1 50 NA 1 < 1 < 1 < 1 6 26 < 1 

Biochemical Oxygen Demand (BOD) mg/L 2 3 NA < 2 < 2 < 2 < 2 < 2 4.7 < 2 

Chemical Oxygen Demand (COD) mg/L 5 25 NA < 5 < 5 < 5 8 < 5 141 < 5 

Oil & Grease mg/L 1 NA NA < 1,000 < 1,000 < 1,000 < 1,000 < 1,000 9 < 1,000 

Arsenic (As) mg/L 0.02 NA NA < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 

Boron (B) mg/L 0.04 NA NA < 0.04 4.87 < 0.04 2.22 2.08 0.38 0.36 

Cadmium (Cd) mg/L 0.002 NA NA < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.02 

Chromium (Cr) mg/L 0.02 NA 0.05 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 

Chromium Hexavalent (Cr6+) mg/L 0.004 NA NA < 0.004 < 0.004 < 0.004 < 0.004 < 0.004 0.006 < 0.004 

Copper (Cu) mg/L 0.02 NA NA < 0.02 0.06 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 

Iron (Fe) mg/L 0.02 NA NA 0.05 < 0.02 < 0.02 0.03 0.03 0.43 < 0.02 

Lead (Pb) mg/L 0.02 NA NA < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 

Mercury (Hg) mg/L 0.00005 NA NA < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 

Manganese (Mn) mg/L 0.02 NA NA < 0.02 0.04 < 0.02 0.02 < 0.02 < 0.02 < 0.02 

Nickel (Ni) mg/L 0.02 NA NA < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 

Zinc (Zn) mg/L - NA NA 0.08 0.36 0.09 0.10 0.13 0.05 0.07 

Ammonia (as NH3-N) mg/L 0.07 NA NA < 0.07 < 0.07 < 0.07 < 0.07 < 0.07 < 0.07 < 0.07 

Fluoride (F) mg/L 0.1 1.5 1.5 < 0.1 < 0.1 0.2 0.2 < 0.1 0.4 0.1 

Total Nitrogen mg/L - NA NA 1.35 1.19 1.94 1.33 1.04 0.89 1.21 

Nitrate (NO3) mg/L 0.003 10 11.3 < 0.003 0.136 0.540 0.28 0.206 < 0.003 0.604 

Nitrite (NO2) mg/L 0.005 0.06 1.9 < 0.005 0.008 0.007 0.012 < 0.005 0.017 0.007 

Phophorus (P) mg/L 0.03 0.2 NA < 0.03 < 0.03 < 0.03 < 0.03 < 0.03 < 0.03 0.04 
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Analytes Unit Detection 

Limit 

Regulation 

Limit1 

WHO Drinking Water 

Guidelines2 

GW-1 GW-2 GW-3 GW-4 GW-5 GW-6 GW-7 

Temperature !C - ±3 NA 27.5 28.4 26.5 27.1 26.7 27.5 27.4 

Conductivity µs/cm - NA NA 11.3 109 119 76.2 16.6 67.1 65.5 

Turbidity NTU 0.5 NA NA 2.94 < 0.5 1.78 3.12 0.46 12.2 0.25 

Dissolved Arsenic (As) mg/L 0.02 1 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 

Dissolved Boron (B) mg/L 0.04 1 0.5 < 0.04 0.68 < 0.04 < 0.04 < 0.04 0.29 0.19 

Dissolved Cadmium (Cd) mg/L 0.002 0.01 0.003 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 

Dissolved Chromium mg/L 0.02 NA NA < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 

Dissolved Chromium Hexavalent 

(Cr6+) 

mg/L 0.004 0.05 NA < 0.004 < 0.004 < 0.004 < 0.004 < 0.004 < 0.004 < 0.004 

Dissolved Copper (Cu) mg/L 0.02 0.02 2 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 

Dissolved Iron (Fe) mg/L 0.02 NA NA 0.03 < 0.02 < 0.02 < 0.02 < 0.02 0.03 < 0.02 

Dissolved Lead (Pb) mg/L 0.02 0.03 0.01 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 

Dissolved Mercury mg/L 0.00005 0.002 NA < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 

Dissolved Manganese (Mn) mg/L 0.02 NA 0.4 < 0.02 0.04 < 0.02 0.04 < 0.02 < 0.02 < 0.02 

Dissolved Nickel (Ni) mg/L 0.02 NA 0.07 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 

Dissolved Zinc (Zn) mg/L 0.02 0.05 NA < 0.02 0.29 0.03 < 0.02 < 0.02 < 0.02 0.02 

Total Dissolved Solids (TDS)3 mg/L - 1000 NA 105 11 33 12 41 9 15 

Total Coliform Cfu/100 mL 1 5000 NA < 1 < 1 < 1 < 1 <1  49 5 

Notes: 

