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CURRENCY EQUIVALENTS 
(as of 1 November 2019) 

 
Currency unit – Rupiah (IR) 

IR1.00 = $0.000071 
$1.00 = IR14168.32  

 
 
 

ABBREVIATIONS 
ADB – Asian Development Bank 
AMDAL – Analisis Mengenai Dampak Lingkungan 
CTF – Clean Technology Fund 
CITES – Convention on International Trade in Endangered Species of 

Wild Fauna and Flora 
CAP – corrective action plan 
DMF – design and monitoring framework 
DO – dissolved oxygen 
EMP – environmental management plan 
EMoP – environmental monitoring plan 
EPC  – engineering, procurement, and construction 
FEED - front-end engineering design 
FGD – focus group discussion 
GDE – PT Geo Dipa Energi 
GRC – grievance redress committee 
GRM – grievance redress mechanism  
HSE – health, safety, and environment 
IEE – initial environmental examination 
OE – owner’s engineer 
ORC - organic Rankine cycle 
PMC – project management consultant 
PMU – project management unit 
RUPTL – Rencana Umum Penyadiaan Tenaga Listrik (Electricity Power 

Supply Business Plan) 
SAGS – steam above ground gathering system 
SCS – stakeholder communication strategy 
SPS – Safeguard Policy Statement 
TOR – terms of reference 

   
WEIGHTS AND MEASURES 

oC – Degree celsius 
dB(A) – A-weighted decibel 
ha – hectare 
km – kilometer 
kV – kilovolt 
MW – megawatt 
MWh – megawatt-hour 
mg/L – milligram per liter 
µg/m3 – microgram per cubic meter 



	
	

 
	

mg/Nm3 – milligram per normal cubic meter 
m2 – square meter 
ppm – parts per million 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

NOTE 
In this report, "$" refers to United States dollars. 

 
 
 
 
This set of appendixes to the initial environmental examination is a document of the borrower. 
The views expressed herein do not necessarily represent those of ADB's Board of Directors, 
Management, or staff, and may be preliminary in nature. Your attention is directed to the “terms 
of use” section of this website. 
 
 
In preparing any country program or strategy, financing any project, or by making any 
designation of or reference to a particular territory or geographic area in this document, the 
Asian Development Bank does not intend to make any judgments as to the legal or other status 
of any territory or area. 
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1st Round of Consultation in Dieng and Patuha with affected people, 
communities, and key stakeholders 

18-23 March 2019 
 
 
A. Background 

 
1. The first round of consultations was conducted on 18 – 19 March 2019 for Patuha and on 
20 – 22 March 2019 for Dieng. The consultations in Patuha  were held in three villages 
(Sugihmukti, Alamendah, and Panundaan) and in 6 villages in Dieng (Pranten, Kepakisan, 
Karang Tengah, Dieng Kulon, Bakal, and Sikunang).  
2. Consultations in Patuha were attended by 171 persons: 132 (77%) male and 39 (23%) 
female, while in Dieng were attended by 183 persons: 139 (76%) male and 44 (24%) female. 
Participants included community members (including potentially affected persons) living close to 
the project areas in affected 9 villages, representatives of village government, community-based 
organizations (including PKK, Karang Taruna, Bumdes, elderly groups), sub-district government, 
district agencies (Social, environment, and BKSDA), GDE Headquarters and regional units, the 
TA consultant and ADB. In addition, several interviews were also conducted with key 
stakeholders that include land renters/users, village head, communities members.  
3. The consultations were co-chaired by GDE representatives and the ADB team, and 
facilitated by ADB consultants.  The consultations were started with the opening remarks from 
Village Head, Sub district head and followed by a short explanation from GDE on the on-going 
project and the plan to expand the project (Patuha 2 and Dieng 2), a short explanation from ADB 
on ADB SPS safeguards principles and gender and the purpose of the consultations, followed 
by general discussions. The consultations were followed up with the small group discussions 
focusing on social safeguards, environmental safeguards, and gender.  Several questions, 
concerns, and suggestions were raised by participants covering the topics below. 
4. Common issues arose in consultations across locations. Among them, many potentially 
affected people (AP) requested information about how to contact GDE in case of a concern. This 
highlights the opportunity for GDE to develop and communicate a process for gathering and 
managing concerns from affected communities. GDE’s current approach at the Dieng facility is 
summarized below, which is funded through the HSE operations budget for “incidents.” 

5. Villagers with a complaint inform the local Kepala Desa ® Kepala Desa send a letter to 
GDE ® GDE checks the issue/impacted area to confirm and identifies a solution ® GDE works 
with the relevant government agency to calculate the damages ® GDE and the Kepala Desa 
negotiate a solution and compensation. (Note: It is unclear if the GDE unit maintains a record of 
complaints or how it is communicated back to Jakarta) 

 
B. Consultation Results, Patuha 

 
6. Table 1 presents the number of people consulted and gender breakdown of participants 
in each village. 
 



 
 

Table 1. Participants of Consultations, Patuha 

Village 1 Sub-district 
(Kecamatan) 

Total no. of 
participants 

No and (%) of 
male 
participants 

No and (%) of 
female 
participants 

Sugihmukti Pasir Jambu 61 (77%) 14 (23%) 

Alamendah Rancabali 51 (88%) 6 (12%) 

Panundaan Ciwidey 59 (68%) 19 (32%) 

Total  171 132 (77%) 39 (23%) 

 
7. A brief context and main issues discussed during the consultations are presented in the 
following section. 
8. Social Safeguards. Key concerns raised by participants include: 

• In general, this was the first occasion of public consultations for each village. The 
response to the consultations were positive. Villagers requested that such 
consultations be continued in the future as a mode of communication and information 
sharing. Residents affirmed their support for the project (Patuha-2) and up-coming 
project activities (further engagement/consultations, surveys etc.). 

• Participants felt that their livelihoods had not been affected by the presence of the 
Patuha-1 facility in their area. Therefore, no specific concerns were raised regarding 
potential negative impacts of Patuha-2 on their livelihoods.  

• While a number of participants articulated that they did not quite know what GDE was, 
and whom its operations were meant to benefit, participants in general affirmed that 
they have received some direct benefits in the form of GDE’s on-going CSR 
programs.2  However, participants also articulated a list of complaints.3 Participants 
took advantage of the forum to request various kinds of assistance from GDE. 

• In general, there was a sentiment that if GDE progresses, surrounding communities 
(wellbeing) should also be able to progress in tandem. (GDE maju, masyarakat maju.). 
In comparison, there was a difference in the disposition of the respective village 
communities towards GDE.4  Participants of the Panundaan Village consultation 
conveyed a generally more positive disposition towards GDE in terms of collaboration 
/ partnership in enhancing the village’s fortunes.  
 

9. Environmental safeguards. Key concerns raised by participants include: 

• Vibration and noise during the mobilization/demobilization of heavy equipment and 
rigs to/from the Patuha project site for Unit 1 via the village access roads at night time 
period (11 PM – 4AM).  This has resulted in that few houses were reported to have 
their walls cracked and instances where their fences hit by the hauler long-trucks.  

• Airborne dust generated due to the daily traffic on the village access road to Patuha 
site via these villages, particularly during the dry season. 

 
1  All three villages are located in District of Bandung. 
2  Road construction, training provided to women’s groups, assistance with developing local tourism activities. 
3  Disturbances and damage caused by the regular passage of heavy vehicles in and out of the Patuha site, 
insufficient absorption of local manpower by GDE, and various other issues eg. incomplete status of road 
construction assistance (1.2 km) in Alamendah Village (documented in the Consultations Report) were among them. 
4  See also results of the recent social mapping exercise by GDE. 



 
 

• Surface water availability (spring and stream) used for watering the commodity crops 
(i.e. potato, tomato and vegetables) reduces during the dry seasons. The community 
is curious whether this water reduction may be attributable to GDE operations and its 
future expansion requiring forest clearing. Further, the community also speculates 
whether the water they used for watering the vegetable crops has been impacted as 
the yield of those crops is reducing over time.    

• The community safety may be at risk during the construction phase due to 
mobilization/demobilization of heavy equipment and increased road traffic of project 
vehicles. 

• Bird poaching from the nearby protection forest was revealed in personal discussion 
with few community members and the personnel from the local Perhutani office (stated 
owned forestry company managing the protection forest). This activity is conducted by 
some community members either as a hobby or occasional source of income instead 
of the direct impact due to GDE operation.   

• The representatives from Panundaan ask how GDE will manage its construction 
wastes. Solid waste management in this village and others are reportedly lacking 
associated facilities and services from the local governments. They are concerned that 
if the construction waste are not well managed, it would impact to the ongoing waste 
management issues at Panudaan village, which is well known for its tourism and 
nature based recreational activities.    

 

C. Consultation Results, Dieng 
 

10. Table 2 presents the number of people consulted and gender breakdown of participants 
in each village. 
 

Table 2. Participants of Consultations, Dieng 

Village  Sub-district 

(Kecamatan) 

Regency 
(Kabupaten) 

Total no. of 
participants 

No and (%) of male 
participants 

No and (%) of 
female 
participants 

Dieng Kulon  Batur Banjarnegara 34 25 (74%) 9 (26%) 

Kepakisan Batur Banjarnegara 20 10 (50%) 10 (50%) 

Bakal Batur Banjarnegara 41 38 (93%) 3 (7%) 

Karang 
Tengah 

Banjar Banjarnegara 38 28 (74%) 10 (26%) 

Sikunang Kejajar Wonosobo 22 16 (73%) 6 (27%) 

Pranten Bawang Batang 28 22 (79%) 6 (21%) 

Total   183 139 (76%) 44 (24%) 

 

11. The following section presents a brief context and main issues discussed during the 
consultations. 
12. Social Safeguards. Key concerns raised by participants include: 



 
 

• In general, this was the first occasion of public consultations for each village. The 
response to the consultation was positive. Villagers requested that such consultations 
be continued in the future as a mode of communication, information sharing, 
consultations, and feedback regarding follow-up / resolution of issues raised. Villagers 
affirmed their support for more regular engagement in the future.  

• Residents have received some direct benefits in the form of GDE’s on-going CSR 
programs. However, participants also articulated a list of complaints and took 
advantage of the forum to request various kinds of further assistance from GDE.5   

• Participants conveyed an aspiration for inclusive development - that the local 
community should also progress as GDE progresses (GDE maju, masyarakat maju). 

• Based on agreements made in the past with PT Pertamina, and continued by GDE6, 
unutilized land belonging to GDE was allowed to be cultivated by local farmers. In 
some areas, farmers were allotted 200 square meter (sqm) areas per person to 
cultivate. Farmers accept that this land must be vacated should GDE wish to utilize 
the space. As such, they will not resist handing back the land to GDE. However, they 
requested that they be informed in advance and be given a grace period of 1 year 
(corresponding to two potato harvests) before relinquishing the occupied land. 
Consultation participants also indicated that they hope for GDE to provide them with 
guidance / solutions regarding how to replace this loss in livelihoods. 

• Participants in at least three villages (Dieng Kulon, Karang Tengah, and Sikunang) 
were apprehensive about the prospect of land acquisition impacts and their livelihoods 
and requested land replacement as the preferred form of compensation. If possible, 
they requested that replacement land be larger than the land they lose. In some 
villages (eg. Dieng Kulon), replacement land may not be available (demand far 
exceeds supply) and participants inquired about the possibility of compensation with 
GDE land.7 The possibility of providing cows as an income restoration option was 
raised. Cows would mostly be tethered. These is ample fodder to be collected in the 
area. 

• The 6 hectares of GDE’s land to be used for proposed power plants in Karang Tengah 
Village is rented by 20 persons wit the rental cost amounting to Rp. 30 millions per 
year paid to GDE’s cooperative. This rental fee is much lower than the normal rental 
fee in Dieng. The total number of farm laborer is 30 persons.  It is expected that 
compensation and assistance will be provided to the loss of job and livelihood.  

• According to the village residents, the case of a turbine explosion at the power plant 
in 2015 resulted in damage to the roofs of residents' houses in Sikunang Village due 
to being crushed by fragments of iron material. Iron fragments also fell on the residents' 
fields. There was no compensation given by GDE and the residents did not demand 
compensation. Complaint was also raised by Sikunang residents in connection with 
the installation of steam and injection pipes which limited citizen access to agricultural 
land and resulted in a decline in land prices.  

 

13. Environmental Safeguards. Key concerns raised by participants include: 

• All villages where consultations were conducted complained about the decline of water 
quality since Dieng 1 was operating. They informed that some spring water, especially 
those near drilling wells, are no longer drinkable. The water smells of sulfur and salty 

 
5  See the full Consultations Report for details of participants’ perceived benefits, complaints, hopes and requests.  
6  Managed by KODIPA (GDE’s cooperative body) 
7 The total GDE’ land in Dieng is about 150 hectares consisting of 18 hectares of forestry land with land use permit from 
Ministry  of Forestry and 132 hectares of land owned by GDE.   



 
 

and is getting salty during the dry season. This caused the residents to look for other 
sources of water that were suitable for drinking, which were located farther away from 
the village. Some villages are forced to continue to use the contaminated spring water 
for drinking and worry about the impact on their health. The residents in Sikuangan 
Village took their own water sample to Gajahmada University (UGM) for analysis of 
contamination. They claimed the results showed a positive test for sulfur content. The 
mission was informed that GDE also took samples in the area, but results were not 
out of compliance. 

• The residents and the district Environmental Agency propose to conduct water tests 
in an accredited laboratory and to inform the results openly to the residents. GDE’s 
HSE staff conducted several water quality tests and informed that there was no impact 
on the Dieng 1 operation on water quality and the residents doubted about the results. 

• Two consulted villages complained pollution of wastewater from the Dieng 1 operation 
to the spring water and the field located under the power plant or well which caused 
the vegetable to die.  

• All consulted villages complained about the steam blowing from the Dieng 1 well which 
they claimed resulted in accelerating the corrosion of the zinc roofs as well as objects 
made of iron.  

• In regards to the 2016 well blow-out/leak incident at well 30, residents claimed that the 
case of steam leak has also triggered the emergence of new steam craters around the 
settlements, which will endanger the lives of the residents as well as destroyed wood 
plants in the forests around the wellpad, which caused landslides. 

• The alleged turbine explosion at the power plant in 2015 has resulted in damage to 
the roofs of residents' houses in Sikunang Village due to being crushed by fragments 
of iron material. Iron fragments also fell on the residents' fields.  The residents were 
worried that similar case will occur and asked the Gedipa to guarantee the safety of 
the residents living near the project.  

• A complaint was also raised by Sikunang residents in connection with the installation 
of steam and injection pipes which limited their access to agricultural land and resulted 
in a decline of the land prices. They requested to move the steam pipe installation. In 
the past, at the start of construction, the villagers were informed that the pipe 
installation was temporary and would be moved. However, until now the pipe has 
never been moved.  

• Sikunang residents actually wanted to demonstrate against various problems due to 
Deng 1's operation and their concerns about personal safety.  

• Some residents and the Social Agency are worried about the beauty of Dieng due to 
the many pipe installations. Dieng is a tourist area, the presence of large pipes in many 
places certainly disturbs the beauty and might raise concerns by the tourists. 

• When cleaning the waste pipe is done, often the waste spills on the roadside, while 
the waste contains silica, and this certainly endangers the environment and the health 
of the residents. 

•  Complaints from Karang Tengah’s residents against the installation of the steam pipe 
that closed the drainage channel and caused water from the hill flow into the village 
and cause flooding. Some villages complained that there was no temporary garbage 
disposal in the village and hoped that GDE would help to build a temporary dumping 
place and a car carrying garbage to a landfill. 

• Two villages (Sikunang and Praten) complained about noise, especially at night from 
power plants and hoped that GDE would reduce the noise. 



 
 

• Vibration due to heavy vehicle passing needs attention. Also, the impact on road 
conditions and security, especially children because the road passed by the heavy 
vehicles is very narrow.  

• Some residents stated that there is a possibility Javanese eagles in protected forests 
near Dieng 1 and an impact study on this species is needed. 

• Some residents in Sikuang are concerned about the existence of transmission line to 
the community safety and fertility of the land under the ROW 

• Many village residents have the impression that GDE does not prioritize or treat them 
well, especially in the practice of hiring workers from outside the communities.  
 

14. Suggestions and recommendation by participants to GDE are as follows: 

• GDE together with the communities take the water and soil samples that were 
suspected of being contaminated and bring the samples to the accredited / reputable 
laboratories to get the accurate results and inform the results to the communities. 

• GDE develop a complaint handling mechanism by: i) appointing active staff to visit 
and to communicate with the residents as well as to record / receive complaints from 
citizens to be conveyed to the GDE management for resolution; ii) There is a regular 
meeting between GDE and the residents - as conducted in this safeguard 
consultation for Dieng 2 - to discuss and resolve various issues faced by citizens 

• GDE build a B3 waste disposal site with a good standard and a transport mean to the 
landfills. 

• GDE construct sidewalks, especially on residential areas, so that pedestrian security 
is better maintained. GDE also needs to provide road safety funds because so far, 
the residents have paid the contributions to people who carry out road safety, 
especially near the schools. 

•  GDE provides an opportunity for affected villagers, especially the closest villages to 
work in GDE even as unskilled laborers. 