GW-1 = GW-1 Sumur Warga 

GW-2 = GW-2 Mushola 

GW-3 = GW-3 Bapak Ruslan 

GW-4 = Bapak Amran 2 

GW-5 = Bapak Tukino 

GW-6 = GW-6 Sumur Kebun 

GW-7 = GW-7 Ibu Adui 
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Analytes Unit Detection 

Limit 

Regulation 

Limit1 

WHO Drinking Water 

Guidelines2 

GW-1 GW-2 GW-3 GW-4 GW-5 GW-6 GW-7 

Bold text indicates exceedance of Indonesian Regulation PP 82/2001 Class II 

Bold text indicates exceedance of WHO Drinking Water Guidelines 

1 Indonesian Regulation PP 82/2001 Class II 

2 WHO Drinking Water Guidelines (2017) 

3 Parameter in the described matrix has not been accredited by KAN 
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3.5 Hydrology 

3.5.1 Siak River Field Surveys 

Field surveys were taken on the Siak River in 2017 as part of the baseline studies. Three cross sections were 
taken 1) upstream, 2) midstream and 3) downstream of the Project location, these indicated that the river width 
ranged from 121-125 m, and had a maximum depth of 12.8 m. River flow velocities during these assessments 
ranged from 0.8�1.0 m/s. The temperature of the river varied between 27.9 and 32.1°C. 

3.5.2 Tidal Influences 

The Riau CCPP intake and discharge point is ~136 km from the coast. Examination of the Siak River (see 
Section 7.1.1) daily flow time series is not useful for the purposes of identifying sub-daily tidal variations. Local 
reports from Pekanbaru City upstream of the project site indicate the Siak River is tidal in regards to water level 
fluctuations, but there is no tidal current at the site. The average tidal range is ~2.2 m at spring tide and 0.6 m at 
neap tide. Water level fluctuation within the river channel has the range of 1.5�2.2 m at Pekanbaru and 
maintains a semi-diurnal characteristic (JICA, 2018). 

Examination of a global digital elevation model (version 2) and contours developed from an Advanced 
Spaceborne Thermal Emission and Reflection Radiometer (ASTER) dataset indicate the river bank is ~ 10 m 
aMSL while the planned Riau CCPP location ranges from 20-30 m aMSL. This is further confirmed in Figure 
3.16, although there is no datum or surveying reference for this topographic map to indicate how the elevations 
were defined.  

The ASTER dataset has a vertical accuracy of ~17 m at the 95% confidence level, meaning the flat nature of 
this location makes it difficult to infer contours and topographic changes without local LIDAR or ground 
surveying, and therefore should be used cautiously.
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Figure 3.16 : Topographic Map of the Power Plant Location (1:16000 scale). The Power Plant is Indicated by the Green Line, Dashed Black Lines Indicate Local Surface Water Catchments 
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3.6 Water Quality and Freshwater Ecology 

The project area contains the Siak River as the main watercourse.  This is a large river draining north-east from 
the project area.  In the general project vicinity, the river is approximately 125 m wide.  The river at this location 
is over 100 km from the sea at an elevation of 10 m aMSL.  Based on available monitoring and ecology data 
and published data in Yuliati (2017) the river would be freshwater at this location and well above any saline 
water intrusion through tidal influence.  The river water level within the project area has however been observed 
to fluctuate due to tidal influences but is anticipated to be a result of freshwater backing up above the saline 
reach of the tide.   

The Siak River is located approximately 3 km north of the power plant location.  The water supply for the power 
plant will be sourced from this river and cooling water blowdown and other effluents will be discharged back to 
the river.  A temporary jetty for the unloading of equipment for the construction of the power plant will also be 
constructed in the Siak River.  Baseline data has been gathered to characterise the quality of the Siak River in 
both wet and dry season conditions.  The Tenayan River is a tributary of the Siak River and is located to the 
west of the project location.  No other permanent watercourses occur within the power plant (including 
transmission line, new road, water supply/discharge pipeline) project area. 
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Figure 3.17 : Water Quality, Freshwater Ecology, Sediment Quality and River Cross Channel Survey Sample Locations 
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3.6.1 River Morphology and Use 

The Siak River is a large river approximately 125 m wide and at the proposed location of the intake and 
temporary jetty is at an elevation of approximately 10 m aMSL. Yuliati et. al. (2017) note that it is one of the four 
main rivers in Riau Province and it is the deepest river in Indonesia.  It is characterised as a blackwater river 
that contains humic acid compounds from the leaching of surrounding peat soils. The river is over 100 km from 
the sea so is not expected to be tidally influenced at this location especially with no saltwater ingress. Yuliati et. 

al. (2017) studied the tidal influence on water quality in the river and concluded that the maximum point of saline 
impact on the water was located well downstream (over 80 km) from the power plant and over 40 km from the 
end of the pipeline route This is also reflected in the fish species that have been found which are mostly 
freshwater only species.  There is evidence of tidal influence on the water levels in proximity to the project area 
with the freshwater backing up in the river and this impact was observed by Yuliati et. al. (2017) as far upstream 
as Pekanbaru above the project area.  Both the Siak River and Tenayan River are used as a source of fish for 
food by locals. 

Yuliati et. al. (2017) note that the Siak River is a national strategic river used for navigation, transportation, 
fishing and a source of raw water for industries.  The river is frequently used for transportation by a range of 
commercial boats and tankers.  These boats carry people and cargo up and down the river using various jetties 
and structures along the river to load and offload people and products.  In proximity to the Project there is a jetty 
associated with the existing Tenayan CFPP and then upstream in Pekanbaru, the largest town on the river, 
there are a large number of wharfs, jetties and terminals which demonstrate the frequency and regular use of 
the river for transport.    

The Siak River has a gentle grade and is a wide deep channel. The banks contain a range of mud banks and 
trees/shrubby vegetation (see Figure 3.18, Figure3.19 and Figure 3.20). The water is visually turbid and brown. 
Three cross sections have been taken across the river with widths ranging from 121 to 125 m and maximum 
depths from 10.8 to 12.8 m.  Therefore, the river is similar upstream and downstream of the proposed Project 
area. 

 

Figure 3.18 : Siak River in Proximity to Water Quality Sample Sites 
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Figure 3.19 : Siak River at Location of Cross Section C-C1 

 

Figure 3.20 : Siak River at Location of Proposed Temporary Jetty 

The Tenayan River is smaller than the Siak River being approximately 10 m wide in the vicinity of the upstream 
sample point and 15 m at the downstream point near its confluence with the Siak River.  The river is generally 
brown and turbid (Figure 3.21) with some bankside tree/shrubby vegetation in a thin strip along the river. The 
wider area beyond the river bank is generally palm oil plantation.   
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Figure 3.21 : Tenayan River at Downstream Sample Point 

The main watercourse that will be crossed by the pipeline route is the Gasib River.  Monitoring site RW-02 is 
located on the main stem of this at the proposed crossing point (Figure 3.22).  At this location the river was 
measured in February 2018 as being 18 m wide and 2.6 m deep at high tide during a cross sectional survey.  
The river is generally flat and slow flowing. 

Monitoring site RW-01 is located on a tributary of the Gasib River close to RW-01 (Figure 3.23).  This is a 
similarly flat and slow flowing area and was measured at high tide as being 9 m wide and 1.9 m deep. 

 

Figure 3.22 : Gasib River at RW-02 Sample Point and Location of Proposed Gas Pipeline Crossing 
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Figure 3.23 : Gasib River at RW-02 Sample Point and Location of Proposed Gas Pipeline Crossing 

3.6.2 Physical and Chemical Properties - Power Plant Vicinity, Siak and Tenayan Rivers  

Yuliati et. al. (2017) noted concerns about the decline in the water quality of the Siak River due to inputs of 
domestic and industrial waste and reports of health effects on domestic users of the water and decreases in fish 
populations.  Putri (2011) also noted the polluted nature of the river and concerns over its health that have 
resulted in the government initiating a policy to control pollution in the river with a resulting suite of programmes 
aiming to improve the water quality. 

Yuliati et. al. (2017) assessed the quality of water in the lower Siak River (Palas Village in Pekanbaru City for 
180 km downstream to the mouth) This data was gathered over 2015 and 2016 with a focus on understanding 
the differences in water quality at high and low tide.  The Siak River is characterised as a blackwater river (Baun 
et. al. 2007) with high levels of dissolved organic carbon and low dissolved oxygen levels controlled in part by 
the influence of the tides.  Their study compared the water quality to an index that identifies the pollution status 
of waterbodies by comparison to an established range of water quality in other relevant rivers.  The following 
was concluded from their analysis of the water quality data: 

· The pH of the black water was low in line with that found by other researchers; 

· Total suspended solids were variable and elevated but generally below guidelines; 

· Salinity levels in the lower river were influenced by the tide but this saline impact was not observed further 
upstream; 

· Dissolved oxygen was low due to the high dissolved organic carbon; 

· BOD and COD were observed to be elevated and likely to be sourced from industrial and other discharges; 

· For nutrients, ammonia and nitrite concentrations were generally above guidelines and nitrate and 
phosphorous within guidelines; 