 
D. List of participants 

 
PATUHA: 
 
Sugih Mukti Village (Monday, 18 March 2019) 
 

1. Lulu K Purnama, Social Worker of Sugih Mukti Village 
2. Sodi, villager 
3. Teddy Berham, villager 
4. Omanis, villager 
5. Rianto, villager 
6. Jaka S., villager 
7. Iin Farlina, villager 
8. Tian Permana, villager 
9. Cepi, villager 
10. Ihsan Kusnawan, villager 
11. Dadang Setya Officer at Office of Industry and Trade, Bandung Regency 
12. Yuyu R, Officer at Office of Industry and Trade, Bandung Regency 
13. Aji K, villager 
14. Sarbini, villager 
15. Kardo, villager 
16. Ijo, villager 
17. Bono, villager 
18. Dasep G, villager 



 
 

19. Adis, villager 
20. Geris, villager 
21. Restya, villager 
22. Jenal Mustopa, villager 
23. Deden Lesmana, villager 
24. E.K Suryana, Village official officer 
25. Sutarli, villager 
26. Suhendi, Majelis Ulama Indonesia (Moslem organization), Kampung Muara 
27. Dedi, villager 
28. Hendra, villager 
29. Kustiwan, villager 
30. Jajang, villager 
31. Cucu, villager 
32. Asih Rohimat, villager 
33. Enak Rahaesi, villager 
34. Cacau, villager 
35. Memed, villager 
36. Sutijah, villager 
37. Wawan Kartiwan, villager 
38. Yoga S, villager 
39. Acep Waryana, villager 
40. Rahmat, villager 
41. Suryani, villager 
42. Maman, villager 
43. Aging, villager 
44. Titin Sumartini, villager 
45. Titi Mulayti, villager 
46. Sutisna, villager 
47. Saiman, villager 
48. Ahmad, villager 
49. Rahmat Hidayat, villager 
50. Nadiah, villager 
51. Koko, villager 
52. Suryati, villager 
53. Anan Angdidi, villager 
54. Turganda, Head of village representative organization 
55. Rini Anggraini, villager 
56. Reni Sundari, Local preschool teacher 
57. Iis Titin, villager 
58. Aep Sucipta, villager 
59. Sam Permana, villager 
60. Jem DS, villager 
61. Yana Is, villager 

 
Alam Endah Village (Tuesday, 19 March 2019) 
 

1. H. Tatang K, Sub Distric Head (Camat) of Rancabolang 
2. Nina H, Village Head of Alamendah 
3. Winarti, Social Workers of Alamendah Village 
4. Tika Wastika, Family Welfare Development (PKK) 
5. Aep Sutri, Head of Security and Order Section, Village of Alamendah 
6. Slamet Maryanto, Forestry Agency of Ciwidey 
7. Agus Supriatna, Villager 
8. Muhammad Syafei, Staff at Environment Office of Bandung Regency 
9. Deddi Baidillah, Staff at Social Agency of Bandunhg Regency 
10. Dadang Ronansyah, Head of Majelis Ulama Indonesia (moslem organization) Alamendah village 



 
 

11. Ahmad Sutisna, staff at village owned enterprise, alamendah village 
12. Otong, Villager 
13. Dede Badrul, Villager 
14. Suhanda, Villager 
15. Dadan Sutrisdan, Villager 
16. Engkom, Villager 
17. Wawan, Villager 
18. Caca Samsan, Villager 
19. A. Purnama, Villager 
20. Ronei R., Villager 
21. I. Dohayi, Villager 
22. Wawan, Villager 
23. Adang R, Villager 
24. Ahmad Codik, Villager 
25. Dudung, Villager 
26. Ohan, Villager 
27. Hanafi, Villager 
28. Dadang M., Villager 
29. Tardiansyah, Villager 
30. Wancahya, Villager 
31. Ade S, Villager 
32. Edin DN, Villager 
33. Paijan, Villager 
34. Asep H, Villager 
35. Endang CM, Villager 
36. Candra, Villager 
37. Ada Wawan, Villager 
38. Dede S, Villager 
39. Tatang Ebet, Villager 
40. Asep, Villager 
41. Wawan Sukmana, Villager 
42. Ridwan Nurdin, Program Keluarga Harapan Officer 
43. Saepul Sidik, Program Keluarga Harapan Officer 
44. Dede H, Villager 
45. A. Hayati, Villager 
46. Hajjah Teti, PKK (women organization) Alamendah 
47. Winati, PKK (women organization) Alamendah 
48. Dodi R., Villager 
49. Kusnawan, , Villager 
50. Ade, Forest Villager Organization (LMDH), Alamendah 
51. Niko Armando, Secretary of Village Head 

 
Panundaan Village (Tuesday, 19 March 2019) 
 

1. Dadan, Villager 
2. Ika S, Villager 
3. Haji Suran, Villager 
4. Atang L, Villager 
5. Ali Muhyidin, Villager 
6. Arip, Villager 
7. Ali, Villager 
8. Supri, Villager 
9. Asep, Villager 
10. Isan, Villager 
11. Melawati, Villager 
12. Nia, Villager 



 
 

13. Endang F, Villager 
14. Wismo, Villager 
15. Oding, Villager 
16. T. Inten, Villager 
17. Jeri, Villager 
18. Widi, Villager 
19. Dendi, Villager 
20. Yuyun, Villager 
21. Rizalfida Miyanti , Villager 
22. Siti Jualeha 
23. Deuis Rusmayanti, Villager 
24. Reni, Villager 
25. Yanti M, Villager 
26. Maryati, Villager 
27. Aan Andiani, Villager 
28. Lina Aliyani, Villager 
29. Sri W. , Villager 
30. Lena , Villager 
31. Tonah TH, LPMD Panundaan Village 
32. Hamdan, Villager 
33. Tintin Kartini, Villager 
34. Saepul Mukmin, Villager 
35. Mastur, Villager 
36. Deni, Villager 
37. Siti Hazani, Villager 
38. Asri N, Villager 
39. Andri, Villager 
40. Damiyanto, Villager 
41. Rahmat, Villager 
42. Chevy, Villager 
43. Acei Tapudin, Villager 
44. Uhep Saepudin, Villager 
45. Nandang, , Villager 
46. Tatang, Villager 
47. Kamaludin, Villager 
48. Iwan H, Villager 
49. Amung, Villager 
50. Asep Budi, Villager 
51. Arvian, Tourism Village Program officer 
52. Hanoa S, Villager 
53. Diki Jainal A , Tourism village program head 
54. AF. Subhan, Villager 
55. Endang Cahya, Villager 
56. Iyan Hardian , Villager 
57. Dodi R, Village Representative Body 
58. Yayu, PKK staff 
59. Gilang P. , Villager 

 
 
DIENG: 
 

Day/Date Village Name Main Counterpart (Name/Title) Number of Participants 
Male Female Total 

Thu, 21 Mar Pranten Syarifuddin / Village Council Head 22 79% 6 21% 28 



 
 

Thu, 21 Mar Kepakisan Khamid Sobar /Village Head 10 50% 10 50% 20 

Fri, 22 Mar Karang Tengah Subagiyo /Village Head 28 74% 10 26% 38 

Fri, 22 Mar Dieng Kulon Slamet Budiono /Village Head 25 74% 9 26% 34 

Sat, 23 Mar Bakal H. Madkha /Village Head 38 93% 3 7% 41 

Sat, 23 Mar Sikunang Nur Amin /Village Head 16 73% 6 27% 22 
   

139 76% 44 24% 183 

 
 
Pranten Village (Thursday, 21 March 2019) 
 

1. Suwignyo, villager 
2. A. Mukholil, villager 
3. Sugeng, villager 
4. Solep, villager 
5. Mahno, villager 
6. Rustanto, villager 
7. Saruken, villager 
8. Udin, villager 
9. Toto, villager 
10. Musonif, village office staff 
11. Sukur, villager 
12. Sudirman, villager 
13. Kamto, villager 
14. Dono, villager 
15. M. Syarifuddin, head of Village Representative Body (BPD) 
16. Turino, Head of Hamlet 
17. Sukasri, Head of Village Planning Section 
18. Rodrigo THW, Staff at BKSDA Central Java 
19. Tri S., Staff at BKSDA Central Java 
20. Gunawan, villager 
21. Mujianto, villager 
22. Rindho, villager 
23. Kong Teni, villager 
24. Sudiyanto, villager 
25. Lasmiati, villager 
26. MIndu, villager 
27. Sutinah, villager 
28. Yunita Masullah, villager 

 
 
 
Kepakisan Village (Thursday, 21 March 2019) 
 

1. Tulus Sugiharto, Staff at Banjarnegara Social Agency 
2. M. Suryanto, Staff at Banjarnegara Environment and Forestry Agency 
3. Siti Nurhidayah, Staff at Banjarnegara Environment and Forestry Agency 
4. Tri S., Staff at BKSDA Central Java 
5. Nasirin, representatives at Village Representative Body (BPD) 
6. Nasrodin, staff at village planning, development and empowerment body (LP3M) 
7. Anang Setiawan, staff at Village Head Office 
8. Muruta Dzirin, staff at Village Head Office 
9. Siti Endahwati, representative from village women organization (PKK) 
10. Indah Pramudianti, representative from village women organization (PKK) 



 
 

11. A. Rozkin, Head of Section at Village Head Office 
12. Hidayatulloh, staff at Village Head Office 
13. Suryanto, staff at Village Head Office 
14. Siti Alkoman, villager 
15. Yuni Widiarsih, representative from village women organization (PKK) 
16. TIka Purnamasari, villager 
17. Marfungah, representative at Village Representative Body (BPD) 
18. Badriyah, villager 
19. Eni M, villager 
20. Hardiyanti R., staff at village women organization (PKK) 
21. Jembar, staff at Banjarnegara regency, department of industry, trade, cooperative and small 

medium enterprise 
 
Karang Tengah Village (Friday, 22 March 2019) 
 

1. Muslihudin, villager 
2. Panto Saran, villager 
3. Muslichan, villager 
4. Arif Ma’mun, villager 
5. Mat Sujito, villager 
6. Nur Amin, villager 
7. Misrudin, villager 
8. Tambah Setyadi, villager 
9. Sukrinah, villager 
10. Zaenal Arifin, villager 
11. Ardian, staff at the village office 
12. Tri Madya, staff at the village office 
13. Mahudin, staff at the village office 
14. Rahayu, villager 
15. Goris, villager 
16. Waljinah, representative from the village women organization (PKK) 
17. Winoto, villager 
18. Purwadi, villager 
19. Listi Naeni, villager 
20. Ruminah, villager 
21. Subagyo, villager 
22. Siti Y, villager 
23. Yadi KH, villager 
24. Gojes, villager 
25. Ali Mustofa, villager 
26. Tulus Sugiharto, staff at Banjarnegara Social Agency 
27. Irhamto, staff at the Banjarnegara Tourism Agency 
28. Hartono, staff at the Banjarnegara Social Agency 
29. Mujir SP, staff at the Banjarnegara Trade Agency 
30. Tulis, staff at the Banjarnegara Trade Agency 
31. Imam, villager 
32. Supriyadi, villager 
33. Aming, villager 
34. Rofik Udin, staff at the Banjarnegara Social Agency 
35. Mukhodin A, villager 
36. Sutinan, villager 
37. Riyanti, staff at the village women organization (PKK) 

 
Dieng Kulon Village (Friday, 22 March 2019) 
 

1. Muhlisin, villager 



 
 

2. Mislom, villager 
3. Sugiyanto, villager 
4. Suparno, villager 
5. Nurmanto, villager 
6. Meno, villager 
7. Abdul Aziz, villager 
8. Haryono, villager 
9. Musakur, villager 
10. Murni, staff at the integrated health service unit (posyandu) 
11. Surtinah, staff at the integrated health service unit (posyandu) 
12. Telino, villager 
13. Hartono, staff at the Banjarnegara Social Agency 
14. Siti Nurhidayah, staff at the Banjarnegara Environment and Forestry Agency 
15. Avlana Lestari, partner of PKH (social aid program) 
16. Rahmat, villager 
17. M Susyanto A Md, staff at the Banjarnegara Environment and Forestry Agency 
18. Rohmat Hidayat, staff at the village office 
19. Agus Pramono, representatives from the Village Representative Body (BPD) 
20. Dinar, villager 
21. Ida Nur, representative from village women organization (PKK) 
22. Nastiti, representative from village women organization (PKK) 
23. Murqona, villager 
24. Nurman, villager 
25. Siti Alfimatun, representative from village women organization (PKK) 
26. Kabul Suwoto, villager 
27. Hanafi Adi Tama, villager 
28. Min Khasanah, villager 
29. Robingah, villager 
30. Samadi, military personnel 
31. Tri S., staff at the BKSDA (natural resources conservation unit) of Central Java 
32. W Nur Hidayat, staff at the village office 
33. Chasanah, staff at the village office 
34. M Isnaini, villager 

 
Bakal Village (Saturday, 23 March 2019) 
 

1. Rofik Udin, staff at the Banjarnegara Social Agency 
2. H Imam N., villager 
3. H Imron, villager 
4. Tamamafi, villager 
5. Mujir SP, staff at the Banjarnegara Trade Agency 
6. H Salafudin, villager 
7. Jember, staff at the Banjarnegara Small-Medium Enterprise unit/agency 
8. M Susyanto A Md, staff at the Banjarnegara Environment and Forestry Agency 
9. Dwiyanto, representatives from the Village Representative Body (BPD) 
10. Ahyarudin, Head of Sub-Village  
11. H Sarinder, villager 
12. A Fatulloh, villager 
13. H. Madkha, Head of Village 
14. Murtadho, villager 
15. Umar, villager 
16. Berudin, villager 
17. Arif, villager 
18. Bonasir, villager 
19. Riyadi, villager 
20. Jumadi, villager 



 
 

21. Muslim, Head of Sub-Village 
22. A Latief, villager 
23. B. Gunawan, villager 
24. Sabar, villager 
25. Habibi A, villager 
26. Z Abidin, villager 
27. Lukman R, Village Secretary 
28. M Wasifah, staff at the village office 
29. Diana Puspa Dewi, staff at the village office 
30. H Munsarif, villager 
31. Nurhadin, villager 
32. M Sutrisno, staff at the village office 
33. Ibnu Abas, villager 
34. Edi Sukur, villager 
35. Yeyen AS, villager 
36. Nurcholis, villager 
37. Muhail, staff at the village office 
38. Horqafat, villager 
39. Slamet Rahmat, representative from local university 
40. Sutrisno, villager 
41. Slamet Wiroto, Head of Sub-Village 
42. Farida, representative from the village women organization (PKK) 

 
Sikunang Village (Saturday, 23 March 2019) 
 

1. Rosim, villager 
2. Taufiq, villager 
3. Surati, representative from the village women organization (PKK) 
4. Fathu Hasanah, representatives from the village youth organization (Karang Taruna) 
5. Misriyah, representative from the village women organization (PKK) 
6. Alimun, representatives from the village youth organization (Karang Taruna) 
7. Trisnowati, villager 
8. Alit, villager 
9. St Mas Saroh, villager 
10. Nugraheni, Village Secretary 
11. Istikomah, staff at the village office 
12. Toha, Head of Sub-Village 
13. Trubus Saretno, staff at the village office 
14. A Rofik, villager 
15. A Nasa’I, representatives from the village youth organization (Karang Taruna) 
16. Rukiyah, villager 
17. Giyanto, villager 
18. Saikhudin, villager 
19. Rochati, villager 
20. Atmulfauzi, villager 
21. Achmad Basir, Head of Sub-Village 
22. Mutohir, villager 

 
 

  



 
 

 

2nd Round of Consultation in Dieng and Patuha with affected people, 
communities, and key stakeholders 

9-17 September 2019 

   

A. Background 
 

1. The second stakeholder consultation were conducted in 6 villages from 11– 13 September 
2019 for Dieng and in 3 villages in Patuha, from 16–17 September 2019. 
2. The structure of both public consultations divided into three sessions: 1) opening sessions; 
2) presentations of key findings and responses; 3) question and answers. Discussion was focus 
on progress has been made after 1st public consultation conducted in March 2019, and share the 
social safeguard finding (environment, social and gender) to the participant to gain their input.  
3. Participants in Dieng included affected community members, representatives of village 
government, community-based organizations (including PKK, Farmer Group, Karang Taruna, 
Bumdes, elderly groups), camat (hear of sub-district government), districts agencies (ATR/BPN, 
Dinas Lingkungan Hidup), GDE headquarters and regional units, the TA consultants, and ADB. 
Discussion conducted with key stakeholders, that include land renters/users, village head, camat 
and communities’ members.  Especially for Desa Karang Tengah the issue more focused on 
resettlement, that involve local government and village government to participate. The meeting 
lead by GDE Unit Project Manager with mixing presentation by GDE and ADB consultant team.  
 

Table 1: Number of Participants in Dieng (11-13 September 2019) 

VILLAGE DAY, DATE & TIME FEMALE MALE TOTAL 

S % S % S 

       
Kepakisan Wednesday, 11 September 2019 – morning  3 14% 19 86% 22 
Sikunang Wednesday, 11 September 2019 – afternoon 10 38% 16 62% 26 
Bakal Thursday, 12 September 2019 – morning 4 14% 24 86% 28 
Dieng Kulon Thursday, 12 September 2019 – afternoon 4 16% 21 84% 25 
Karang Tengah Friday, 13 September 2019 – morning 23 39% 36 61% 59 
Pranten Friday, 13 September 2019 – afternoon 8 44% 10 56% 18 
       

Total  52 29% 126 71% 178 

 

4. Participants in Patuha included affected community members, representatives of village 
government, community-based organizations (including PKK, Farmer Group, Karang Taruna, 
Bumdes, elderly groups), camat (hear of sub-district government), districts agencies (Dinas 
Lingkungan Hidup, and BKSDA), GDE headquarters and regional units, the TA consultants, and 



 
 

ADB. Discussion conducted with key stakeholders, that include land renters/users, village head, 
camat and communities members.   
 

Table 2: Number of Participants in Patuha (16-17 September 2019) 

VILLAGE DAY, DATE & TIME FEMALE MALE TOTAL 

S % S % S 

       
Sugihmukti Monday, 16 September 2019 – morning  20 22% 69 78% 89 
Alam Endah Monday, 16 September 2019 – afternoon 33 52% 30 48% 63 
Panundaan Tuesday, 17 September 2019 – morning 29 43% 39 57% 68 
       

Total  82 37% 138 63% 220 

 
B. Overall consultation findings 

 
5. Overall, the consultations went well. Participants see positive aspects of the consultations. 
Communities have received direct benefit through GDE’s community development program. Most 
concerns are responded to in safeguards assessments; some still require GDE’s attention.  
 

Common issues raised: Dieng   
 

• Most critical: power plant location (Karang Tengah) 
• Social: Opportunities of jobs at GDE, community development programs to the 

communities.  
• Environment: Noise, community risks, water pollution/abstraction, impact during 

construction.   
• Gender: GDE’s support to women. 
• Communication: Project Information, scope and benefit in written. 

 

Common issues raised: Patuha  

• Opportunity to job and business opportunities at GDE, including for women. 
• GDE to provide more sustainable and strategic community development program.  
• Transparency of the program to communities. 
• Dust and noise impacts during construction. 
• Project Information, scope and benefit in written. 

 

C. Social Safeguards: Dieng 
 

6. Participants see positive aspects of the consultations and expected on an going basis 
consultation throughout the project cycle. Written information also requested rather than verbal 
information. One community leader from Pranten said so far communication between GDEs and 
community is formal, and they has been less involved in the village or community events 



 
 

(weddings, religious ceremony etc). Communication was done formally. Further he hope more 
informally approach from GDEs which make local community feel equal and prioritized. 
 

7. Social issues raised by participants partly the same as March consultation 2019, but the 
submission of objection was softer. Some of those concerns/issues have been addressed during 
the consultations and in safeguards plans, but some need to be considered for improvement of 
mitigation measures and require GDEs attention. 
8. All participants in six villages expressed their expectation to involve in the projects as a 
construction labor. They asked GDE prioritize local people/neighboring communities for work at 
GDE and information preference through village offices, not “paguyuban” and various medias. 
This concerns have been included in the RP by providing opportunities to project related jobs not 
only for vulnerable and severely AHs, but will expanded to community in all six villages. GDE’s 
ensure to include provision priority of local people for project related jobs  in the EPC’s contract 
and GDE’s recruitment requirements for Geo Dipa’s jobs and business opportunities. 
9. Training and mentoring on mechanic and welding for youth has been design by GDE’s to 
give more skill which will enable and empower youth to work in non-farming sector, including 
opportunity to work in GDE Dieng unit as skill worker. 
10. Participants in general affirmed that they have received some direct benefits in the form 
of GDE’s on-going CSR, but they expected GDE to continue providing community development 
program: support to education, youth program, waste management and sustainable environment 
development, SMEs training and inputs. One of woman participant from Pranten village said 
SMEs training for improving women skills is better (more sustainable) rather than ‘micro credit” 
program which applied by Dieng 1. This concern has been included in the RP. GDEs need to 
design of sustainable and strategic community development program with gender perspective as 
part of GDE’s PKBL/CSR  and disclose it on communities Patuha. 
11. Decreasing of drinking water quality (potential contamination) and reduce of water supply 
during dry season was articulated at potential concern by participants from Kepakisan, Sikunang, 
Dieng Kulon and Pranten. Participants from Bakal Village worried their water resource (spring) 
located near a new well will be contaminated. They asked further assessment on this issue. 
12. All participants worried about damages during project construction, learning from the case 
of Dieng 1 which according to consultees were not repaired properly. Written agreement on 
compensation for damaged or lost assets/public facilities during project construction was 
requested by Bakal and Karang Tengah community. Entitlements for impacts during project 
construction have been included in the RP GDEs need to emphasized this obligation in the project 
contractor’s contract. 