· Total coliforms and oil and grease were generally within the guidelines; and 

· For metals, cadmium and mercury were within guidelines and lead often elevated above the guidelines.   
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The overall conclusion of Yuliati et. al. (2017) was that the Siak River water quality was heavily polluted at all 
states of the tide. The data gathered for this project indicates the following: 

· The water is warm, with generally elevated suspended solids and high turbidity in both wet and dry season 
with suspended solid concentrations higher in dry season;   

· pH and DO were low in accordance with the results discussed above; 

· Where guideline values exist concentrations of most parameters were within guideline values; 

· Many parameters were below detection limits including most metals and organic parameters indicating 
reasonable water quality;   

· Iron concentrations were elevated above guidelines and it is noted that in the dry season data only boron 
concentrations were elevated above what may be typical in rivers; 

· The chemical oxygen demand was often elevated indicated organic enrichment of the water.  BOD was not 
generally elevated in this data in contrast to published results. Faecal contamination was evident but not 
always above guidelines and higher in dry season conditions;  

· Nutrient concentrations were generally below guidelines where they existed with some elevation of nitrogen 
observed above what may be expected in good quality rivers; and 

· Oil and grease were elevated in the Siak River but not the Tenayan River in data gathered for this project.  
This may result from the regular boat traffic on the river. 

Data gathered in 2010 presents a broadly similar picture with elevated suspended solids, iron, high oxygen 
demand and elevated microbial contaminants.  Therefore, the data gathered for this project is broadly in 
accordance with that gathered for other projects and discussed in published reports.  Overall the rivers appear 
to have a high sediment load and turbidity, low dissolved oxygen and pH and some elevated metals and 
nutrients and a higher oxygen demand. The physical and chemical results from baseline sampling was 
compared to the guidelines outlined in the Government Regulation No. 82 Year 2001 regarding Water Quality 
Management and Pollution Control Class II. For the tabulated results please refer to the Technical Report - 
Water Quality and Freshwater Ecology contained in Volume 5: Technical Appendices.   

3.6.3 Macroinvertebrates 

For the dry season sampling, three surface sediment samples were taken from three separate locations, two on 
the Siak River and one on the downstream end of the Tenayan River.  No differentiation between sites can be 
made.  The results indicate that there was a limited number of taxa with mainly worms, snails and clams being 
found (Figure 3.24 and Figure 3.25). These are more tolerant of degraded conditions and disturbance. 

 

Figure 3.24 : Example of Benthic Macroinvertebrate Species Identified 
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Figure 3.25 : Example of Benthic Macroinvertebrate Species Identified 

Samples were taken from the Siak River and the three rivers along the pipeline route in the wet season. These 
sites were analysed independently without compositing.  Results indicate that: 

· The macroinvertebrate populations in the Siak River are impoverished with low numbers of taxa and low 
diversity (WQ 02, 03 and 05).  All three sites are impoverished with the site in proximity to the proposed 
jetty having the poorest macroinvertebrate ecology.   

· The results indicate slightly fewer taxa than in the composite sample previously analysed however in 
general both indicated poor macroinvertebrate ecology. 

· The two sites on the Gasib River (RW-01 and RW-02) and the results from the Pasir River (RW-03B) have 
greater number of taxa and better diversity than the Siak River. The tributary of the Gasib River (RW-01) 
and the Pasir River RW-03B have the best macroinvertebrate ecology with examples of pollution tolerant 
species such as mayflies and the largest diversity of any sites.  

· The unnamed creek located along the gas pipeline route in an area of palm plantations had a very poor 
diversity with mostly midge larvae present.  These are indicative of a very disturbed poor habitat areas 
and/or of poor water quality. 

3.6.4 Fish 

Fish species have been identified in both the Siak and Tenayan for dry season surveys and for wet season 
surveys.   Overall 9 types of fish were identified in the dry season and 25 in wet season surveys.   

The dry season results show that the Siak River had a greater diversity of fish species than the Tenayan River 
and in greater numbers.  There was little difference between the upstream and downstream sites on the Siak 
River in terms of either species or density.  On the Tenayan River there were few fish identified with none in the 
middle reach.  The fish identified to species level were generally species that are found in freshwater systems 
only and were all native to this area and other areas throughout Asia.   

In the wet season there was a greater number of species identified with a similar pattern of distribution with the 
greatest diversity of species being found in the Siak River.  The smaller watercourses including the Tenayan 
River and Gasib River had lower numbers of fish species.  

Aryani (2015) reports on fish populations within the Kampar Kanan River in Riau Province. The study identified 
the occurrence of 36 fish species belonging to 7 orders, 15 families and 23 genera. Among the collected 
species, order Cypriniformes was most dominant which is similar to the data gathered for this project.  Iskandar 
and Dahiyat (2012) assessed potential fish populations in the Siak River based on interview methods. This 
identified 36 species in the Siak River with many thought to be becoming less frequently found than in the past.  
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These papers indicate that the fishing methods used in this study have provided results broadly in line with 
published information in terms of numbers of species potentially in the area. 

The threat status of the fish identified has been identified with reference to the International Union for 
Conservation of Nature (IUCN) Red list of threatened species status.  This is only possible where fish were 
identified to species level.  One species is identified as near threatened and was found within the Siak River 
upstream of the proposed water intake and discharge.  This is Kryptopterus minor (Siamese Glass Catfish) 
which is native to Indonesia, Cambodia, Malaysia, Thailand and Vietnam.  It was classed as Near Threatened 
due to inferred population declines arising from the impact of harvesting for the ornamental fish trade and the 
loss and degradation of suitable habitat, especially peatland and lowland forest covered streams.  The 
remaining species were mostly classed as of least concern or not evaluated. For the tabulated results please 
refer to the Technical Report - Water Quality and Freshwater Ecology contained in Volume 5: Technical 
Appendices. 

3.6.5 Sediment Quality 

Sediment quality results include samples from Siak, Tenayan and Gasib Rivers and include one sample that is 
a composite across the Tenayan and Siak Rivers. No relevant Indonesian sediment quality guidelines exist for 
comparison. Therefore, the ANZECC (2000) Guidelines were used to establish relevant sediment guidelines to 
characterise the environmental quality of the river sediments. The individual sample results had no parameters 
above guidelines indicating generally good sediment quality.  The composite sample represents the general 
quality of the lower Tenayan River and the Siak River upstream and downstream of the project.  Due to the 
process of compositing samples, results have been multiplied by the number of samples contributing to the 
composite (3).  This therefore allows for a scenario where any one of the contributing composite samples could 
exceed the guidelines but have been diluted ay the remaining clean samples.  This indicates that the surface 
sediments of the river contain elevated metals, specifically arsenic, cadmium, chromium, lead, mercury and 
nickel.  Water quality data analysed above has indicated from available literature that lead, iron and boron could 
be in elevated concentrations with other metals below guideline concentrations.  Therefore, the individual 
sample appear to be more representative of the overall water quality as they do not show notable elevation of 
metals.  The results for organic contaminants were below the laboratory detection limits, however it should be 
noted that the detection limits were generally above the trigger levels therefore it cannot be concluded that 
organic contaminants are not present in concentrations that may impact on the ecological values of the 
waterways. For the tabulated results please refer to the Technical Report - Water Quality and Freshwater 
Ecology contained in Volume 5: Technical Appendices. 

3.6.6 Baseline Water Quality and Freshwater Ecology Summary 

Overall water quality is average from an ecological perspective with many parameters within environmental 
guidelines. However, there was low dissolved oxygen, low pH and high suspended sediment, turbidity levels 
and iron and some impacts of oil and grease and high oxygen demand.  Sediment quality indicates little 
enrichment by metals or hydrocarbons.  All river studies had broadly similar water quality.  Macroinvertebrate 
populations in the Siak and Tenayan Rivers were generally fairly impoverished with a reasonably small range of 
taxa present and those that were are considered to be pollution/disturbance tolerant.  A range of fish species 
were present, especially in the Siak River which are broadly in line with the expected numbers of species for the 
region.  One near threatened species was present at the site upstream of the proposed intake and discharge.  
The data did not identify any clear differences between the upstream and downstream Siak River sample 
locations in dry or wet season sampling.  The main difference observed between the Siak and Tenayan Rivers 
was the greater number of fish species observed in the Siak River.  The Siak River is the primary watercourse 
that would be potentially impacted by project activities. 

The Gasib and Pasir Rivers at the location of the proposed pipeline crossings had broadly similar water quality 
to the Siak and Tenayan Rivers and generally a more diverse macroinvertebrate ecology but more 
impoverished fishery population. 

In general, this data indicates that the receiving environments are not pristine and are likely to be degraded to 
some extent by existing surrounding and upstream land uses and use of the rivers.  Utilising the criteria within 
the ESIA methodology it is considered that overall the water quality and ecology of the Siak River, Gasib River, 
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Pasir River and unnamed creek that the pipeline crosses are of low sensitivity as receptors have some capacity 
to absorb the project changes.  This is due to the existing water quality having some capacity for change and 
the existing ecology already being degraded and comprising mainly more tolerant species.  The presence of 
one near threatened fish species could indicate that the upstream site on the Siak River may be of medium 
sensitivity as the fish population has little capacity to absorb changes.  This location is upstream of the Project 
area so less likely to be impacted. For the tabulated results please refer to the Technical Report - Water Quality 
and Freshwater Ecology contained in Volume 5: Technical Appendices. 