 

D. Social Safeguards: Patuha 
 

13. All participants supported the project. Issues raised by local communities from the three 
villages affected by project are similar which was related to opportunity to work in the project, 
continue of community development program and concerns on the impact during construction. 
14. GDE is requested to prioritize neighboring communities, especially youth group for 
working at GDE both during construction and operation as well. There are many local youth 
communities have skill because they have technical vocational high school background. Head of 



 
 

Sugihmukti Village expected information regarding job opportunity preference through village 
offices or “RW”.  
15. Response to this request, GDE said  that the expectation is in line with the GDE Unit 
Patuha management policy, and have been applied for Patuha 1. Many local communities works 
in Patuha 1 as a skill worker. Communities recognized GDE’s support to the community 
development and expected GDE to continue providing community development program. The 
program be provided to village office or Bumdes. CDP include economic empowerment, local art 
empowerment, opportunities for communities as sub-contractor for GDE, support village 
infrastructure program. Response to this request, GDEs commit to continue implementing 
community development program that will pay attention to communities need, but in another hand 
GDE’s program is limited and will  support the program based on priority.  
16. Heavy equipment access will use the existing road along the three villages. Learnt from 
the case of Patuha I, all participants expressed their worries on increasing noise and dust during 
construction. Some participants asked the GDE to mitigate by avoiding mobilization during night 
time, but many of them also asked compensation due to noise disturbance. They asked 
compensation not only given to community along the access road (as what ever done in Patuha 
1) but to all villagers proportionally. 
 

E. Environment Safeguards: Dieng  
 

17. Key environmental issues and concerns raised by the participants at the Public 
Consultation of  Dieng Unit 2 development are noted below. The participants of Bakal and Karang 
Tengah are generally more curious and indicated higher level of concerns due to the future 
development of Dieng Unit 2 in Karang Tengah compared to those of Dieng Kulon, Pranten, 
Sikunang, and Kepakisan who are gradually accustomed to the existing operation of Dieng Unit 
1. The environmental issues and concerns shared among these villages are as follows:   

• Inconsistent delivery of project information related to Dieng Unit 2.  
• They expected an MOU between GDE and the village government as a form of 

commitment that would uphold the community’s rights to seek compensation if the project 
causes environmental deterioration and disturbance to the community such as elevated 
noise level,  frequent H2S smell and exposure from the gas emitted from the rock muffler, 
and saline water in the community’s wells.   

• The community representatives are still curious whether the operation of Dieng Unit 1 has 
caused accelerated corrosion of the galvanized zinc roof used by many houses in the 
area. Further, the wonder if Dieng Unit 2 may also cause this problem. 

• Request for trash bins for the houses and supports for training and equipment for solid 
waste composting in the light of district government service on solid waste management.     

• Overflow from brine water ponds that could result in soil erosion and uncontrolled drainage 
to crop farming areas in the proximity.  

• GDE and/or its contractors to be mindful about muddy and dusty road caused by the 
vehicles entering and exiting the well pads and community safety within the proximity of 
school and market to avoid collision between vehicles and people.  

• The participants wonder if exposure to H2S gas and emission from the rock muffler may 
cause health effects 

• Perceived risks that GDE operation has resulted in reduced water flow of the river and 
community’s wells particularly during the dry season.  

• Reparation or replacement of public facilities such as road and properties such as clean 
water pipeline damaged by the project.  



 
 

 
18. The environmental issues and concerns specific to future Dieng Unit 2 projects and raised 
by the public consultation participants from Karang Tengah and Bakal villages, are as follows:  

• Setulu, Sedendam, and Siranti springs are reported by the community representatives as 
the main clean water sources for the household and farming activities. There is a 
perceived risk that the construction and operation of Dieng Unit 2 at Karang Tengah village 
would impact availability and quality of these springs as it is in their perception these water 
sources flow underneath the Karang Tengah village.   

• One of the land renter coordinator (Mr Nasrullah) at the GDE’s owned land (ex-mess PLN) 
indicated his objections that the Dieng Unit 2 will be constructed at this particular site.  
Concerns over what the safe distance (buffer zone) between the future Dieng Unit 2 and 
the nearest residential areas at Karang Tengah should be.  

 

F. Environment Safeguards: Patuha  
 

19. Key environmental issues and concerns raised by the participants at the Public 
Consultation of Patuha Unit 2 development are noted below. The participants of all three villages, 
i.e., Sugih Mukti, Panundaan, and Alam Endah shared similar environmental issues and concerns 
as follows:   

• Patuha Unit 2 activities should be aligned with the requirements of the approved ANDAL 
and RKL-RPL (2010). 

• Community’s unawareness of the Company’s emergency response, handling and 
communication system in the event of toxic gas/H2S release and other emergency 
situations. 

• Mobilization/demobilization of heavy vehicles and equipment at night time is avoided as 
not to cause disturbance to the residents living in the proximity of the access road from/to 
the main Ciwidey road to GDE’s project sites; and if this activity must be conducted at 
night time, the community expects a fair compensation.  

• All sections of the access road to GDE’s project site to reduce airborne dust.  
• Water spraying should be conducted during dry season to reduce airborne dust. 
• Community safety on the road should be prioritized by providing “zebra cross’ and signage 

near the school and mitigation to avoid collision between vehicles and heavy equipment 
with the community and minimizing public and private property damages. 

• Reparation or replacement of public facilities such as road and properties such as clean 
water pipeline damaged by the project.  

 

20. No environmental issues were noted as specific to individual villages.  
 

G. Attendance Sheets 
 

21. Refer to attached scanned attendance sheets.  























































Appendix 2 
 

“Chance Find” Procedures for Physical 
Cultural Resources 

  



“Chance Find” Procedures for Physical Cultural Resources 
 

1.0 Introduction 
 
1. Consistent with Law No. 11 of 2010 on Conservation of Cultural Property, these procedures 
aim to provide guidance on the measures and/or actions to be done in case an accidental 
discovery or chance find, or an encounter with a physical cultural resource (PCR)1 occurred during 
the construction phase of Patuha Unit 2. These procedures will help identify and promote the 
preservation, protection, recovery and recording of any PCR that may be discovered or exposed 
during excavation of foundation works, other earthmoving works, and ground alteration (where 
required). 
 
2. These chance find procedures will be finalized (if needed) as part of the overall Construction 
Management Plan to be required by the PMU to their Contractors or may be adopted into the 
HSE Standard Operating Procedures by GDE. The Ministry of Education and Culture, the 
Provincial or Regency/municipal Cultural Conservation Office, or the Bandung Heritage Society 
can assist in providing technical support in finalizing the procedures. 
  
2.0 Orientation and/or Briefing of Workers 
 
3. The Contractor(s), with technical support from the respective Cultural Conservation Office 
or from the Bandung Heritage Society together with PMU will conduct an orientation/awareness 
training for all workers, particularly those who will be involved in earth movements and excavation 
on how to recognize artifacts that they may potentially encounter or discover. The Contractor(s) 
will be responsible for creating awareness to construction workers and staff on the government 
and ADB requirements for any unanticipated impacts such as discovery of a PCR.  
 
4. Given that the locations, where earthmoving works will be required are not officially known 
to be archeologically-sensitive, chance find may be remote.  However, as a precautionary 
measure, Contractor(s) need to be made aware of the chance find procedures and the 
requirements of the government and ADB in this regard.  
 
3.0 Procedures  
 

3.1 General 
 

5. In case a PCR was encountered during excavation, construction activities including traffic 
within a 30.5-meter radius in the area will be stopped immediately by the Contractor(s).  The 
discovery will be reported by the site engineer or representative of the Contractor to the Patuha 
HSE staff.  The site or area discovered will be marked or demarcated using a global positioning 
system (GPS) unit to determine the exact coordinates and photographs will be taken.  The 
construction supervision staff from the Contractor and the Patuha HSE staff site will secure the 
site to prevent damage, loss or pilferage of removable objects. The site engineer of PMU will be 

 
1 ADB SPS 2009 defines physical cultural resources as, “movable or immovable objects, sites, structures, groups of 

structures, and natural features and landscapes that have archaeological, paleontological, historical, architectural, 
religious, aesthetic, or other cultural significance. Physical cultural resources may be located in urban or rural 
settings and may be above or below ground or under water. Their cultural interest may be at the local, provincial, 
national, or international level. 



responsible for coordinating with the Provincial or Regency/municipal Cultural Conservation 
Office. 
 
6. If the encounter involves removable items, a security person will be posted until the 
government representative arrives to assess and determine its value. The government staff will 
be responsible in determining the appropriate course of action.  Further excavation or earth 
moving works may be conducted at the distance and demarcation area recommended by the 
government cultural conservation staff.   
 
7. If the chance find will have significant cultural value, this may entail consequent changes in 
the lay-out particularly if the discovery is considered or assessed as remains of cultural or 
archeological importance that is not removable. 
 
8. The Contractor(s) will not be entitled for compensation due to work stoppage as a result of 
the discovery and its associated subsequent actions. 
 

3.2 Assessment and Recovery 
 

9. Appropriate heavy equipment such as wheel loader will be made available to recover the 
excavated material from the excavation site to allow the geologist onsite (if any) or the government 
cultural conservation staff to inspect, recover or conduct sampling.  A safe storage area will be 
provided to protect the discovered object.  If the chance find is part of a large artifact, deposit or 
structure, the inspection or recording will include photography and video on an "as-is, where is" 
manner. The exact location will be recorded using a GPS unit. 
 

3.3 Resumption of Work 
 

10. The Contractor(s) can continue with excavation and construction works within the affected 
area only after the government cultural conservation staff has given clearance.  All the discovered 
objects of value will be given to the government.  
 
4.0 Reporting  
 
11. The Contractor(s) with technical support from Patuha HSE staff will prepare a “Chance Find” 
Report within 5 working days showing the date and time of discovery, specific location, description 
of the PCR, and interim protection measures implemented.  This Report will be submitted to the 
PMU who will provide the same to the Ministry of Education and Culture or appropriate 
government agency. The chance find including measures on how it was dealt with will be included 
in the semi-annual environmental monitoring reports submitted to ADB. 

  



Appendix 3 
 

H2S Safety Technical Specification 
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Air Quality Dispersion Modeling 
(a) Patuha 
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Symbols   
u* friction velocity 

L Monin-Obukhov length 

w* convective velocity scale 

q* temperature scale 

zi mixing height 

H surface heat flux 

u wind speed 

sv, sw lateral and vertical turbulent fluctuations 

dq/dz potential temperature gradient 

q potential temperature 

xr , yr the receptor’s location 

zr its height above mean sea level 

hc the receptor specific terrain height scale 

CT{ xr, yr, zr} the total concentration 

Cc,s { xr, yr, zr} the contribution from the horizontal plume state 

Cc,s { xr, yr, zp} the contribution from terrain-following state 

f the plume state weighting function 

{ xr, yr, zr} the coordinate representation of a receptor (with zr defined relative to stack base elevation) 

zp zp=zr-zt is the height of a receptor above local ground, and zt is the terrain height at a receptor 

Q source emission rate 

Py and Pz probability density functions (pdf) which describe the lateral and vertical concentration 
distributions 

w vertical velocity 

Fz non-Gaussian vertical concentration distribution 

Dhi plume rise 

fp the calculated fraction of the plume mass trapped in the CBL 

µg microgram (metric system), equal with one millionth (1×10−6) of a gram 
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1 Outline of the Project 

1.1 Background 

The Asian Development Bank’s Country Operations Business Plan for 2018-2020 aims to support 

the Government of Indonesia to achieve higher levels of pro-poor sustainable growth and to 

enhance social development. With an estimated 29,000 megawatt (MW) of potential in geothermal 

power generation, Indonesia has about 40% of the world’s geothermal reserves, making it an 

important resource for the country to achieve its commitments to reduce carbon dioxide emissions 

by 29% by 2030.  

 

The proposed Geothermal Power Development Project will provide financing for expanding 

geothermal power generation and will have two subprojects, including Patuha 2. The Patuha 2 

subproject will result in an increase in geothermal electric generating capacity by 59 MW through 

the following project components: (i) drilling of new wells for geothermal fluid production and 

reinjection, (ii) construction of fluid collection and reinjection systems, (iii) power plant, and (iv) 

transmission interconnection systems. 

1.2 Objective and Purpose of the Assignment 

The purpose of the assignment is to conduct air quality dispersion modeling for the proposed 

additional geothermal power generation units in Patuha. The modeling tools and approach are 

based on international best practices and recommended or developed by organizations such as the 

US Environmental Protection Agency and the like to address regulatory modeling requirements.  

 

These assessments will determine the contribution of the additional units in relation to the existing 

geothermal power generation units in Patuha (Unit 1, 55 MW which started commercial operation 

in 2014) to ensure that project contribution and cumulative impacts will meet the national 

regulations, the Safeguard Policy Statement (SPS) 2009 of Asian Development Bank (ADB), the 

relevant International Finance Corporation-World Bank Group's Environmental, Health and Safety 

Guidelines (IFC-WBG EHS Guidelines) 2007, and other relevant international guidelines such as 

World Health Organization (WHO). 

1.3 Scope of Work 

The scope of work will cover the modeling of ambient air quality primarily on hydrogen sulfide (H2S) 

of the proposed geothermal power plant in Patuha, West Java. For ambient air quality modeling, 

factors that influence the concentration of pollution, i.e. emission sources, atmospheric and 

climate conditions, and environment surrounding the receptors shall be considered.  Atmospheric 

dispersion model to be applied is internationally recognized to estimate potential impact to the 

airshed taking into consideration the location of potentially affected communities and prevailing 

wind directions.  
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2 METHODOLOGY 
The air dispersion model for this project was undertaken using the ISC AERMOD VIEW (AERMOD) 

as the main software, and several supporting commercial software such as WRPLOT View (for wind 

data processing), MM5 (for meteorology data processing), AERMET (meteorological preprocessor 

which prepares hourly surface data and upper air data for AERMOD), and AERMAP (for terrain data 

processing). Those supporting software play important roles in preprocessing input data for 

AERMOD. 

 

 

2.1 ISC-AERMOD View  
AERMOD is a second-generation steady state plume model that incorporates air dispersion based 

on planetary boundary layer turbulence structure and scaling concepts. It also can model complex 

terrain. Specifically, it is a near field, steady-state guideline air dispersion model that uses 

boundary-layer similarity theory to define turbulence and dispersion coefficients as a continuum, 

rather than as a discrete set of stability classes. Variation of turbulence with height allows a better 

treatment of dispersion from different release heights compared to Gaussian dispersion models 

such as ISCST. Also, dispersion coefficients for unstable conditions are non- Gaussian, to represent 

the high concentrations that can be observed close to a stack under convective conditions.  

 

Figure 2.1 shows the flow and processing of information in AERMOD. The modeling system consists 

of one main program (AERMOD) and two pre-processors (AERMET and AERMAP). The major 

purpose of AERMET is to calculate boundary layer parameters for use by AERMOD. The 

meteorological INTERFACE, internal to AERMOD, uses these parameters to generate profiles of the 

needed meteorological variables. In addition, AERMET passes all meteorological observations to 

AERMOD. 

 

Figure 2.1. Data Flow in the AERMOD Modeling System 
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2.1.1 AERMOD Meteorological Processor (AERMET) 

One of the major improvements that AERMOD brings to applied dispersion modeling is its ability 

to characterize the Planetary Boundary Layer (PBL)1 through both surface and mixed layer scaling. 

AERMOD constructs vertical profiles of required meteorological variables based on measurements 

and extrapolations of those measurements using similarity (scaling) relationships. Vertical profiles 

of wind speed, wind direction, turbulence, temperature, and temperature gradient are estimated 

using all available meteorological observations. The AERMET program is a meteorological 

preprocessor which prepares hourly surface data and upper air data for use in the AERMOD short-

term air quality dispersion model. AERMET was designed to allow for future enhancements to 

process other types of data and to compute boundary layer parameters with different algorithms.  

AERMET processes meteorological data in three stages and from this process two files are 

generated for use with the AERMOD model:  

1.  A Surface File of hourly boundary layer parameters estimates;  

2. A Profile File of multiple-level observations of wind speed, wind direction, temperature, and 

standard deviation of the fluctuating wind components.  

Flow sheet depicting the AERMET processing stages is shown in Figure 2.2. 

 

 

Figure 2.2. AERMET Processing Stages  

 

Surface characteristics in the form of albedo2, surface roughness and Bowen ratio3, plus standard 

meteorological observations (wind speed, wind direction, temperature, and cloud cover), are input 

to AERMET. AERMET then calculates the PBL parameters: friction velocity (u*), Monin-Obukhov 

length (L), convective velocity scale (w*), temperature scale (q*), mixing height (zi), and surface heat 

flux (H). These parameters are then passed to the INTERFACE (which is within AERMOD) where 

 
1 Planetary Boundary Layer (PBL) or Atmospheric Boundary Layer: the bottom layer of the troposphere that is in contact 
with the surface of the earth. 
2 Albedo: the fraction of the incident sunlight that is reflected 
3 Bowen ratio: the ratio of heat used for "Sensible Heat" (conduction and convection) to heat used for "Latent Heat" 

(vaporization of water) expressed in percent.  
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similarity expressions (in conjunction with measurements) are used to calculate vertical profiles of 

wind speed (u), lateral and vertical turbulent fluctuations (sv, sw), potential temperature gradient 

(dq/dz), and potential temperature (q ). 
 

AERMET defines the stability of the PBL by the sign of H (convective for H > 0 and stable for H < 0). 

Although AERMOD is capable of estimating meteorological profiles with data from as little as one 

measurement height, it will use as much data as the user can provide for defining the vertical 

structure of the boundary layer. In addition to PBL parameters, AERMET passes all measurements 

of wind, temperature, and turbulence in a form AERMOD needs. The flow how AERMET estimates 

th PBI parameters is depicted in Figure 2.3.  

 

 

 

 

 

 

 

 

 

 

 
 

 
 
 

Figure 2.3. Flow of AERMET Estimating PBL Parameters 

 

 
2.1.2 AERMOD Terrain Preprocessor (AERMAP) 

Using a relatively simple approach, AERMOD incorporates current concepts about flow and 

dispersion in complex terrain. Where appropriate the plume is modeled as either impacting and/or 

following the terrain. This approach has been designed to be physically realistic and simple to 

implement while avoiding the need to distinguish among simple, intermediate and complex terrain, 

as required by other regulatory models. As a result, AERMOD removes the need for defining 

complex terrain regimes. All terrain is handled in a consistent and continuous manner while 

considering the dividing streamline concept (Snyder et al., 1985) in stable stratified conditions. 

The AERMIC terrain pre-processor AERMAP uses gridded terrain data to calculate a representative 

terrain-influence height (hc), also referred to as the terrain height scale. The terrain height scale hc, 

which is uniquely defined for each receptor location, is used to calculate the dividing streamline 

Aermet calculate PBL parameters: 
CBL 

Surface heat flux (H) 
Friction velocity ( ) 

Monin obukhov length (L) 
Convective velocity scale ( ) 

Mixing height (zi) 
 

SBL 
Surface heat flux (H) 
Friction velocity ( ) 

Temperature scale ( ) 
Monin obukhov length (L) 

Convective velocity scale ( ) 
Mixing height (zi) 

 
 

Input for AERMET: 
Albedo 
Bowen ratio 
Surface roughness (zo) 
Wind speed 
Wind direction 
Temperature 
Cloud cover 
 

Aermet further calculate: 
Vertical profile of wind speed 
Lateral and vertical turbulent fluctuations (sv, sw) 
Potential temperature gradient (dq/dz) 
Potential temperature (q) 
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height. The gridded data needed by AERMAP is selected from Digital Elevation Model (DEM) data. 