3.7 Landscape and Visual 

3.7.1 Visual Context 

The following section provides a summary of the visual setting for the Project in order to determine the likely 
visual impacts of the development, aided by the use of 3-D modelling techniques, to provide a comparison of 
the existing environment and impression of the site post power plant construction.  

3.7.2 The Power Plant 

The Project site is located approximately 10 km east of Pekanbaru city, approximately 5 km south of the Siak 
River. The power plant and switchyard will be located within a 9.1 ha area of land being procured for the 
development by the Project sponsor Medco Ratch Power Riau (MRPR).  

The habitat types present at the power plant location include; mixed garden species; palm plantation; open 
areas; former cultivation areas; small rubber plantations and areas of secondary growth. There are no dwellings 
located on the site. The project location within a wider geographical context is shown in Figure 3.26 below. 

 

Figure 3.26 : Project Location 
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Figure 3.27 : Palm Oil Plantation Within Project Site (Source: Tenayan Environmental and Social Baseline Study Report) 

3.8 Natural Hazards and Vulnerability to Climate Change 

3.8.1 Earthquakes 

Indonesia is located in a tectonically active area being surrounded by three major tectonic plates. Indonesia 
overall is therefore considered an earthquake prone region. Seismic history in Indonesia, including Riau 
Province, is shown in Figure 3.28 below. Figure 3.28 shows the occurrence of past significant earthquakes 
around Sumatra that have been recorded between 1650 � 2018. The majority of these earthquakes are 
concentrated along the southern and western edge Indonesia and not in the vicinity of the project site. There is 
no submarine trench north of the Island of Sumatra and very few significant earthquakes are expected north or 
immediately east of Riau Province. The main hazards associated with earthquakes are shaking and 
liquefaction. 

 

Figure 3.28 : Seismic History in Indonesia (NGD/WDS, 2018)
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3.8.2 Tsunami  

D�� to ��ing �o�at�d in a  �i mi�a��y a�tiv� a��a �ndon� ia ha a hi to�y o� � �nami� . 	o t nota��y, th� 
�

December 2004 tsunami caused as a result of a large earthquake within the Indian Ocean and resulting in 
150,000+ casualties most on the western side of Sumatra. Tsunami observations from 1650 � 2018 in the 
vicinity of Sumatra are shown in Figure 3.29 below which indicates tsunamis are concentrated along the 
western and southern trenches in the areas of high seismic activity. There are no recorded observations of a 
tsunami to the north of Riau.  

 

Figure 3.29 : Tsunami History in Indonesia (NGD/WDS, 2018) 

Due to being a tectonically active region Indonesia contains a number of active volcanoes. The volcanos are 
concentrated along plate subduction zones to the south and west of Indonesia. Figure 3.30 below shows the 
location of significant volcanic eruptions in Indonesia from 1650 � 2018, noting that there has been no volcanic 
activity in the immediate vicinity of the project site. The main hazards associated with volcanic eruptions are 
lahar, lava and airfall deposits. 

The nearest active volcano to the Riau CCPP site is Marapi being approximately 165 km to the south-west of 
the project site. Marapi is a stratovolcano rising 2,000 m above the Bukittinggi plain in the Padang Highlands 
and more than 50 eruptions, of small to moderate explosive activity, have been recorded since the end of the 
18th century (SIGVP, 2018). No lava flows have been reported outside the summit crater.  
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Figure 3.30 : Volcanic Eruption History in Indonesia (NGD/WDS, 2018) 

3.8.3 Forest Fires  

Sumatra and the Riau Province are generally vulnerable to forest fires. Rather than being naturally caused, the 
forest fires are often caused by people undertaking clearance of vegetation via the slash and burn technique to 
create productive land, despite it being illegal. When this occurs during dry weather conditions, the blazes often 
become out of control and threaten villages and public health from smoke inhalation and require evacuations. El 
Niño Southern Oscillation (ENSO) climate conditions causes dryer weather and increases the risk of 
uncontrolled forest fires and burning peatlands. 

3.8.4 Flooding 

Heavy rainfall and associated flood events are a common natural hazard within Indonesia. Settlements built in 
low lying areas and in close proximity to rivers are particularly at risk of flood water inundation. As recently as 
December 2017 the Siak River flooded parts of Pekanbaru affecting in 3,567 households or 10,887 people (The 
Jakarta Post, 2018). See Hydrology baseline in Section 3.5 for further information on flood risk. 