AERMAP is also used to create receptor grids. The elevation for each specified receptor is 

automatically assigned through AERMAP. For each receptor, AERMAP passes the following 

information to AERMOD: the receptor’s location (xr , yr), its height above mean sea level (zr), and 

the receptor specific terrain height scale (hc). 

 

 

2.1.3 AERMIC Dispersion Model (AERMOD) 

AERMOD is a steady-state plume model, which assumes that concentrations at all distances as a 

modeled hour which are governed by the temporally averaged meteorology of the hour. The steady 

state assumption yields useful results since the statistics of the concentration distribution are of 

primary concern rather than specific concentrations at particular times and locations. 

 

In the stable boundary layer (SBL)4, AERMOD assumes the concentration distribution to be 

Gaussian in both the vertical and horizontal. In the convective boundary layer (CBL)5, the horizontal 

distribution is also assumed to be Gaussian, but the vertical distribution is described with a bi-

Gaussian probability density function (pdf). This behavior of the concentration distributions in the 

CBL was demonstrated by Willis and Deardorff (1981) and Briggs (1993). Additionally, in the CBL, 

AERMOD treats “plume lofting,” whereby a portion of plume mass, released from a buoyant source, 

rises to and remains near the top of the boundary layer before becoming mixed into the CBL. 

AERMOD also tracks any plume mass that penetrates into the elevated stable layer, and then allows 

it to re-enter the boundary layer when and if appropriate. For sources in both the CBL and the SBL 

AERMOD treats the enhancement of lateral dispersion resulting from plume meander. 

 

In general, AERMOD models a plume as a combination of two limiting cases: a horizontal plume 

(terrain impacting) and a terrain-following plume. Therefore, for all situations, the total 

concentration, at a receptor, is bounded by the concentration predictions from these states. In flat 

terrain the two states are equivalent. By incorporating the concept of the dividing streamline 

height, in elevated terrain, AERMOD’s total concentration is calculated as a weighted sum of the 

concentrations associated with these two limiting cases or plume states (Venkatram et al. 2001). 

 

The general concentration equation, which applies in stable or convective conditions is given by: 

 

Eq. 1 

 

where CT{ xr, yr, zr} is the total concentration, Cc,s { xr, yr, zr} , is the contribution from the horizontal 

plume state (subscripts c and s refer to convective and stable conditions, respectively), Cc,s { xr, yr, 

 
4 Stable Boundary Layer (SBL): a cool layer of air adjacent to a cold surface of the earth, where temperature within that 
layer is statically stably stratified. 
5 Convective Boundary Layer (SBL): a type of atmospheric boundary layer characterized by vigorous turbulence tending 
to stir and uniformly mix, primarily in the vertical, quantities such as conservative tracer concentrations, potential 
temperature, and momentum or wind speed. 
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zp}  is the contribution from terrain-following state, f is the plume state weighting function, { xr, yr, 

zr} is the coordinate representation of a receptor (with zr defined relative to stack base elevation), 

zp=zr-zt is the height of a receptor above local ground, and zt is the terrain height at a receptor. 

Figure 2.4 illustrates the relationship between the actual plume and AERMOD’s characterization of 

the actual plume. 

 

  

Figure 2.4. AERMOD Two State Approach. 

(The total concentration predicted by AERMOD is the weighted sum of the two extreme 

possible plume states). 

 

The general form of the expressions for concentration in each term of eq. 1 for both the CBL and 

the SBL can be written as follows 

 

 

Eq. 2 

 

here Q is the source emission rate, u is the effective wind speed, and Py and Pz are probability 

density functions (pdf) which describe the lateral and vertical concentration distributions, 

respectively.  

 
Concentration Predictions in the CBL 
In AERMOD, the dispersion formulation for the convective boundary layer (CBL) represents one of 

the more significant model advances by comparison with existing regulatory models. One assumes 

that plume sections are emitted into a traveling train of convective elements – updrafts and 

downdrafts - that move with the mean wind. The vertical and lateral velocities in each element are 

assumed to be random variables and characterized by their probability density functions (pdf). The 

mean concentration is found from the pdf of the position of source-emitted “particles”; this 

position pdf in turn is derived from the pdf of the lateral and vertical velocities as described by Weil 

et al. (1997); also see Misra (1982), Venkatram (1983), and Weil (1988a). 
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In the CBL, the pdf of the vertical velocity (w) is positively skewed and results in a non-Gaussian 

vertical concentration distribution, Fz (Lamb 1982). The positive skewness is consistent with the 

higher frequency of occurrence of downdrafts than updrafts; for an elevated non-buoyant source 

the skewness also leads to the decent of the plume centerline, as defined by the locus of maximum 

concentration (Lamb 1982; Weil 1988a).  

 

Figure 2.5 presents a schematic representation of an instantaneous plume in a convective 

boundary layer and its corresponding ensemble average. The base concentration prediction in 

AERMOD is representative of a one-hour average.  

 

 

Figure 2.5. Instantaneous and Corresponding Ensemble-Averaged Plume in the CBL 

 

The direct transport of plume material to the ground is treated by the “direct” source located at 

the stack. That is, the direct source treats that portion of the plume’s mass to first reach the ground, 

and all subsequent reflections of the mass at z = zi and 0 (where zi is the mixed layer height in the 

CBL (Cimorelli et al., 2004).  

 

For plume segments or particles initially rising in updrafts, an “indirect” or modified-image source 

is included (above the mixed layer) to address the initial quasi-reflection of plume material at z = 

zi, i.e., for material that does not penetrate the elevated inversion. This source is labeled “indirect” 

because it is not a true image source (i.e., as is found in models such as ISC) - the plume is not 

perfectly reflected about zi. Thus, the indirect source treats that portion of the plume’s mass that 

first reaches zi and all subsequent reflections of that particular mass at z = 0 and zi,  

 

For the indirect source, a plume rise (Dhi) is added to delay the downward dispersion of material 

from the CBL top (see Figure 2.6); this mimics the plume’s lofting behavior, i.e., the tendency of 
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buoyant plumes to remain temporarily near zi and resist downward mixing. For non-buoyant 

sources the indirect source reflection at z = zi. Additionally, a “penetrated” source or plume (above 

the CBL top) is included to account for material that initially penetrates the elevated inversion but 

is subsequently reentrained by and disperses in the growing CBL. 

 

 

Figure 2.6. AERMOD’s Three Plume Treatment of the CBL 

 

In line with the above concepts there are three main mathematical sources that contribute to the 

modeled concentration field: 1) the direct source (at the stack), 2) the indirect source, and 3) the 

penetrated source. The strength of the direct source is fpQ where Q is the source emission rate and 

fp is the calculated fraction of the plume mass trapped in the CBL (0 £fp  £1). Likewise, the indirect 

source strength is fpQ since this (modified image) source is included to satisfy the no flux boundary 

condition at z = zi for the trapped material. The strength of the penetrated source is (1- fp)Q, which 

is the fraction of the source emission that initially penetrates into the elevated stable layer. In 

addition to the three main sources, other image sources are included to satisfy the no-flux 

conditions at z = 0 and zi. 

 

In AERMOD, the total concentration (Cc) in the CBL is found by summing the contribution from the 

three sources. For the horizontal plume state, the Cc is given by  

 

 
Eq. 3 

 

where Cd, Cr, and Cp are the contributions from the direct, indirect and penetrated sources, 

Following Weil et al. (1997), the concentration due to the direct plume is given by: 

 

 

Eq. 4 
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The concentration due to the indirect source is calculated from: 

 

Eq. 5 

 

For the penetrated source the concentration expression has a Gaussian form in both the 

vertical and lateral directions. The concentration due to this source is given by: 

 

Eq. 6 

 

 
Concentrations Prediction in the SBL 

For stable conditions, the AERMOD concentration expression has the Gaussian form, and is similar 

to that used in many other steady-state plume models (e.g., HPDM (Hanna and Paine 1989)). The 

Cs is given by: 

 

Eq. 7 

 

where zieff is the effective mechanical mixed layer height, Fzs is the total vertical dispersion in the 

SBL and hes is the plume height (i.e., stack height plus the plume rise). 

 

 

2.2 WRPLOT View 
WRPLOT View is a Windows program that generates wind rose statistics and plots for several 

meteorological data formats. A wind rose depicts the frequency of occurrence of winds in each of 

the specified wind direction sectors and wind speed classes for a given location and time period. 

 

 
 

Figure 2.7. WRPLOT View Windows 
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2.3 MM5 Modeling at Lakes Environment 

Since it is difficult to have the hourly meteorological data for AERMOD from surface station in 

Indonesia, the meteorological data were derived from Lakes Environment (www.weblakes.com).   

Lakes Environmental generates the surface met file in SAMSON format and the upper air met file 

in TD-6201 format using MM5 software. The MM5 modeling focuses on generating high resolution 

meteorological data with the objective of gathering enough information to create AERMOD 

meteorological input files. 

 

MM5 (5th-generation Mesoscale Model) is a prognostic meteorology model developed by 

Pennsylvania State University and the U.S.  National Center for Atmospheric Research (NCAR).   The 

model is a limited-area,  non-hydrostatic,  terrain-following  sigma-coordinate  model  designed  to  

simulate  or  predict  mesoscale  and  regional-scale atmospheric circulation.  MM5 was primarily 

developed using FORTRAN coding, and is still widely used as a community model even though 

formal development of the model has ended. MM5 cannot directly use conventional 

meteorological data from airport reports.  Instead, the model uses objective analysis of global 

weather reports. Objective analysis is a process of analyzing the observed data and outputting them 

into a regular grid. The meteorological field is “balanced” to take account of the energy and 

momentum equations of the atmosphere.  These objective analyses are products of global models, 

which are maintained by national weather centers or federal agencies such as UKMO  (United  

Kingdom  Meteorological  Office)  or  NCEP  (National  Center  for  Environmental  Protection). The 

NCEP reanalysis has a resolution of 2.5 degrees by 2.5 degrees for the entire globe, given every 6 

hours. The reanalysis data incorporates global weather data.  Figure 2.8 presents an example for 

the Great Lakes region of North America.  The station numbers in the figure below show which 

weather stations were used for the reanalysis data.  Note that these stations do not directly provide 

the data used  for  MM5  output;  they  serve  as  input  into  the  MM5 model.   
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Figure 2.8. Sample MM5 domain with meteorological stations 

 

 

2.4 Working Procedure 

The working procedure can be briefly described as follows: 

1. All necessary data were collected to run the dispersion model as well as for model analysis  

2. Quality control and quality assurance of collected data were carried out, in order to get a 

reliable data for model data input 

3. Running software for meteorological data using AERMET View  

4. Running software for statistical presentation of meteorological data using WRPLOT View 

5. Running software for topographical map generation by AERMAP 

6. Running software for gas dispersion using ISC-AERMOD View  

7. Interpretation and analysis of model dispersion output in the form of isopleth maps 

8. Developing conclusions and recommendations 
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3 ASSUMPTIONS AND LIMITATION 
 

The atmospheric dispersion depends on many interrelated factors, e.g. physical and chemical 

nature of effluents, meteorological characteristics of the environment, location of the source 

with relation to obstructions to air motion, and nature of the terrain downwind from the 

sources.  

 
 
 

3.1 Modeling Domain and Receptor Grid 

 

The selection and location of the model domain and receptor network are important in determining 

the maximum impact from an emission source and the area where there is a significant impact on 

the surrounding air quality. A modeling domain is the geographical bounds of the area to be 

modeled. The modeling domain should be designed so that all major upwind source areas that 

influence the downwind are included in the modeling domain. The influence of boundary 

conditions should be minimized to the extent possible, and in most cases the modeling domain 

should be large enough to allow the use of clean or relative clean boundary condition. Based on 

the site condition, 17.9 km x 10.6 km domain was selected for Patuha, as depicted in Figure 3.1. 
 

Receptors are specific locations, set up in air quality dispersion models, where ambient 

concentration estimates are needed. If the model is being used to conduct an air quality analysis 

for regulatory purposes, it is important to identify the extent and frequency of the highest 

concentrations for the averaging time. Because the model run time increases with the number of 

receptors added, if too many receptors are added, then the model could take a long time to run. 

For this air dispersion model the receptor grid in the form of uniform cartesian grid was defined to 

be approximately 860 m x 520 m spacing grid (21 x 21 points over 17.9 km x 10.6 km domain, which 

equals to 441 receptors). Additional 5 receptors were added as the discrete cartesian receptors for 

the ambient air quality locations in the modeling domain (see Table 3.1).  The predicted ambient 

concentrations for all these receptors were automatically generated by the model. All receptor 

points are plotted over the modeling domain as shown in Figure 3.1.



  18 

 
Figure 3.1. Modeling Domain for Patuha
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Table 3.1. Locations of Discrete Receptors 
 

No.  Location Coordinate (UTM) 
X Y 

1 Kampung Citiwu 769341,95 9212837,23 
2 Desa Alamendah 767136,27 9210973,31 
3 Kampung Cibodas 767552,74 9210651,38 
4 Kampung Gendeng 769607,71 9205410,98 
5 Kampung Babakan 766930,04 9204785,06 

 
 
 
3.2 Topographic Data 
 
The complex terrain of the modeled area may influence the results of modeling, both for the 
magnitude of concentrations and the dispersion direction. The structure and orientation of 
terrain features (such as trees, hills and valleys) often influence and even control air motion 
(wind speed and direction) and mechanical turbulence in the lower atmosphere. At the local 
level, there might be some additional circulations which also play a significant role in the 
dispersion and transport of pollution. These local circulations arise largely because of pressure 
gradients that are driven by temperature differences caused by uneven surface heating and 
differences in topography. In some cases, these local winds can be more important than the 
large-scale wind systems, includes the topographically-induced winds which develop in areas of 
complex terrain.  
 
Hills can also effectively reduce the vertical distance within which atmospheric dispersion takes 
place. An isolated hill causes winds to be squeezed over the top and around the sides of the hill 
so that the wind is accelerated on the upwind side. In the lee of the hill, winds reduce in speed 
and are often very turbulent. Topography can also channel winds through narrows gaps and 
cause an increase in wind speed, and after leaving the constriction the winds slow down. 
 
The topographical data for the modeled area was derived from www.webgis.com in the form of 
the Shuttle Radar Topography Mission (SRTM) data. The SRTM data are divided into one by one-
degree latitude and longitude tiles in "geographic" projection. Heights are in meters referenced 
to the WGS84/EGM96 geoid. The file was then preprocessed using the AERMAP software to 
produce the calculated terrain elevation and scale height for each specified receptor as shown 
in Figure 3.2.
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Figure 3.2 Topography of Patuha Area 
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3.3 Emission Source Description 
 
The emission sources from Patuha Project are classified as point sources in the form of cooling 
tower stacks. The operating data of Patuha Geothermal Power Plant as well as the emission 
source characteristic for the model input are shown in Table 3.2. 

 
Table 3.2. Operating Data of Geothermal and Model Input 

 

Parameters Unit 2 
(Single Flash Type) Source of Data 

Stack height (or cooling tower height), m 20.141 From GDE (18-19 Sept 2019) 
Stack diameter (or cooling tower diameter), 
m 

11.3 From GDE (18-19 Sept 2019) 

Stack/exit gas temperature, oK 311.25  (38.1oC) Final FS (Aug 2019) 
Stack/exit gas velocity, m/s 14.8 From GDE (18-19 Sept 2019 
Number of fans per unit 5 From GDE (18-19 Sept 2019 
NCG mass rate, tons/hr 3.83 Final FS (Aug 2019) 
H2S mass rate, mg/s (0.03%wt H2S in NCG) 319 Calculated (H2S content from 

Final Report GDE, 2013) 
Volumetric flowrate at normal condition 
(25oC at 1 atm), Nm3/s 

1,421.79 Calculated 

Emission rate from each cell, g/s 0.064 Calculated 
Emission concentration from each cell, 
mg/Nm3 

0.045 Calculated  

Number of fans 5 From GDE (18-19 Sept 2019) 
*Must not exceed 30 g/Nm3 according to H2S emission limit concentration, Decree of Minister of 
Environment and Forestry: No. 15/2019 

 

 

3.4 Building Downwash 
 
The term building downwash describes the effect that wind flowing over or around buildings 
has on plumes released from nearby stacks. Essentially, buildings create a cavity of recirculating 
winds in the area near the buildings, and these building cavities cause increased vertical 
dispersion of plumes emitted from stacks on or near the buildings. Building downwash often 
leads to elevated concentrations downwind of affected stacks. Cavity regions near buildings are 
characterized based on building geometry and wind direction. Stacks may be revised to a height 
such that plumes released from the stacks are outside the cavity region and thus not influenced 
by building downwash. 

The existing buildings near the location of Patuha unit 2 are described in Figure 3.3. The location 
and the dimension of these buildings became the input for the building downwash sub-routine 
calculation in AERMOD.  
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Figure 3.3 The Existing Buildings Close to Patuha Cooling Tower Unit 2 
 

 

3.5 Meteorological Data 
 
Meteorological data which include wind speed, wind direction, temperature, pressure, 
precipitation, and cloud cover are used as input parameters in the air quality modelling using 
AERMOD VIEW software. Since this software requires hourly meteorological data for all 
parameters, hourly data were collected from www.weblakes.com which provides 
meteorological data all around the world. 
 
A line segment is drawn in each of sixteen compass directions from a common origin. The length 
of a particular segment is proportional to the frequency with which winds blow from that 
direction, while thicknesses of a segment indicate frequencies of occurrence of various classes 
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of wind speed. From this windrose diagram, it can be identified the prevailing wind directions, 
i.e., the direction from which the wind blows most frequently, not necessarily the direction from 
which the strongest wind comes.  
 
The wind directions are mostly governed by local topography, such as mountains and valleys. 
Therefore, it is also necessary to identify the gradual change of wind directions and velocity from 
month to month as shown from Figure 3.4 and Figure 3.5.  In January and February, the 
prevailing winds blow from South West to North East, West to East and North West to South 
East. In February changes in wind direction occur, and in March-April more winds blow from 
Southern to Northern area. From May to October the winds blow from South East to North West. 
A change of dominant wind direction happens on November in which more winds blow from 
South to North, and in December dominant wind blows from South West to North East.  
 
Figure 3.6 shows the annual windrose diagram which denotes the prevailing winds most 
generally blow from South East of emission source. Therefore, for the annual dispersion, it can 
be predicted that air pollutants shall most probably be dispersed to the opposite directions from 
the prevailing winds, i.e. the North West direction.  The wind class frequency distribution as 
shown in Figure 3.7, describes the range of wind speed which occur in Patuha Area. The winds 
have the velocity range between 4-7 knots (frequency of occurrence 35.1%), 1-4 knots (31%), 7-
11 knots (27.3%), 11-17 knots (4.1%), and calm wind (2.5%). 
 