3.8.5 Landslides 

Landslides are a common natural hazard throughout Indonesia with landslides occurring every year and 
causing loss of life, damage to property and productive land. The risk of a landslide occurring generally 
increases in steeper areas that receive high rainfall, with the risk exacerbated by forest clearance and the 
monsoon season between October and April. The landslide risk in the Riau region is classified as Low to Very 
Low in the vicinity of Pekanbaru (refer to Figure 3.31). 
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Figure 3.31 : Landslide Hazard Risk (Source: ThinkHazard, 2018(a)) 

3.8.6 Vulnerability to Climate Change 

Climate change, namely sea level rise, has the potential to have widespread impacts on island nations such as 
Indonesia in the future, with low lying coastal areas to be most affected. The power plant site is located 
approximately 125 km inland and is approximately 17 m aMSL. As such, sea level rise will not pose a risk to the 
project site. 

3.8.7 Tropical Cyclones 

Indonesia is often subject to tropical cyclones which form over the warm oceanic waters near the equator. 
Tropical cyclones can result in high winds, storm surges, heavy rainfall, flooding and landslides. Coastal regions 
are most vulnerable to the impacts from tropical cyclones due to them deriving their energy from warm water, 
and weakening relatively quickly when they track over land. The risk of a tropical cyclone impacting the Riau 
re�ion is iden�ified �s  ein� �Very Low� �refer �o Figure 3.32) with the majority of cyclones impacting the 
southern and eastern areas of Indonesia (ThinkHazard, 2018). Indonesia experiences tropical cyclones ranging 
in intensity from category 1 to the largest category 5 cyclones. 
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Figure 3.32 : Tropical Cyclone Risk Indonesia (Source: ThinkHazard, 2018(b)) 

3.9 Noise 

3.9.1 Acoustic Character of Surrounding Area 

Noise levels were measured at locations representative of the nearest built up areas over several days during 
September and October 2017 and January (dry season) to February 2018 (wet season). Noise monitoring was 
conducted in accordance with Indonesian Standards (State Minister of Environment Decree No 48) and the 
monitoring period was extended to a minimum of 48 hours continuously at the power plant site in accordance 
with WBG EHS Guidelines. The ambient noise levels were recorded continuously for a one-hour period during 
representative time intervals and comments against identifiable noise influences were noted during the noise 
survey. Typically, the noise sources in the area were as follows: 

Day time ñ Residential Areas 

· Noise from traffic activity; 

· Residential noise (children, talking, televisions, radios); 

· Birds; and 

· Dogs. 

Night time ñ Residential Areas 

· Noise from traffic activity; 

· Dominant noise from crickets and other nocturnal insects; 
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· Generators; 

· Crickets; and 

· Occasional birds. 

Monitoring locations are presented visually in Figure 3.33 below and the results are provided in Table 3.13. 

3.9.2 Noise Catchment Areas  

The area surrounding the proposed Riau CCPP has been divided into Noise Catchment Areas (NCAs). These 
areas have been presented in Table 3.20 and graphically in Figure 3.33 and have been defined according to the 
likely noise environment in the area. 

Table 3.12 : Description of NCAs 

Noise Catchment Area Description 

NCA 1 The immediate vicinity of the Riau CCPP 

NCA 2 Semi-rural receivers on the eastern outskirts of Pekanbaru 

NCA 3 Suburban receivers in eastern Pekanbaru 

NCA 4 Palm oil plantations 

NCA 5 Township near the intersection of JI Baru Bakal and JI Pemda 

NCA 6 Properties along JI Ferry Pinang Sebatang 
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Figure 3.33 : Site Layout Noise Monitoring Locations and Catchment Areas and Receivers 

3.9.3 Monitoring Results 

The results of monitoring at each location are summarised in Table 3.13 below. Noise monitoring was carried 
out at each site during periods where noise impacts may be experienced. For the gas pipeline route, noise 
impacts may be associated with daytime construction work only, while at for receivers potentially affected by 
power station noise, results are presented for each time interval of the 24-hour monitoring period and for the 
overall Ls (Daytime), Lm (Night time) and Lsm (24 hour) periods. 