According to this behavior of prevailing winds, the receptors that undergo the most frequent 
exposure to the air pollutant shall be those who live in North West of the emission sources. 
Receptors that live in other directions may also expose to the emitted air pollutant, but in a 
lower exposure frequency.  
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Figure 3.4 Monthly Windrose of the 1st Semester in 2014 – 2018 for Patuha Area 
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Figure 3.5 Monthly Windrose of the 2nd Semester in 2014 – 2018 for Patuha Area 
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Figure 3.6 Annual Windrose for Patuha Area (2014-2018) 

 
 
 
 

 
Figure 3.7  Yearly Wind Class Frequency Distribution (2014-2018)  
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3.6 Air Quality Baseline 
 
The H2S background concentrations or the concentrations before the project operation phase 
are taken from the ambient air quality monitoring of DGE Patuha unit 1, as shown in Table 3.3. 
The measured concentrations in Kampung Kendeng and Kampung Babakan were < 14 µg/Nm3. 
Because this measured concentration is less than the limit detection of the measurement 
method, the exact concentration could not be known. However, the limit detection of the 
measurement method is rather high, i.e.  14 µg/Nm3 which is half of the ambient standard.  
 

Table 3.3. H2S Concentration Monitoring Results in 2018  
 

No.  Location 
Coordinate (UTM) ppm µg/Nm3 

X Y   
1 Kampung Citiwu 769341,95 9212837,23 

Not available 2 Desa Alamendah 767136,27 9210973,31 
3 Kampung Cibodas 767552,74 9210651,38 
4 Kampung Kendeng 769607,71 9205410,98 < 0.01 14 
5 Kampung Babakan 766930,04 9204785,06 < 0.01 14 
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4 ASSESSMENT CRITERIA 
 
4.1 Emission Standard 
The Indonesian Ministry of Environment and Forestry has set Regulation No 15 of 2019 that 
stipulates emission standards for stationary sources in thermal power plants including geothermal 
power plants. In this Regulation, the H2S emission standard was set 30 mg/Nm3 at normal 
conditions (temperature of 25°C and pressure of one atm).   
 
The IFC EHS Guideline for Geothermal Power Generation (IFC, 2007) which has been used as a 
reference for international guideline, did not establish an emission standard for H2S. This was 
because IFC did not consider the H2S emission from a geothermal power plant to be significant. 
However, in the Guideline, IFC recommended that H2S emissions should not result in ambient 
concentrations above nationally established air quality standards or, in their absence, 
internationally recognized guidelines. For this study, the H2S emission has been compared against 
the Indonesia Emission Standard as mentioned above. 
 
4.2 Ambient Standard 
In Indonesia, H2S concentrations in the ambient air was regulated in the Decree of the Minister of 
Environment No. 50 of 1996 regarding the Odor Standard (MoE, 1996). The ambient standard for 
this gas stipulated in this regulation is 0.02 ppm which is equivalent to 28 µg/Nm3. The regulation 
does not mention the averaging time for this standard. This study will calculate the 24-hour average 
and annual average of H2S concentration, considering that the exposure probability for the 
community nearby the power plant would likely happen within this period of time. 
 
WHO’s Air Quality Guidelines for Europe (WHO, 2000) contains an ambient air H2S guideline of 150 
µg/m3 as a 24-hour average to ensure no health effects occur. Furthermore, in order to avoid any 
substantial odor complaints among the exposed population WHO adds a guideline value of 7 µg/m3 

as 30-minute average. According to Fisher & Heydenrych (2005), as quoted in the Kawerau 
Geothermal Power Plant Air Discharge Assessment and Rantau Dedap Geothermal Power Plant 
Dispersion Modeling, the guideline of 7 µg/m3 for one-hour average is not appropriate for 
geothermal areas for odor effect. The report quoted several studies that all assumed ambient 
concentration of 70 µg/m3 was more appropriate guideline for geothermal power stations in 
regions affected by natural geothermal emissions.  It is unlikely to produce complaint for 
populations that have been adapted to the smell of hydrogen sulfide 70 µg/m3. Oppositely, levels 
of above 7 µg/m3 are likely to be noticed for populations that do not experience high natural levels 
of emissions. The 70 µg/m3 for one-hour average approximately equals to 28 µg/m3 for 24-hour 
average, which is is equivalent to the Indonesian Odor Standard.  
 
The ambient odor standard is only applicable for residential and general areas only. For industrial 
areas, another standard is applicable. The Minister of Employment and Transmigration of The 
Republic of Indonesia set forth Regulation Number PER.13/MEN/X/2011 regarding Threshold 
Values for Physical and Chemical Factors in the Working Environment (MoET, 2011). In this 
regulation, the H2S threshold value is 1 ppm which is equivalent to 1,400 µg/m3. This value is for an 
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eight-hour averaging time which is normal working day for a worker. NIOSH Recommended 
Exposure Limit (REL) of 10 ppm for a 10-minute ceiling, concentration considered immediately 
dangerous to life and health (IDLH), 100 ppm. ACGIH recommends a threshold limit value (TLV) of 
1 ppm as an 8-hour time weighted average (TWA) and a short-term exposure limit (STEL) of 5 ppm. 
 
Hydrogen sulfide (H2S) is a colorless, flammable gas at ambient temperature and pressure. It has 
an odor similar to that of rotten eggs and is both an irritant and an asphyxiant. Hydrogen sulfide is 
heavier than air and may travel along the ground.  It collects in low-lying and enclosed, poorly-
ventilated areas. The primary route of exposure is inhalation and the gas is rapidly absorbed by the 
lungs. Absorption through the skin is minimal. People can smell the “rotten egg” odor of hydrogen 
sulfide at low concentrations in air. However, with continuous low-level exposure, or at high 
concentrations, a person loses his/her ability to smell the gas even though it is still present 
(olfactory fatigue). This can happen very rapidly and at high concentrations, the ability to smell the 
gas can be lost instantaneously.  Therefore, people cannot rely on sense of smell to indicate the 
continuing presence of hydrogen sulfide or to warn of hazardous concentrations. 
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5 MODELING RESULTS 
 
This section presents the dispersion modeling results for the proposed power plant based on the 
predicted emission rates as described in Table 4-1 to assess the typical or expected emissions from 
the proposed power plant. Since there is no provision of the averaging period for the Indonesian 
odor standard, the predicted incremental concentration will be presented in 24-hour average and 
annual average, considering that the exposure probability would likely happen within a longer 
period of time.  
 
A 24-hour average is determined based on average of one-hour predicted concentrations within 
one day, while an annual average is determined based on average of 24-hour average predicted 
concentration within a year. The one-hour concentrations are calculated using 5-years hourly data 
of meteorology. Since this model uses 446 receptor points which consist of uniform cartesian grid 
and discrete cartesian, the calculation will produce: 
• 446 (receptors)*8760 (hours in a year) * 5 (year) or 19,534,800 data of 1-hour concentrations 
• 446 (receptors)*365 (days in a year)* 5(year) or 813,950 data of 24-hour average concentrations 
• 446 (receptors)* 5 (year) or 2,230 data of annual average concentrations 
The first high of predicted incremental H2S concentration from each receptor will be presented in 
the form of isopleth map which connect points of equal values. 
 
The available background concentrations in the selected locations nearby Patuha Power Plant could 
not be accurately specified, since the measured values were below the limit detection of the 
applied measurement method. This limit detection is quite high, i.e. <0.01 ppm or <14 µg/m3, half 
of the Indonesian odor standard. Therefore, the use of this value as the background concentration 
may not be suitable.  
 
Figure 5-1 shows the predicted 24-hour average incremental H2S concentration in the modeling 
domain. The pattern of H2S dispersion is not only influenced by the prevailing winds, but also by 
the terrain of surrounding the emission sources. A terrain impacting concentration would lead to 
the addition of predicted concentration which can be identified when H2S dispersion passes a 
higher ground level. Higher level of Mount Patuha with Kawah Putih (White Crater) is located West 
and North West of Patuha Power Plant, further dispersion of H2S towards this direction is hindered, 
and terrain impact concentration was observed below this higher plateau. 
 
The maximum value of 24-hour average and annual average incremental H2S concentration are 
predicted 0.28 µg/m3 and 0.02 µg/m3 respectively, which might occur about 1.4 km West (rather 
between West and North West) of the cooling tower’s stacks. All predicted incremental 
concentration in all averaging time are below the Indonesian odor standard of 28 µg/m3. Calculated 
incremental H2S concentrations in sensitive receptors are presented in Table 5-1, and all are also 
below the odor standard.  
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Figure 5-1 Predicted 24 Hour Incremental H2S Concentration 
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Figure 5-2 Predicted Annual Incremental H2S Concentration 
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Table 5-1 Predicted Incremental H2S Concentration in Sensitive Receptors 
 Nearby Patuha Power Plant 

 

No.  Location Coordinate (UTM) Max Ground Level Concentration 
µg/m3 

X Y 24-hour average Annual average 
1 Kampung Citiwu 769341,95 9212837,23 0.01354    0.00123 
2 Desa Alamendah 767136,27 9210973,31 0.02183   0.00193                          
3 Kampung Cibodas 767552,74 9210651,38 0.02182 0.00190 
4 Kampung Gendeng 769607,71 9205410,98 0.05221 0.00300 
5 Kampung Babakan 766930,04 9204785,06   0.16373 0.00751 

 
 

6 CONCLUSIONS AND RECOMMENDATION 
 
Modeling of hydrogen sulfide (H2S) dispersion has been done to predict the incremental 
concentration in the operation phase of Patuha 2 and provide an assessment of the air quality 
impact associated with the power plant operation. The non-condensable gases (NCG) will be the 
primary air emissions of concern with regards to odor nuisance and health effects from the 
power plant operation. The NCG are gases that are generally present with range of 0.09-1.6 wt% 
in the geothermal fluid, not only consist predominantly of carbon dioxide (approximately 97%), 
but also contains H2S.  The concentration of H2S in the NCG released from Patuha 2 operation is 
very small, approximate 0.03 %. The NCG will be released from vents located above the 
mechanical evaporative cooling towers, and since it is heavier than air, the H2S may travel along 
the surface ground.  Based on the NCG content in the steam and H2S content in the NCG, total 
H2S emission was calculated 0.319 g/s. This rate will be distributed in 5 cells (stacks), therefore 
the emission concentration at normal condition from each cell is estimated 0.045 mg/Nm3, still 
well below the Indonesian Emission Standard of 30 mg/Nm3.  
  
The air dispersion modeling was carried out by using the AERMOD View which calculated the 
contribution to air quality impacts at the surrounding area of the power plant, including the 
nearby sensitive receptors. The inputs to the model include source parameters, meteorological 
data, topography, nearby buildings, and land use. According to the meteorological data, annual 
prevailing winds blow from western to eastern area of the emission source, with the most 
frequent blow from South East to North West direction. The effect of prevailing wind can be 
identified from the annual maximum concentration which is located at North West of the cooling 
tower. 
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The available background concentrations in the selected locations nearby Patuha Power Plant 
could not be accurately specified, since the measured values were below the limit detection of 
the applied measurement method. This limit detection is rather high, i.e. <0.01 ppm or <14 
µg/Nm3, half of the Indonesian odor standard. Therefore, the use of this value as the background 
concentration may not be suitable. 
 
According to the modeling result, the maximum value of 24-hour average and annual average 
incremental H2S concentration are predicted 0.28 µg/m3 and 0.02 µg/m3 respectively, which 
might occur about 1.4 km between West and North West of the cooling tower’s stacks. The 
maximum value of 24-hour average and annual incremental H2S concentration at sensitive 
receptors are predicted between 0.01 to 0.16 µg/m3 and between 0.001 to 0.008 µg/m3 
respectively. All predicted incremental concentration in all averaging time are below the 
Indonesian odor standard of 28 µg/m3. 
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Symbols  
 

u* friction velocity 

L Monin-Obukhov length 

w* convective velocity scale 

* temperature scale 

zi mixing height 

H surface heat flux 

u wind speed 

v, w lateral and vertical turbulent fluctuations 

 potential temperature gradient 

 potential temperature 

xr , yr the receptor’s location 

zr its height above mean sea level 

hc the receptor specific terrain height scale 

CT{ xr, yr, zr} the total concentration 

Cc,s { xr, yr, zr} the contribution from the horizontal plume state 

Cc,s { xr, yr, zp} the contribution from terrain-following state 

f the plume state weighting function 

{ xr, yr, zr} the coordinate representation of a receptor (with zr defined relative to stack base elevation) 

zp zp=zr-zt is the height of a receptor above local ground, and zt is the terrain height at a receptor 

Q source emission rate 

Py and Pz probability density functions (pdf) which describe the lateral and vertical concentration 
distributions 

w vertical velocity 

Fz non-Gaussian vertical concentration distribution 

i plume rise 

fp the calculated fraction of the plume mass trapped in the CBL 

µg microgram (metric system), equal with one millionth (1×10−6) of a gram 
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1 Outline of the Project 

1.1 Background 

The Asian Development Bank’s Country Operations Business Plan for 2018-2020 aims to support 

the Government of Indonesia to achieve higher levels of pro-poor sustainable growth and to 

enhance social development. With an estimated 29,000 megawatt (MW) of potential in 

geothermal power generation, Indonesia has about 40% of the world’s geothermal reserves, 

making it an important resource for the country to achieve its commitments to reduce carbon 

dioxide emissions by 29% by 2030.  

 

The proposed Geothermal Power Development Project will provide financing for expanding 

geothermal power generation and will have two subprojects, including Dieng 2 and Patuha 2. The 

Dieng 2 subproject will expand the geothermal electric generating capacity by 60/60 MW through 

analogous activities at the existing Dieng site.   

1.2 Objective and Purpose of the Assignment 

The purpose of the assignment is to conduct air quality dispersion modeling for the proposed 

additional geothermal power generation units in Dieng. The modeling tools and approach are 

based on international best practices and recommended or developed by organizations such as 

the US Environmental Protection Agency and the like to address regulatory modeling 

requirements.  

 

These assessments will determine the contribution of the additional units in relation to the 

existing geothermal power generation units in Dieng (Unit 1, 55 MW which started commercial 

operation in 1998) to ensure that project contribution and cumulative impacts will meet the 

national regulations, the Safeguard Policy Statement (SPS) 2009 of Asian Development Bank 

(ADB), the relevant International Finance Corporation-World Bank Group's Environmental, Health 

and Safety Guidelines (IFC-WBG EHS Guidelines) 2007, and other relevant international guidelines 

such as World Health Organization (WHO). 

1.3 Scope of Work 

The scope of work will cover the modeling of ambient air quality primarily on hydrogen sulfide 

(H2S) of the proposed geothermal power plant in Dieng, Banjarnegara Regency, Central Java. For 

ambient air quality modeling, factors that influence the concentration of pollution, i.e. emission 

sources, atmospheric and climate conditions, and environment surrounding the receptors shall be 

considered.  Atmospheric dispersion model to be applied is internationally recognized to estimate 

potential impact to the airshed taking into consideration the location of potentially affected 

communities and prevailing wind directions.  
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2 METHODOLOGY 

The air dispersion model for this project was undertaken using the ISC AERMOD VIEW (AERMOD) 

as the main software, and several supporting commercial software such as WRPLOT View (for 

wind data processing), MM5 (for meteorology data processing), AERMET (meteorological 

preprocessor which prepares hourly surface data and upper air data for AERMOD), and AERMAP 

(for terrain data processing). Those supporting software play important roles in preprocessing 

input data for AERMOD. 

 

 

2.1 ISC-AERMOD View  

AERMOD is a second-generation steady state plume model that incorporates air dispersion based 

on planetary boundary layer turbulence structure and scaling concepts. It also can model complex 

terrain. Specifically, it is a near field, steady-state guideline air dispersion model that uses 

boundary-layer similarity theory to define turbulence and dispersion coefficients as a continuum, 

rather than as a discrete set of stability classes. Variation of turbulence with height allows a 

better treatment of dispersion from different release heights compared to Gaussian dispersion 

models such as ISCST. Also, dispersion coefficients for unstable conditions are non- Gaussian, to 

represent the high concentrations that can be observed close to a stack under convective 

conditions.  

 

Figure 2.1 shows the flow and processing of information in AERMOD. The modeling system 

consists of one main program (AERMOD) and two pre-processors (AERMET and AERMAP). The 

major purpose of AERMET is to calculate boundary layer parameters for use by AERMOD. The 

meteorological INTERFACE, internal to AERMOD, uses these parameters to generate profiles of 

the needed meteorological variables. In addition, AERMET passes all meteorological observations 

to AERMOD. 

 

Figure 2.1. Data Flow in the AERMOD Modeling System 
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2.1.1 AERMOD Meteorological Processor (AERMET) 

One of the major improvements that AERMOD brings to applied dispersion modeling is its ability 

to characterize the Planetary Boundary Layer (PBL)1 through both surface and mixed layer scaling. 

AERMOD constructs vertical profiles of required meteorological variables based on 

measurements and extrapolations of those measurements using similarity (scaling) relationships. 

Vertical profiles of wind speed, wind direction, turbulence, temperature, and temperature 

gradient are estimated using all available meteorological observations. The AERMET program is a 

meteorological preprocessor which prepares hourly surface data and upper air data for use in the 

AERMOD short-term air quality dispersion model. AERMET was designed to allow for future 

enhancements to process other types of data and to compute boundary layer parameters with 

different algorithms.  AERMET processes meteorological data in three stages and from this 

process two files are generated for use with the AERMOD model:  

1.  A Surface File of hourly boundary layer parameters estimates;  

2. A Profile File of multiple-level observations of wind speed, wind direction, temperature, and 

standard deviation of the fluctuating wind components.  

Flow sheet depicting the AERMET processing stages is shown in Figure 2.2. 

 

 

Figure 2.2. AERMET Processing Stages  

 

Surface characteristics in the form of albedo2, surface roughness and Bowen ratio3, plus standard 

meteorological observations (wind speed, wind direction, temperature, and cloud cover), are 

input to AERMET. AERMET then calculates the PBL parameters: friction velocity (u*), Monin-

Obukhov length (L), convective velocity scale (w*), temperature scale (*), mixing height (zi), and 

                                                
1
 Planetary Boundary Layer (PBL) or Atmospheric Boundary Layer: the bottom layer of the troposphere that is in contact 

with the surface of the earth. 
2
 Albedo: the fraction of the incident sunlight that is reflected 

3
 Bowen ratio: the ratio of heat used for "Sensible Heat" (conduction and convection) to heat used for "Latent Heat" 

(vaporization of water) expressed in percent.  
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surface heat flux (H). These parameters are then passed to the INTERFACE (which is within 

AERMOD) where similarity expressions (in conjunction with measurements) are used to calculate 

vertical profiles of wind speed (u), lateral and vertical turbulent fluctuations (v, w), potential 

temperature gradient (d/dz), and potential temperature ( ). 

 

AERMET defines the stability of the PBL by the sign of H (convective for H > 0 and stable for H < 

0). Although AERMOD is capable of estimating meteorological profiles with data from as little as 

one measurement height, it will use as much data as the user can provide for defining the vertical 

structure of the boundary layer. In addition to PBL parameters, AERMET passes all measurements 

of wind, temperature, and turbulence in a form AERMOD needs. The flow how AERMET estimates 

th PBI parameters is depicted in Figure 2.3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.3. Flow of AERMET Estimating PBL Parameters 

 

 

2.1.2 AERMOD Terrain Preprocessor (AERMAP) 

Using a relatively simple approach, AERMOD incorporates current concepts about flow and 

dispersion in complex terrain. Where appropriate the plume is modeled as either impacting 

and/or following the terrain. This approach has been designed to be physically realistic and 

simple to implement while avoiding the need to distinguish among simple, intermediate and 

complex terrain, as required by other regulatory models. As a result, AERMOD removes the need 

for defining complex terrain regimes. All terrain is handled in a consistent and continuous manner 

while considering the dividing streamline concept (Snyder et al. 1985) in stable stratified 

conditions. 