Table 3.13 : Noise Monitoring Results 

Study area Location NCA 

Monitored noise level (LAeq period) 
Overall noise 

level 

World Bank 

Parameters 

L1 L2 L3 L4 L5 L6 L7 

Ls Lm Lsm 

Day 

(7:00 to 

22:00) 

Night 

(22:00 

to 7:00) 

6am-

9am 

9am-

11am 

2pm-

5pm 

5pm-

10pm 

10pm-

12am 

12am-

3am 

3am-

6am 

Pipeline 

PL01 6 - 57 - - - - - - - - - - 

PL 02 6 - 62 - - - - - - - - - - 

PL03 6 - 71 - - - - - - - - - - 

PL 04 5 - 67 - - - - - - - - - - 

PL 05 4 - 72* - - - - - - - - - - 

PL06 4 - 62 - - - - - - - - - - 
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Study area Location NCA 
Monitored noise level (LAeq period) 

Overall noise 

level 

World Bank 

Parameters 

L1 L2 L3 L4 L5 L6 L7 Ls Lm Lsm Day Night 

PL 07 4 - 53 - - - - - - - - - - 

PL 08 4 - 37 - - - - - - - - - - 

PL 09 1 - 45 - - - - - - - - - - 

Power 

station 

 

PS 01 2 61 50 58 49 52 47 44 56 49 55 54 55 

PS 02 1 61 53 62 57 59 62 61 59 61* 59 60 59 

PS 03 2 58 57 60 62 59 56 51 59 56 58 58 58 

PS 04 2 54 57 56 43 46 41 46 53 45 51 49 51 

* These results appear to be unrealistically high and may indicate interference from a localised noise source 

Audio recording at proposed power plant sites indicated that existing background noise levels were influenced 
by birds, local traffic and residential noise (including diesel generators) during daytime and evening hours and 
crickets during night time hours. Background noise levels along the pipeline route are controlled by the proximity 
of the monitoring site to local roads and the local density of residential properties. 

3.9.4 Topography 

The local topography and terrain is important in the consideration of noise propagation to other locations 
adjacent to the site. In the area of interest around the proposed power plant, the land is generally flat, with 
regular, low rolling hills. 

The terrain is typically thickly vegetated with palm oil plantations and interspersed with small dirt roads. Over 
these large distances, acoustic absorption through these plantations may be significant and land usage has 
been accounted for in the modelling of noise impacts for the proposal. 

3.10 Terrestrial Ecology 

3.10.1 Introduction 

The terrestrial ecology data was collected on two occasions to encompass the dry and wet seasons to allow an 
objective assessment of the value of the habitat within the project area for terrestrial ecology. 

3.10.2 Dry Season Survey 

Habitats 

Three survey plots (20 x 100 m) were set up adjacent to the power plant site. The surveys could not be 
conducted on the actual site because the Project sponsors, MRPR, could not gain access to that land prior to 
completion of the land acquisition process. The actual areas surveyed were selected as they are determined to 
be representative of the receiving environment within the power plant site. The plots were located to provide a 
representation of the ecosystems present within the construction site area as set out in Table 3.14. Within each 
survey plot data was collected as follows: 

· 20 10 x 10 m sub plots were surveyed for trees; and 

· 20 5 x 5 m sub plots surveyed for saplings. 

In each sub plot the trees and saplings were identified, a voucher specimen was taken and the relative 
frequency (FN), relative dominance (DN), relative density (KN), and important value index (INP) were calculated 
by using Curtis (1959) method (Dombois-Ellenberg 1974). Trees and Saplings INP were obtained from the sum 
of FN, DN, and KN. The species diversity index (H ') and the species evenness index (E) in the plot were 
calculated by Shannon method (Magurran, 1988).   



ESIA Volume 2: Environmental Impact Assessment  

 

 

 AM039100-400-GN-RPT-1005 54 

Table 3.14 : Locations, Co-ordinates, Administrative areas, and Land Coverage of Each Sample Plot 

Location  Co-ordinate Village  District  Regency  Land Use  

TR1 
00o

32’2 �” LU;  

101o
31’ 11 ” BT  

Industri Tenayan Tenayan Raya Pekanbaru Palm Plantation 

TR2 
00o

32’
��

LU;  

101o
31’ 31 ” BT  

Industri Tenayan Tenayan Raya Pekanbaru Palm Plantation 

TR3 
00o

32’2 �, 2 ” LU;  

101o
31’ 1

�,
1 ” BT  

Industri Tenayan Tenayan Raya Pekanbaru 
Palm Plantation 

Shrubs 

Note: Co-ordinate used is an approximation for TR2 

Fauna 

The transmission line and area to the north of the proposed Riau CCPP site were surveyed between 19th July 
and 1st August 2017 by recording the birds, herpetofauna and mammals observed while walking three 
transects. The location of the transects is set out in Table 3.15 and shown in Figure 3.34 below.  

 

Figure 3.34 : Location of Transects 

The bird surveys were carried out within four hours of sunrise and included census points along the transect 
line. At each census point a 20-minute survey to count all bird species visible and heard within a 50 m radius 
was carried out. The surveys for herpetofauna and mammals were conducted by recording any species or 
evidence of species observed long the transect. 




































































































































































































































































































