Aermet calculate PBL parameters: 
CBL 

Surface heat flux (H) 

Friction velocity ( ) 

Monin obukhov length (L) 

Convective velocity scale ( ) 

Mixing height (zi) 
 

SBL 
Surface heat flux (H) 

Friction velocity ( ) 

Temperature scale ( ) 

Monin obukhov length (L) 

Convective velocity scale ( ) 

Mixing height (zi) 
 

 

Input for AERMET: 

Albedo 

Bowen ratio 
Surface roughness (zo) 

Wind speed 
Wind direction 

Temperature 

Cloud cover 
 

Aermet further calculate: 

Vertical profile of wind speed 

Lateral and vertical turbulent fluctuations (v, w) 

Potential temperature gradient (d/dz) 

Potential temperature () 
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The AERMIC terrain pre-processor AERMAP uses gridded terrain data to calculate a 

representative terrain-influence height (hc), also referred to as the terrain height scale. The 

terrain height scale hc, which is uniquely defined for each receptor location, is used to calculate 

the dividing streamline height. The gridded data needed by AERMAP is selected from Digital 

Elevation Model (DEM) data. AERMAP is also used to create receptor grids. The elevation for each 

specified receptor is automatically assigned through AERMAP. For each receptor, AERMAP passes 

the following information to AERMOD: the receptor’s location (xr , yr), its height above mean sea 

level (zr), and the receptor specific terrain height scale (hc). 

 

 

2.1.3 AERMIC Dispersion Model (AERMOD) 

AERMOD is a steady-state plume model, which assumes that concentrations at all distances as a 

modeled hour which are governed by the temporally averaged meteorology of the hour. The 

steady state assumption yields useful results since the statistics of the concentration distribution 

are of primary concern rather than specific concentrations at particular times and locations. 

 

In the stable boundary layer (SBL)4, AERMOD assumes the concentration distribution to be 

Gaussian in both the vertical and horizontal. In the convective boundary layer (CBL)5, the 

horizontal distribution is also assumed to be Gaussian, but the vertical distribution is described 

with a bi-Gaussian probability density function (pdf). This behavior of the concentration 

distributions in the CBL was demonstrated by Willis and Deardorff (1981) and Briggs (1993). 

Additionally, in the CBL, AERMOD treats “plume lofting,” whereby a portion of plume mass, 

released from a buoyant source, rises to and remains near the top of the boundary layer before 

becoming mixed into the CBL. AERMOD also tracks any plume mass that penetrates into the 

elevated stable layer, and then allows it to re-enter the boundary layer when and if appropriate. 

For sources in both the CBL and the SBL AERMOD treats the enhancement of lateral dispersion 

resulting from plume meander. 

 

In general, AERMOD models a plume as a combination of two limiting cases: a horizontal plume 

(terrain impacting) and a terrain-following plume. Therefore, for all situations, the total 

concentration, at a receptor, is bounded by the concentration predictions from these states. In 

flat terrain the two states are equivalent. By incorporating the concept of the dividing streamline 

height, in elevated terrain, AERMOD’s total concentration is calculated as a weighted sum of the 

concentrations associated with these two limiting cases or plume states (Venkatram et al. 2001). 

 

The general concentration equation, which applies in stable or convective conditions is given by: 

                                                
4
 Stable Boundary Layer (SBL): a cool layer of air adjacent to a cold surface of the earth, where temperature within that 

layer is statically stably stratified. 
5
 Convective Boundary Layer (SBL): a type of atmospheric boundary layer characterized by vigorous turbulence tending 

to stir and uniformly mix, primarily in the vertical, quantities such as conservative tracer concentrations, potential 
temperature, and momentum or wind speed. 



  11 

 

Eq. 1 

 

where CT{ xr, yr, zr} is the total concentration, Cc,s { xr, yr, zr} , is the contribution from the 

horizontal plume state (subscripts c and s refer to convective and stable conditions, respectively), 

Cc,s { xr, yr, zp}  is the contribution from terrain-following state, f is the plume state weighting 

function, { xr, yr, zr} is the coordinate representation of a receptor (with zr defined relative to stack 

base elevation), zp=zr-zt is the height of a receptor above local ground, and zt is the terrain height 

at a receptor. Figure 2.4 illustrates the relationship between the actual plume and AERMOD’s 

characterization of the actual plume. 

 

  

Figure 2.4. AERMOD Two State Approach. 

(The total concentration predicted by AERMOD is the weighted sum of the two extreme possible 

plume states). 

 

The general form of the expressions for concentration in each term of eq. 1 for both the CBL and 

the SBL can be written as follows 

 

 

Eq. 2 

 

here Q is the source emission rate, u is the effective wind speed, and Py and Pz are probability 

density functions (pdf) which describe the lateral and vertical concentration distributions, 

respectively.  

 

Concentration Predictions in the CBL 

In AERMOD, the dispersion formulation for the convective boundary layer (CBL) represents one of 

the more significant model advances by comparison with existing regulatory models. One 

assumes that plume sections are emitted into a traveling train of convective elements – updrafts 

and downdrafts - that move with the mean wind. The vertical and lateral velocities in each 

element are assumed to be random variables and characterized by their probability density 

functions (pdf). The mean concentration is found from the pdf of the position of source-emitted 
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“particles”; this position pdf in turn is derived from the pdf of the lateral and vertical velocities as 

described by Weil et al. (1997); also see Misra (1982), Venkatram (1983), and Weil (1988a). 

 

In the CBL, the pdf of the vertical velocity (w) is positively skewed and results in a non- 

Gaussian vertical concentration distribution, Fz (Lamb 1982). The positive skewness is consistent 

with the higher frequency of occurrence of downdrafts than updrafts; for an elevated non-

buoyant source the skewness also leads to the decent of the plume centerline, as defined by the 

locus of maximum concentration (Lamb 1982; Weil 1988a).  

 

Figure 2.5 presents a schematic representation of an instantaneous plume in a convective 

boundary layer and its corresponding ensemble average. The base concentration prediction in 

AERMOD is representative of a one-hour average.  

 

 

Figure 2.5. Instantaneous and Corresponding Ensemble-Averaged Plume in the CBL 

 

The direct transport of plume material to the ground is treated by the “direct” source located at 

the stack. That is, the direct source treats that portion of the plume’s mass to first reach the 

ground, and all subsequent reflections of the mass at z = zi and 0 (where zi is the mixed layer 

height in the CBL (Cimorelli et al., 2004).  

 

For plume segments or particles initially rising in updrafts, an “indirect” or modified-image source 

is included (above the mixed layer) to address the initial quasi-reflection of plume material at z = 

zi, i.e., for material that does not penetrate the elevated inversion. This source is labeled 

“indirect” because it is not a true image source (i.e., as is found in models such as ISC) - the plume 

is not perfectly reflected about zi. Thus, the indirect source treats that portion of the plume’s 

mass that first reaches zi and all subsequent reflections of that particular mass at z = 0 and zi,  
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For the indirect source, a plume rise (hi) is added to delay the downward dispersion of material 

from the CBL top (see Figure 2.6); this mimics the plume’s lofting behavior, i.e., the tendency of 

buoyant plumes to remain temporarily near zi and resist downward mixing. For non-buoyant 

sources the indirect source reflection at z = zi. Additionally, a “penetrated” source or plume 

(above the CBL top) is included to account for material that initially penetrates the elevated 

inversion but is subsequently reentrained by and disperses in the growing CBL. 

 

 

Figure 2.6. AERMOD’s Three Plume Treatment of the CBL 

 

In line with the above concepts there are three main mathematical sources that contribute to the 

modeled concentration field: 1) the direct source (at the stack), 2) the indirect source, and 3) the 

penetrated source. The strength of the direct source is fpQ where Q is the source emission rate 

and fp is the calculated fraction of the plume mass trapped in the CBL (0 fp  1). Likewise, the 

indirect source strength is fpQ since this (modified image) source is included to satisfy the no flux 

boundary condition at z = zi for the trapped material. The strength of the penetrated source is (1- 

fp)Q, which is the fraction of the source emission that initially penetrates into the elevated stable 

layer. In addition to the three main sources, other image sources are included to satisfy the no-

flux conditions at z = 0 and zi. 

 

In AERMOD, the total concentration (Cc) in the CBL is found by summing the contribution from 

the three sources. For the horizontal plume state, the Cc is given by  

 

 
Eq. 3 

 

where Cd, Cr, and Cp are the contributions from the direct, indirect and penetrated sources, 

Following Weil et al. (1997), the concentration due to the direct plume is given by: 
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Eq. 4 

 

The concentration due to the indirect source is calculated from: 

 

Eq. 5 

 

For the penetrated source the concentration expression has a Gaussian form in both the 

vertical and lateral directions. The concentration due to this source is given by: 

 

Eq. 6 

 

 

Concentrations Prediction in the SBL 

For stable conditions, the AERMOD concentration expression has the Gaussian form, and is 

similar to that used in many other steady-state plume models (e.g., HPDM (Hanna and Paine 

1989)). The Cs is given by: 

 

Eq. 7 

 

where zieff is the effective mechanical mixed layer height, Fzs is the total vertical dispersion in the 

SBL and hes is the plume height (i.e., stack height plus the plume rise). 

 

 

2.2 WRPLOT View 

WRPLOT View is a Windows program that generates wind rose statistics and plots for several 

meteorological data formats. A wind rose depicts the frequency of occurrence of winds in each of 

the specified wind direction sectors and wind speed classes for a given location and time period. 

 

 
 

Figure 2.7. WRPLOT View Windows 
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2.3 MM5 Modeling at Lakes Environment 

Since it is difficult to have the hourly meteorological data for AERMOD from surface station in 

Indonesia, the meteorological data were derived from Lakes Environment (www.weblakes.com).   

Lakes Environmental generates the surface met file in SAMSON format and the upper air met file 

in TD-6201 format using MM5 software. The MM5 modeling focuses on generating high 

resolution meteorological data with the objective of gathering enough information to create 

AERMOD meteorological input files. 

 

MM5 (5th-generation Mesoscale Model) is a prognostic meteorology model developed by 

Pennsylvania State University and the U.S.  National Center for Atmospheric Research (NCAR).   

The model is  a  limited-area,  non-hydrostatic,  terrain-following  sigma-coordinate  model  

designed  to  simulate  or  predict  mesoscale  and  regional-scale atmospheric circulation.  MM5 

was primarily developed using FORTRAN coding, and is still widely used as a community model 

even though formal development of the model has ended. MM5 cannot directly use conventional 

meteorological data from airport reports.  Instead, the model uses objective analysis of global 

weather reports. Objective analysis is a process of analyzing the observed data and outputting 

them into a regular grid. The meteorological field is “balanced” to take account of the energy and 

momentum equations of the atmosphere.  These objective analyses are products of global 

models, which are maintained by national weather centers or federal agencies such as UKMO  

(United  Kingdom  Meteorological  Office)  or  NCEP  (National  Center  for  Environmental  

Protection). The NCEP reanalysis has a resolution of 2.5 degrees by 2.5 degrees for the entire 

globe, given every 6 hours. The reanalysis data incorporates global weather data.  Figure 2.8 

presents an example for the Great Lakes region of North America.  The station numbers in the 

figure below show which weather stations were used for the reanalysis data.  Note that these 

stations do not directly provide the data used  for  MM5  output;  they  serve  as  input  into  the  

MM5 model.   

 

 

http://www.weblakes.com/
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Figure 2.8. Sample MM5 domain with meteorological stations 

 

 

2.4 Working Procedure 

The working procedure can be briefly described as follows: 

1. All necessary data were collected to run the dispersion model as well as for model 

analysis  

2. Quality control and quality assurance of collected data were carried out, in order to get a 

reliable data for model data input 

3. Running software for meteorological data using AERMET View  

4. Running software for statistical presentation of meteorological data using WRPLOT View 

5. Running software for topographical map generation by AERMAP 

6. Running software for gas dispersion using ISC-AERMOD View  

7. Interpretation and analysis of model dispersion output in the form of isopleth maps 

8. Developing conclusions and recommendations 
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3 ASSUMPTIONS AND LIMITATION 
 

The atmospheric dispersion depends on many interrelated factors, e.g. physical and 

chemical nature of effluents, meteorological characteristics of the environment, location of 

the source with relation to obstructions to air motion, and nature of the terrain downwind 

from the sources.  

 
 

3.1 Modeling Domain and Receptor Grid 

 

The selection and location of the model domain and receptor network are important in 

determining the maximum impact from an emission source and the area where there is a 

significant impact on the surrounding air quality. A modeling domain is the geographical bounds 

of the area to be modeled. The modeling domain should be designed so that all major upwind 

source areas that influence the downwind are included in the modeling domain. The influence of 

boundary conditions should be minimized to the extent possible, and in most cases the modeling 

domain should be large enough to allow the use of clean or relative clean boundary condition. 

Based on the site condition, a 5.6 km x 3.7 km domain was selected for Dieng, as depicted in 

Figure 3.1. 

 

Receptors are specific locations, set up in air quality dispersion models, where ambient 

concentration estimates are needed. If the model is being used to conduct an air quality analysis 

for regulatory purposes, it is important to identify the extent and frequency of the highest 

concentrations for the averaging time. Because the model run time increases with the number of 

receptors added, if too many receptors are added, then the model could take a long time to run. 

For this air dispersion model the receptor grid in the form of uniform cartesian grid was defined 

to be 270 m x 169 m spacing grid (21 x 21 points over 5.6 km x 3.7 km domain, which equals to 

441 receptors). Additional receptor group were added as the discrete cartesian receptors for the 

ambient air quality locations in the modeling domain (see Table 3.1).  The predicted ambient 

concentrations for all these receptors were automatically generated by the model. All receptor 

points are plotted over the modeling domain as shown in Figure 3.1. 
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Figure 3.1. Modeling Domain for Dieng
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Table 3.1. Locations of Discrete Receptors 
 

Location 
Coordinate (Degree) Coordinate (UTM) 

Northing Easting X Y 

Pawuhan (AQ 2) 7º 12’ 00.00” 109º 53’ 58.60” 378506.12 9203995.5 

Karang Tengah (AQ 4) 7º 12’ 26.30” 109º 53’ 10.20” 377023.5 9203184.14 

Kepakisan (AQ 5) 7º 11’ 56.50” 109º 52’ 40.20” 376101.07 9204097.15 

Simpangan (AQ 6) 7º 11’ 40.80” 109º 54’ 7,0” 378762.36 9204585.81 

Dieng Kulon (AQ 8) 7º 12’ 46.10” 109º 54’ 33.30” 379573.85 9202582.18 

 
 
 

3.2 Topographical Data 

 

The complex terrain of the modeled area may influence the results of modeling, both for the 

magnitude of concentrations and the dispersion direction. The structure and orientation of 

terrain features (such as trees, hills and valleys) often influence and even control air motion 

(wind speed and direction) and mechanical turbulence in the lower atmosphere. At the local 

level, there might be some additional circulations which also play a significant role in the 

dispersion and transport of pollution. These local circulations arise largely because of pressure 

gradients that are driven by temperature differences caused by uneven surface heating and 

differences in topography. In some cases, these local winds can be more important than the 

large-scale wind systems, includes the topographically-induced winds which develop in areas 

of complex terrain.  

 

Hills can also effectively reduce the vertical distance within which atmospheric dispersion 

takes place. An isolated hill causes winds to be squeezed over the top and around the sides of 

the hill so that the wind is accelerated on the upwind side. In the lee of the hill, winds reduce 

in speed and are often very turbulent. Topography can also channel winds through narrows 

gaps and cause an increase in wind speed, and after leaving the constriction the winds slow 

down. 

 

The topographical data for the modeled area was derived from www.webgis.com in the form 

of the Shuttle Radar Topography Mission (SRTM) data. The SRTM data are divided into one by 

one-degree latitude and longitude tiles in "geographic" projection. Heights are in meters 

referenced to the WGS84/EGM96 geoid. The file was then preprocessed using the AERMAP 

software to produce the calculated terrain elevation and scale height for each specified 

receptor as shown in Figure 3.2.

http://www.webgis.com/
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Figure 3.2 Topography of Dieng Area 
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3.3 Emission Source Description 

 

The emission sources from Dieng Project are classified as point sources in the form of cooling 

tower stacks. The operating data of Dieng Geothermal Power Plant as well as the emission 

source characteristic for the model input are shown in Table 3.2. 

 

Table 3.2. Operating Data of Geothermal and Model Input 
 

Parameters Unit 

Unit 2 

Source of Data (combined cycle 
with bottoming 

ORC) 

Stack height (or cooling tower 
height),  

m 
8 Project Technical Team 

Stack diameter (or cooling tower 
diameter),  

m 
3 Project Technical Team 

surface area,  m2 7.065   

Stack/exit gas temperature 
o
K 370 (97.4

o
C) Final FS (Aug 2019) 

Stack/exit gas velocity,  m/s 10 Project Technical Team 

Actual volumetric flowrate,  m3/s 70.65   

NCG mass rate , tons/hr 2.1 Final FS (Aug 2019) 

NCG mass rate mg/s 583,333.3   

H2S mass rate, mg/s (4.2% H2S in 
NCG) 

 
24,500 Calculated 

Volumetric flowrate at normal 
condition (25

o
C at 1 atm) 

Nm
3
/s 

1 Calculated 

Number of fans  64 FS (July 2019) 

Emission rate each cell mg/s 382.81 
 Concentration rate each cell* mg/Nm

3
 6.73 

 
*Must not exceed 30 g/Nm

3
 according to H2S emission limit concentration, Decree of Minister of 

Environment and Forestry: No. 15/2019 
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3.4 Meteorological Data 

 

Meteorological data which include wind speed, wind direction, temperature, pressure, 

precipitation, and cloud cover are used as input parameters in the air quality modelling using 

AERMOD VIEW software. Since this software requires hourly meteorological data for all 

parameters, hourly data were collected from www.weblakes.com which provides 

meteorological data all around the world. 

 

A line segment is drawn in each of sixteen compass directions from a common origin. The 

length of a particular segment is proportional to the frequency with which winds blow from 

that direction, while thicknesses of a segment indicate frequencies of occurrence of various 

classes of wind speed. From this windrose diagram, it can be identified the prevailing wind 

directions, i.e., the direction from which the wind blows most frequently, not necessarily the 

direction from which the strongest wind comes.  

 

The wind directions are mostly governed by local topography, such as mountains and valleys. 

Therefore, it is also necessary to identify the gradual change of wind directions and velocity 

from month to month as shown from Figure 3.3 and Figure 3.4.  From January to February, the 

prevailing winds blow from South West to North East, West to East and North West to South 

East. In March and April occur changes in wind direction, and from May to October the winds 

blow from South East to North West, East to West, and North East to South West. A change of 

dominant wind direction happens on November, and in December dominant wind blows from 

South West to North East.  

 

Figure 3.5 shows the annual windrose diagram which denotes the prevailing winds most 

generally blow from South East of emission source. Therefore, for the annual dispersion, it can 

be predicted that air pollutants shall most probably be dispersed to the opposite directions 

from the prevailing winds, i.e. the North West direction.  The wind class frequency distribution 

as shown in Figure 3.6, describes the range of wind speed which occurred in Dieng Area. The 

winds had the velocity range between 11-17 knots (frequency of occurrence 34.4%), 4 -7 knots 

(31.8%), 1-4 knots (22.8%), 11-17 knots (0.4%), 17-21 knots (0.2%), and calm wind (1.4%). 

 

According to this behavior of prevailing winds, the receptors that undergo the most frequent 

exposure to the air pollutant shall be those who live in North West of the emission sources. 

These receptors may also have the highest probability to expose to the highest level of air 

pollutant concentration, since in the driest month (July - August), the prevailing winds also 

blow to this direction. Receptors that live in other directions may also expose to the emitted 

air pollutant, but in a lower exposure frequency.  

 

 

http://www.weblakes.com/
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(a) January 

 
(b) February 

  

 
(c) March 

 
(d) April 

  

 
(e) May 

 
(f) June 

Figure 3.3 Monthly Windrose of the 1st Semester in 2014 – 2018 for Dieng Area 
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(a) July 

 
(b) August 

  

 
(c) September 

 
(d) October 

  

 
(e) November 

 
(f) December 

Figure 3.4 Monthly Windrose of the 2nd Semester in 2014 – 2018 for Dieng Area 
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Figure 3.5 Annual Windrose for Dieng Area (2014-2018) 
 
 
 
 
 

 

Figure 3.6  Yearly Wind Class Frequency Distribution (2014-2018)  
  



  26 

3.5 Air Quality Baseline 

 

The H2S background concentrations or the concentrations before the project operation phase 

are taken from the ambient air quality monitoring of DGE Dieng unit 1, as shown in Table 3.3. 

However, the measured concentrations are very small and even under the limit detection of 

the H2S measurement method. In this case, the contribution of background concentration to 

the incremental concentration due to the operation phase of Dieng 2 will be insignificant. 

 
Table 3.3. H2S Concentration Monitoring Results in 2018  

Location S1/2018 S2/2018 

 ppm µg/Nm3 ppm µg/Nm3 

Pawuhan  < 0.0001 <0.1 < 0.0001 <0.1 

Karang Tengah  < 0.0001 <0.1 0.0002 0.3 

Kepakisan < 0.0001 <0.1 < 0.0001 <0.1 

Simpangan < 0.0001 <0.1 0.0003 0.4 

Dieng Kulon < 0.0001 <0.1 < 0.0001 <0.1 
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4 ASSESSMENT CRITERIA 

 

4.1 Emission Standard 

The Indonesian Ministry of Environment and Forestry has set Regulation No 15 of 2019 that 

stipulates emission standards for stationary sources in thermal power plants including 

geothermal power plants. In this Regulation, the H2S emission standard was set 30 mg/Nm3 at 

normal conditions (temperature of 25°C and pressure of one atm).   

 

The IFC EHS Guideline for Geothermal Power Generation (IFC, 2007) which has been used as a 

reference for international guideline, did not establish an emission standard for H2S. This was 

because IFC did not consider the H2S emission from a geothermal power plant to be significant. 

However, in the Guideline, IFC recommended that H2S emissions should not result in ambient 

concentrations above nationally established air quality standards or, in their absence, 

internationally recognized guidelines. For this study, the H2S emission has been compared against 

the Indonesia Emission Standard as mentioned above. 

 

4.2 Ambient Standard 

In Indonesia, H2S concentrations in the ambient air was regulated in the Decree of the Minister of 

Environment No. 50 of 1996 regarding the Odor Standard (MoE, 1996). The ambient standard for 

this gas stipulated in this regulation is 0.02 ppm which is equivalent to 28 µg/Nm3. The regulation 

does not mention the averaging time for this standard. This study will calculate the 24-hour 

average and annual average of H2S concentration, considering that the exposure probability for 

the community nearby the power plant would likely happen within this period of time. 

 

WHO’s Air Quality Guidelines for Europe (WHO, 2000) contains an ambient air H2S guideline of 

150 µg/m3 as a 24-hour average to ensure no health effects occur. Furthermore, in order to avoid 

any substantial odor complaints among the exposed population WHO adds a guideline value of 7 

µg/m3 as 30-minute average. According to Fisher & Heydenrych (2005), as quoted in the Kawerau 

Geothermal Power Plant Air Discharge Assessment and Rantau Dedap Geothermal Power Plant 

Dispersion Modeling, the guideline of 7 µg/m3 for one-hour average is not appropriate for 

geothermal areas for odor effect. The report quoted several studies that all assumed ambient 

concentration of 70 µg/m3 was more appropriate guideline for geothermal power stations in 

regions affected by natural geothermal emissions.  It is unlikely to produce complaint for 

populations that have been adapted to the smell of hydrogen sulfide 70 µg/m3. Oppositely, levels 

of above 7 µg/m3 are likely to be noticed for populations that do not experience high natural 

levels of emissions. The 70 µg/m3 for one-hour average approximately equals to 28 µg/m3 for 24-

hour average, which is is equivalent to the Indonesian Odor Standard.  

 

The ambient odor standard is only applicable for residential and general areas only. For industrial 

areas, another standard is applicable. The Minister of Employment and Transmigration of The 

Republic of Indonesia set forth Regulation Number PER.13/MEN/X/2011 regarding Threshold 

Values for Physical and Chemical Factors in the Working Environment (MoET, 2011). In this 

regulation, the H2S threshold value is 1 ppm which is equivalent to 1,400 µg/m3. This value is for 
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an eight-hour averaging time which is normal working day for a worker. NIOSH Recommended 

Exposure Limit (REL) of 10 ppm for a 10-minute ceiling, concentration considered immediately 

dangerous to life and health (IDLH), 100 ppm. ACGIH recommends a threshold limit value (TLV) of 

1 ppm as an 8-hour time weighted average (TWA) and a short-term exposure limit (STEL) of 5 

ppm. 

 

Hydrogen sulfide (H2S) is a colorless, flammable gas at ambient temperature and pressure. It has 

an odor similar to that of rotten eggs and is both an irritant and an asphyxiant. Hydrogen sulfide is 

heavier than air and may travel along the ground.  It collects in low-lying and enclosed, poorly-

ventilated areas. The primary route of exposure is inhalation and the gas is rapidly absorbed by 

the lungs. Absorption through the skin is minimal. People can smell the “rotten egg” odor of 

hydrogen sulfide at low concentrations in air. However, with continuous low-level exposure, or at 

high concentrations, a person loses his/her ability to smell the gas even though it is still present 

(olfactory fatigue). This can happen very rapidly and at high concentrations, the ability to smell 

the gas can be lost instantaneously.  Therefore, people cannot rely on sense of smell to indicate 

the continuing presence of hydrogen sulfide or to warn of hazardous concentrations. 
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5 MODELING RESULTS 

 

This section presents the dispersion modeling results for the proposed power plant based on the 

predicted emission rates as described in Table 3.2 to assess the typical or expected emissions 

from the proposed power plant. Since there is no provision of the averaging period for the 

Indonesian odor standard, the predicted incremental concentration will be presented in 24-hour 

average and annual average, considering that the exposure probability would likely happen within 

a longer period of time.  

 

A 24-hour average is determined based on the average of one-hour predicted concentrations 

within one day, while an annual average is determined based on the average of 24-hour average 

predicted concentration within a year. The one-hour concentrations are calculated using 5 years 

hourly data of meteorology. Since this model uses 447 receptor points which consist of uniform 

cartesian grid and discrete cartesian, the calculation will produce: 

 447*8760 (hours in a year) * 5 (year) or 19,578,600 data of one-hour concentrations 

 447*365 (days in a year) * 5 (year) or 815,775 data of 24-hour average concentrations 

 447* 5 (year) or 2,235 data of annual average concentration 

 

The first high of predicted incremental H2S concentration from each receptor will be presented in 

the form of isopleth map which connect points of equal value. Since there are 447 receptor points 

(see Figure 3.1), number of calculated concentrations for each point is 365 (day/year) *5 (year) or 

1825 data. And total number of data for all receptor points would be 447*365 (days in a year) * 5 

(year) or 815,775 data. Since the line only able to connect one data from each point, the first high 

concentration or the maximum concentration from each point is selected to be presented in the 

isopleth map.  

Figure 5-1 shows the predicted 24-hour average incremental H2S concentration in the modeling 

domain. The incremental concentration in Figure 5-1 can also be considered as the future H2S 

ambient concentration, since all the background concentrations of H2S which were measured in 

selected locations were insignificant (only <0.0001 ppm or 0.139 µg/m3) compared to the 

incremental values. The pattern of H2S dispersion is not only influenced by the prevailing winds, 

but also by the terrain of Dieng area. A terrain impacting concentration would lead to the 

addition of predicted concentration which can be identified when H2S dispersion passes a higher 

ground level. 

 

According to the modeling result, the maximum value of 24-hour average incremental H2S 

concentration is predicted 372 µg/m3, which occurs at receptor point (UTM coordinate: 

376812.78; 9202821.91), approximately 150 m North East of the cooling tower. The maximum 

value of annual average incremental H2S concentration is estimated 15 µg/m3, occurs at receptor 

point (UTM coordinate: 376541.62; 9202991.38) approximately 280 m North West of emission 

source (cooling tower). Summary of predicted maximum incremental concentration is shown in 

Table 5.1. 
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Figure 5.1 Predicted Increment of 24-Hour Average H2S Concentration 
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Table 5.1 The Maximum Predicted 24-Hour and Annual Average  
Incremental Concentration of H2S 

 

No.  Location 
Coordinate (UTM) 

Max Ground Level Concentration 
(µg/m

3
) 

X Y 24-hour average Annual average 

1 
±150 m North East of the 

cooling tower’s stacks 
376812.78 9202821.91 377.22  

2 
±280 m North West of 
cooling tower’s stacks 

376541.62 9202991.38  14.79 

 
 
 

The predicted maximum value of 24-hour average incremental H2S concentration at sensitive 

receptors are presented in Table 5.2. Only maximum concentration at Karang Tengah is predicted 

to be able to exceed the limit, and maximum concentrations at other points are all below the 

limit. Figure 5.2 shows the isopleth of 24-hour average incremental H2S concentration at Karang 

Tengah from a close distance (zoom in 1). A more detail isopleth over Karang Tengah (zoom in 2) 

can be seen in Figure 5.3. This figure denotes that not all concentration over Karang Tengah are 

predicted to have 84 µg/m
3
 of 24-hour average incremental concentration. Closer distance to 

emission source might undergo higher incremental concentration, but farther distance to 

emission source would have a lower incremental concentration. 

 

Table 5.2 The Example of the Maximum Predicted 24-Hour and Annual Average  
Incremental Concentration of H2S in Sensitive Receptors 

 

No.  Location 
Coordinate (UTM) 

Max Ground Level Concentration 
(µg/m3) 

X Y 
24-hour 
average 

Annual average 

1 Pawuhan  378506.12 9203995.5 13.0 0.99510 

2 Karang Tengah  377023.5 9203184.14 83.8 6.75160 

3 Kepakisan 376101.07 9204097.15 16.5 2.49950 

4 Simpangan  378762.36 9204585.81 26.7 1.27746 

5 Dieng Kulon  379521.06 9202659.82 26.1 0.91760 

 

 

The model also summarizes values of 24-hour average incremental concentration which are 

above H2S standard of 28 µg/m3.  It was predicted that as many as 4,544 calculated 

concentrations out of  815,775 calculated data would be above the limit (0.6%). It would most 

probably happen at receptor points which are located at radius less than 400 m from the cooling 

tower stack.  

 

Calculated data also shows that for Karang Tengah, there would be 161 times data out of 1,825 

calculated data or 8.8 percent which exceed the limit. The model predicts that there would be 
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161 days in 5 years which will undergo concentration above 28  µg/m3, in average 161/5 days (32 

days) or about one month within a year  this area will have a concentration above the limit.  
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Figure 5.2 Maximum Predicted Increment of 24-Hour Average H2S Concentration (Zoom In - 1) 
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Figure 5.3 Maximum Predicted Increment of 24-Hour Average H2S Concentration (Zoom In - 2) 
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The impact of higher terrain on the 24-hour average incremental H2S concentration can be 

identified in the North East of Kepakisan and East of Pawuhan. The incremental H2S 

concentrations which have decreased along with the increasing distance from the source, seems 

to rise again due to the terrain impact. 

 

Figure 5.4 shows the predicted increment of H2S annual average concentration. It can be seen 

that all predicted concentrations are less than the Indonesian odor standard of 28 µg/m3. The 

maximum concentration is estimated 15 µg/m3, occurs approximately at 280 m North West of 

emission source, which in accordance with the direction of blowing to of the most frequent 

annual prevailing winds.   A more detail isopleth over Karang Tengah can be seen in Figure 5.5. 

 

The maximum 8-hour average of H2S incremental concentration is presented in Figure 5.5 and 

Figure 5.6. This 8-hour average concentration is only suitable for assessing the impact of H2S for 

the power plant workers who will be exposed to H2S concentration for approximately eight hour 

averaging time, equals to a normal working day. The maximum value of 8-hour average of H2S 

incremental concentration is predicted 536 µg/m3, well below the threshold value 1,400 µg/m3 

according to the Regulation Number PER.13/MEN/X/2011 of Minister of Employment and 

Transmigration regarding Threshold Values for Physical and Chemical Factors in the Working 

Environment.  
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Figure 5.4 Predicted Maximum Increment of Annual Average H2S Concentration 
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Figure 5.5 Predicted Maximum Increment of Annual Average H2S Concentration (Zoom In) 
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Figure 5.6 Predicted Maximum Increment of 8-Hour Average H2S Concentration 
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Figure 5.7 Predicted Maximum Increment of 8-Hour Average H2S Concentration (Zoom In) 
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6 CONCLUSIONS AND RECOMMENDATION 

 

Modeling of hydrogen sulfide (H2S) dispersion has been done to predict the incremental 

concentration in the operation phase of Dieng 2 and provide an assessment of the air quality 

impact associated with the power plant operation. The non-condensable gases (NCG) will be 

the primary air emissions of concern with regards to odor nuisance and health effects from the 

power plant operation. The NCG are gases that are present with range of 0.09-1.6 wt% in the 

geothermal fluid, not only consist predominantly of carbon dioxide (approximately 97%), but 

also contains H2S.  The concentration of H2S in the NCG released from Dieng 2 operation is 

approximate 4.2%. The NCG will be released from vents located above the mechanical 

evaporative cooling towers, and since it is heavier than air, the H2S may travel along the 

surface ground.  Based on the NCG content in the steam and H2S content in the NCG, total H2S 

emission was calculated 24,5 g/s. This rate will be distributed in 64 cells (stacks), therefore the 

emission concentration at normal condition from each cell is estimated 6.73 mg/Nm3, still well 

below the Indonesian Emission Standard of 30 mg/Nm3.  

  

The air dispersion modeling was carried out by using the AERMOD View which calculated the 

contribution to air quality impacts at the surrounding area of the power plant, including the 

nearby sensitive receptors. The inputs to the model include source parameters, meteorological 

data, topography and land use. According to the meteorological data, annual prevailing winds 

blow from western to eastern area of the emission source, with the most frequent blow from 

South East to North West direction. The effect of prevailing wind can be identified from the 

annual maximum concentration which is located at North West of the cooling tower. 

 

The H2S background concentration or the concentration before the project operation phase 

are taken from the ambient air quality monitoring from DGE Dieng unit 1, but the measured 

concentrations are very small and even under the limit detection of the H2S measurement 

method. In this case, the contribution of background concentration to the incremental 

concentration due to the operation phase of Dieng 2 will be insignificant. 

 

According to the modeling result, the maximum value of 24-hour average incremental H2S 

concentration is predicted 372 µg/m3, which occurs at receptor approximately 150 m North 

East of the cooling tower. The maximum value of annual average incremental H2S 

concentration is estimated 15 µg/m3, occurs at receptor point approximately 280 m North 

West of cooling towers. The model also summarizes that as many as 0.6% of calculated 24-

hour H2S incremental concentration would be above the limit, and most probably happen at 

receptor points which are located at radius less than 400 m from the cooling tower stack. 
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The maximum value of 24-hour average incremental H2S concentration at sensitive receptors 

are predicted 83.8 mg/m3 at Karang Tengah, and maximum concentration at other sensitive 

receptors are predicted well below the ambient standard 28 µg/m3. The model predicts that 

there would be 161 days in 5 years in some parts of Karang Tengah which will undergo 

concentration above 28 µg/m3, in average 161/5 days (32 days) or about one month within a 

year this area will have a concentration above the limit. However, it should be noted that the 

maximum concentration at Karang Tengah is still below the WHO standard 150 µg/m3 for 24-

hour average.  

 

Another important note that should be considered relates to the model assumption. The 

AERMOD might overestimate the actual value of H2S ground level concentration, because the 

H2S is considered as the persistent air pollutant, which is actually not true. It has been 

accepted generally that the most likely mechanism for the atmospheric compound’s removal 

including H2S from the troposphere is an initial oxidation process followed by dry deposition or 

precipitation scavenging. According to Hales et. al. (1974) and Barnes et. al. (1986), the 

significant amount of H2S oxidation in the atmosphere can be caused by the reaction of H2S 

with ozone (O3) and or with OH radicals. This atmospheric chemistry reactions may lead to a 

lower actual concentration of H2S compared to the modeling results. 
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1 Introduction 

The Asian Development Bank’s Patuha Geothermal Power Generation Project will 
provide financing for expanding geothermal power generation in Patuha, Java, 
Indonesia. The project will increase geothermal electric generating capacity of the 
existing power plant Unit 1 through the drilling of new wells for geothermal fluid 
production and reinjection and the construction of a new power plant, Unit 2. 

In the context of the environmental study for the project the acoustic impact of the 
drilling activities during construction and of the new power plant in its state as 
currently planned is to be assessed. For this purpose, a noise study has been 
prepared. It is based on the estimated sound emissions of the acoustically relevant 
components of the drilling activities and the power plants and determines the acoustic 
effect on the surrounding areas. A digital 3-D acoustic model for sound propagation 
calculations has been established and used to predict and simulate the sound field 
around the drilling equipment and the power plants, i.e. the sound pressure level 
contributions of these items. 

Based on the results an assessment has been made to determine whether the 
acoustic impact of the said activities is in compliance with the acoustic requirements 
according to Indonesian legislation, in particular the noise limits and criteria at the 
noise sensitive receptors in the neighborhood of the project. 
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3 Site description 

The geothermal power plants assessed in this study are located in Patuha in Ciwidey 
Regency, West Java. There is an existing geothermal power generation Unit 1 
(55 MW) which started commercial operation in 2014. The proposed new Unit 2 
(55 MW) will be built immediately adjacent to the existing Unit 1 and with a similar 
design. Space and facilities for the new unit and electrical connection have already 
been provided as part of Unit 1 construction. As part of the project new wells for 
geothermal fluid production and reinjection will be drilled and connected to the power 
plants by a Steam Above Ground Gathering System (SAGS), consisting of the piping 
and equipment for transporting the geothermal fluid from the wells up to the 
geothermal power plants and then to the reinjection well pad. 

Since Patuha is a vapor dominated reservoir that produces mostly single-phase 
saturated or slightly superheated steam, the new unit, thermodynamically, will 
comprise a simple Rankine cycle, substantially identical to Unit 1, fed with saturated 
steam at 7,9 bara. Plant configuration envisages a direct steam expansion by means 
of a condensing steam turbine. 

Condensate cooling is assured by means of a wet cooling tower of multi-cell induced 
draft type. A two-stage Non-Condensable Gas extraction system, using ejectors and 
liquid ring vacuum pumps, removes gas from the condenser. The steam turbine, its 
generator and some associated equipment will be inside a power house, whereas the 
steam condenser and most other plant equipment will effectively be installed in the 
open. 

Figure A1 on page 2 in Appendix A shows the locations of existing Unit 1, planned 
new Unit 2 and the locations of the well pads where drilling of new wells (for 
production or reinjection) will take place. 

 

4 Nomenclature and reference levels 

In this document, the following nomenclature is used for sound levels: 

- A-weighted levels are marked by the index letter "A" (as in LA or LWA, for 
example) and the units dB(A). 

- Levels given without the index letter "A" (as L or LW, for example) are linear 
(unweighted) levels and are marked by the units dB. 

 
Sound pressure levels in this study are relative to the reference factor 2 ⋅ 10-5 Pa; 
sound power levels are relative to the reference factor 1 ⋅ 10-12 W. 

Unlike its use in English language, the comma is used as the decimal separator in 
this report. 

The following definitions apply for sound levels relevant to the noise study and 
assessment in this report: 

- "Contribution level" is the sound pressure level contribution from all sound 
sources operated according to a specific operational scenario (see section 6) 
(e.g. operation of Unit 2 or drilling and/or well steam testing). 
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- "Background level" is the sound pressure level contribution from any sound 
sources other than the power plant units or the drilling and testing activities (e.g. 
ambient noise from traffic, settlements, social activities, fauna, weather, etc.). 

- "Baseline level" is the sound pressure level resulting from the cumulative effect 
of the background level and the contribution level from Unit 1. The baseline level 
represents the present acoustic situation with Unit 1 in operation and typical 
background noise present but before any contributions from the project. 

- "Rating level" is the sound pressure level resulting from the cumulative effect of 
the baseline level and the contribution level of the specific operational scenario 
in question (with the exception of any contributions from Unit 1 because these 
are already included in the baseline level). 

 

5 Acoustic criteria and Noise Sensitive Receptors (NSRs) 

According to ADB’s Safeguard Policy Statement (2009), the acoustic impact of the 
new power plant Unit 2 and the associated well drilling and testing activities is to be 
assessed by comparison to the acoustic criteria specified by ADB. These are based 
on the limits defined in Indonesian legislation [12] and the World Bank Group's 
Environmental, Health and Safety Guidelines (WBG EHS Guidelines 2007). 

The assessment in this study is based on the following acoustic criteria (all referring 
to A-weighted sound levels): 

- Noise limit criterion: Compliance is achieved if the rating level determined at a 
specific NSR does not exceed the maximum permissible sound level at the 
NSR. 

- 3 dB criterion: The 3 dB criterion is only relevant if the noise limit criterion is not 
fulfilled, i.e. if the rating level determined at a specific NSR exceeds the 
maximum permissible sound level at the NSR. In this case, compliance is 
achieved if the difference between the rating level and the baseline level at the 
NSR is not greater than 3 dB. 

Table 1 lists the noise sensitive receptors for which the noise criteria have been 
checked in this study and the maximum permissible sound pressure levels ("noise 
limits") at these NSRs. 

Table 1.  Noise sensitive receptors (NSR) and associated maximum permissible A-weighted 
sound pressure levels. 

NSR Name Noise limit day / night 
in dB(A) 

NSR 1 Babakan 55 / 45 

NSR 2 Nyingkur 55 / 45 

NSR 3 Cipaku 70 / 70 

NSR 4 Kendeng 70 / 70 

NSR 5 Galih 55 / 45 

NSR 6 Cikole 55 / 45 

NSR 7 Alamendah 55 / 45 
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NSR Name Noise limit day / night 
in dB(A) 

NSR 8 Panundaan 55 / 45 

NSR 9 Gunung Tilu nature reserve 55 / 45 

 

In the following, for NSRs where different day- and night-time limits exist, the more 
stringent night-time limit has been used in the assessment of the noise criteria. 

Figure A2 on page 3 in Appendix A shows the locations of existing Unit 1, planned 
new Unit 2 and the locations of the noise sensitive receptors. 

 

6 Operating scenarios 

For the following operating scenarios the contribution level (= the sound pressure 
level contribution) from the sound sources associated to the scenario will be 
simulated: 

- Scenario P-O0 (Operational phase) 
- Unit 1 operational 

- Scenario P-O1 (Operational phase) 
- Unit 2 operational 

- Scenario P-C1 (Construction phase, well development) 
- Drilling equipment operational 

- Scenario P-C2 (Construction phase, well development) 
- Drilling equipment operational 
and 
- Well steam testing (steam blowing tests) in progress 

 
For all scenarios, simulations will be performed for the active power plant(s) or drilling 
equipment in normal, failure-free operation. Special operating conditions such as 
start-up, shutdown, emergencies or by-pass operation are not taken into account in 
this study. 

Scenarios P-C1 and P-C2 each comprise altogether 6 sub-scenarios, one for each 
well pad with drilling activities (drilling will only take place in one well pad at a time). 
This results in 54 computed contribution levels ((number of well pads with drilling 
activities) x (number of NSRs) = 6 x 9 = 54). While all of the sub-scenarios have been 
simulated only the maximum contribution level computed at any one NSR and all 
other contribution levels that do or may lead to non-compliance with the noise limit 
criterion (if any) are reported for scenarios P-C1 and P-C2 in this document, for the 
purpose of clarity.  
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7 Sound sources and sound transmission paths 

7.1 General remarks 

The term "sound source" is used in this study mostly for items that directly generate 
and radiate sound. "Sound transmission paths" are items that do not generate sound 
directly by themselves, but are transmitting sound generated by other sources. 
Examples are the facades of buildings which, ultimately, radiate part of the sound 
generated by the equipment inside. 

With respect to the operational phase, information on the layout and design of the 
power plants, on the equipment to be installed and on the technical data of this 
equipment is limited in the current stage. In the modeling process some assumptions 
had to be made as to the components of the power plant that will be installed, their 
location, elevation, properties and operating conditions and their relevance in terms 
of acoustic impact. 

Layout of the power plant and dimensions and geometry of the equipment planned to 
be installed have been assumed based on the information given in [3], [7], [8], [9].  

For the well development in the construction phase the actual drilling process has 
been simulated in this study because it can reasonably be assumed to cause 
significant sound emissions for a longer period of time. In addition, simulations have 
been run for the situation with well steam testing (steam blowing tests) in progress in 
addition to the drilling activities. With respect to information available in the current 
stage and assumptions made in the modeling process, similar remarks as above for 
the operational phase apply. 

Standard noise control that would normally be applied as good industry practice has 
been assumed for the power stations and the drilling activities and equipment sound 
emissions have been calculated accordingly. 

For all components taken into account in either operational or construction phase the 
A-weighted sound power levels, which determine the sound emission of the relevant 
sound sources and sound transmission paths, have been estimated (sometimes 
roughly) based on [3], [7], [8], [9] and the general design data of the respective 
components (as far as available) as well as measurement results obtained from noise 
tests on similar components and our experience in similar projects. 

Note that modifications of the layout or geometry that do not lead to significant 
changes in the volume, the surface or the locations of equipment usually do not have 
a significant influence on the noise emissions of the equipment and the sound field 
around it. 

7.2 Input data and assumptions 

7.2.1 Unit 1 power plant 

The existing Unit 1 power plant has been modeled as a single overall (area) sound 
source in the sound emission and propagation calculations. The sound emission data 
used is based on typical sound emissions for a comparable plant according to 
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measurement results obtained from noise tests on similar plants, our experience in 
similar projects and the design of Unit 2 which will be comparable to Unit 1. 

 

7.2.2 Unit 2 power plant 

For the new Unit 2 power plant the following individual sound sources and sound 
transmission paths have been considered in the sound emission and propagation 
calculations: 

1. Power house (walls and roof) 

2. Power house ventilation 

3. Reinjection pumps 

4. Aux. cooling – cooling water pump 

5. Hot well extraction pumps 

6. NCG ejectors 

7. NCG liquid ring vacuum pumps 

8. Water treatment system 

9. Air conditioning system 

10. Cooling tower 

11. Main transformer 

12. Step-up transformer 

13. Auxiliary transformer 13.8/6.3 kV 

14. Auxiliary transformer 6.3/0.4 kV 

 
For these items the following specific notes apply: 

- Equipment inside the power house (item 1) with sound emissions taken into 
account are the steam turbine, the generator, its cooling pump, the lube oil 
system and some associated equipment. 

- It is assumed that thermal insulation / lagging is applied to the steam turbines, 
all process piping in the station and all vessels that are part of the above cycles 
(steam condensers, etc.). 
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7.2.3 Drilling equipment 

For the drilling equipment the following individual sound sources and sound 
transmission paths have been considered in the sound emission and propagation 
calculations: 

1. Drilling tower 

2. Mud pumps 

3. Mud mixing pumps 

4. De-sander pump 

5. Mud-cleaner pump 

6. Mud stirring gun pump 

7. Diesel-electric power unit 

8. Rig air system 

9. Two-step booster units 

10. Air compressors 

11. Detergent injection pump 

 

7.2.4 Well steam testing 

For the well steam testing (steam blowing tests) the following individual sound 
sources and sound transmission paths have been considered in the sound emission 
and propagation calculations: 

1. Steam vent opening 

For these items the following specific notes apply: 

- The model simulation assumes that a portable rock muffler as described in [10] 
will be in place for the steam tests. Sound emission data used in the modeling is 
based on Section 4 in [10]. 

 

8 3-D acoustic calculation model – general remarks and calculation 
procedure 

8.1 Characteristics of acoustic sound emission 

A characteristic feature of a sound source is the spectrum of its sound power 
level LW. The sound power level in dB indicates the sound power W emitted by a 
sound source on a logarithmic scale, related to Wo = 10-12 Watt: 

 
LW = 10 log (W/Wo) dB. 

 
In practice, a frequency weighting of the levels is usually carried out according to the 
standardised A-weighting curve so that the spectral sensitivity of the human ear is 
taken into account. This is marked by the letter A in the index:  



   

 M151422/03 HTK/HMR  
 2019-09-20  Page 11 

  

   
   

   
   

   
   

   
   

   
   

 S
:\M

\P
ro

j\1
51

\M
15

14
22

\M
15

14
22

_0
3_

B
E

R
_1

E
.D

O
C

X
:2

0.
 0

9.
 2

01
9 

 
LWA in dB(A). 

 
LWA is called A-weighted sound power level. Its spectrum is given in octave bandwidth 
in this report. 

 

8.2 Characteristics of noise at points-of-interest (POI) 

Points-of-interest (POI) in the context here can be the NSRs defined in section 5 but, 
in principle, also any other point in or around the power plants or the well pads with 
drilling activities for which the sound pressure level received from the plants / drilling 
is to be calculated. For example, such POIs can be workplaces within the plant, 
points at the facility boundary or locations in the facilities’ surroundings. 

The noise at arbitrary POIs is described by the sound pressure level (or simply: 
sound level) L in dB, which indicates the sound pressure p caused by a sound source 
on a logarithmic scale, normalised by the reference pressure po = 2 ⋅ 10-5 N/m2: 

 
L = 20 log (p/po) dB. 

 
When using the A-weighting curve:  

 
LA in dB(A). 

 
LA is called A-weighted sound pressure level or A-weighted sound level. 

 

8.3 Sound propagation effects – meteorology 

The sound propagation conditions, which determine the A-weighted sound pressure 
levels caused by a sound source at a specific POI, can vary significantly depend on 
the meteorological situation – in particular, wind direction and velocity as well as the 
stability of the atmosphere have a pronounced impact. As a result, the sound 
pressure levels received at POIs at greater distances can differ accordingly. Usually, 
the highest A-weighted sound levels are measured if the wind blows towards the 
measuring position from the direction of the sound source. 

This situation with moderate wind speeds also leads to the highest reproducibility of 
measurements, i.e. the smallest variance of the measured sound pressure levels at 
the POIs. Thus, the average downwind A-weighted sound pressure level LA(DW) 
(average downwind level according to [13]) can be determined by only a few 
measurements and is the suitable measuring quantity for determining the sound 
pressure levels caused by the plant at a POI. Such a situation is given when the wind 
direction deviates by at most 45° from the connecting line between sound source and 
measuring position. 

The A-weighted sound pressure level LA(LT) which is energetically averaged over a 
longer period, i.e. over all occurring wind directions (long-term average level accord-
ing to [13]), is smaller than the average downwind level LA(DW): 

 
LA(LT)  =  LA(DW) – Cmet. 
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The meteorological correction Cmet, which can be calculated according to [11] 
depends on the distance d between sound source and measuring position, on the 
height of the sound source and the receiver as well as on the local weather statistics 
for wind velocity and direction. The latter effects are accounted for by the factor Co 
(see [11]). If local weather statistics are available, they can be used as a basis for the 
calculation of the values of Co. If no weather statistics are at hand, the calculation is 
usually made with a constant value of Co = 2, which is independent of direction. 

According to TA Lärm [13] the long-term average level should be used for an acoustic 
assessment. However, as a conservative approach, the downwind level LA(DW) has 
been used in the calculations performed here, i.e. the meteorological correction Cmet 
has been set to zero.  

 

8.4 Calculation of the noise at the POIs 

If the acoustic emission of a sound source or part of a plant is known, the noise 
caused at a distance d can be calculated. The calculation method used by the 
acoustic model in this report is described in ISO 9613-2 [11]. Calculation was 
performed frequency-dependent in octave bandwidth. From the octave band 
spectrum LW of a sound power level of a sound source, the expected average sound 
pressure level in downwind direction Lf(DW) at a distance d of the sound source and 
at the octave band frequency f was calculated according to the following equation: 

 

Lf (DW) = LW + Dc - Adiv -  Aatm - Agr - Abar - Amisc 

with 

Dc directivity correction 

Adiv attenuation due to geometrical divergence 

Aatm attenuation due to atmospheric absorption 
(at 20 °C and 70 % relative humidity) 

Agr attenuation due to the ground effect 

Abar attenuation due to a barrier 

Amisc attenuation due to miscellaneous other effects 

 
Regarding the attenuation Agr due to the ground effect, [11] offers two methods:  

- General method: frequency-dependent calculation, taking into consideration the 
acoustic properties of the ground area in the vicinity of the sound source, in the 
vicinity of the POI and in between. This method can be applied for all types of 
noise and for nearly even ground. 

- Alternative method: calculation not depending on the frequency. This method 
can be applied for any type of ground if only the A-weighted sound pressure 
level at the reception point is of interest, if the sound propagation is mainly via 
porous ground and if the sound is no pure tone. 
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Attenuation due to ground effect has been accounted for by the alternative method in 
the calculations performed here. 

 

9 3-D acoustic calculation model – model set-up 

9.1 General remarks 

In the following sections the most important model features are described in general 
terms and special aspects are pointed out. 

Calculation of the sound pressure levels at the POIs is made by computational sound 
propagation calculation for industrial noise emissions according to the procedure 
"Detaillierte Prognose" ("Detailed prognosis") in [13]. 

The sound propagation calculation program used [14] approximates curved elements 
by polygons and automatically splits up line and area sources into sub-units with 
dimensions that are small relative to the distances to the POIs so that they can be 
treated as point sources. 

In the sound propagation calculations, excess attenuation caused by 

- distance, 

- sound absorption in air, and 

- barrier effects (including diffraction around vertical edges) 

is taken into account. 

For the treatment of attenuation due to meteorology and ground effect in the model 
see sections 8.3 and 8.4. 

Up to five reflections at the obstacles present in the model are considered. 

 

9.2 Co-ordinates, topography and geometry 

An orthogonal co-ordinate system is used. The co-ordinate axes are shown in the 
frames of the Figures in Appendix A and Appendix B. The locations of all items that 
are relevant from an acoustics point of view are entered for the calculations in x-, y- 
and h-co-ordinates. 

In particular, in the calculations performed, these items are: 

- point, line and area sound sources 

- obstacles and noise barriers 

- contour lines of the topography 

- NSRs 
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Dimensions, geometry, location and arrangement (where applicable) of the two 
power plants Unit 1 and Unit 2 and of the drilling activities and the associated 
equipment were assumed approximately as given in [3], [7], [8] und [9]. The height of 
the POIs used in the calculations (including the height of the sound field contour plots 
from section 10.2) is 1,5 m above the ground. 

For obstacles and barriers, the edges where sound diffraction may take place as well 
as the vertical surfaces where sound waves are reflected are taken into account. A 
reflection loss of 1 dB is assumed, which is a conservative assumption for most 
technical surfaces. 

The topography is taken from digital terrain model data. 

 

9.3 Sound sources 

All sound sources active (i.e. "on" or emitting noise) in the simulation for a particular 
operating scenario according to section 6 are specified in Table 2 and Table 3. 

Table 2.  Operational phase: Sound sources active (i.e. "on" or emitting noise) in the 
simulations for operating scenarios P-O0 and P-O1 according to section 6. 

Sound source *1 Active / inactive ("–") in 

Scenario  
P-O0 

Scenario  
P-O1 

Unit 1 power plant active - 

Unit 2 power plant - active 

*1 For the individual sound sources and sound transmission paths taken into account for each 
power plant see sections 7.2.1 and 7.2.2. 
 

Table 3.  Construction phase, well development: Sound sources active (i.e. "on" or emitting 
noise) in the simulations for operating scenarios P-C1 and P-C2 according to section 6. 

Sound source *2 Active / inactive ("–") in 

Scenario  
P-C1 

Scenario  
P-C2 

Drilling equipment active active 

Well steam testing in 
progress 

- active 

*2 For the individual sound sources and sound transmission paths taken into account for each 
power plant see sections 7.2.3 and 7.2.4. 
 

Some groups of individual sound sources and sound transmission paths (see 
sections 7.2.1 and 7.2.3) for which no detailed information on the individual 
components is available have been merged together into common area sound 
sources with corresponding overall sound emissions in the model. For such common 
sources the computed results do not resolve the sound field locally for the influence 
of the individual components of the source. 

The sound emitted from stack openings, such as for steam venting, has a significant 
directivity in vertical direction, i.e. it is not radiated uniformly in all directions. Since 
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the directivity of these sources cannot be properly predicted without detailed 
knowledge about the equipment design and process parameters, it has only 
approximately been accounted for in the computations presented in this report. 

 

10 Model calculations and results 

10.1 Noise at the NSRs 

The calculated A-weighted downwind sound pressure levels LA(DW) (see section 8.3) 
of the noise received at the NSRs are listed in Table 4 for the four operating 
scenarios P-O0, P-O1, P-C1 and P-C2 specified in section 6. This is the contribution 
level according to section 4. 

Table 4.  Calculated A-weighted downwind sound pressure level LA(DW) at the NSRs 
(contribution level) at 1,5 m above ground for operating scenarios P-O0, P-O1, P-C1 and  
P-C2 specified in section 6. 

 A-weighted sound pressure level LA(DW) in dB(A) 

 Operational phase Construction phase, well development 

NSR P-O0 P-O1 P-C1 P-C2 

NSR 1 42,7 41,9 38,4 42,1 

NSR 2 28,6 24,2 30,7 33,4 

NSR 3 31,0 26,0 30,6 33,3 

NSR 4 13,6 15,4 50,9 55,0 

NSR 5 26,2 20,7 31,0 33,6 

NSR 6 20,3 19,2 19,6 21,7 

NSR 7 20,1 16,7 20,3 23,0 

NSR 8 16,7 17,0 15,3 17,3 

NSR 9 19,4 16,5 30,0 32,6 

 
 

10.2 Calculated sound pressure fields 

The sound pressure field around the two power plants has been computed by use of 
the 3-D acoustic calculation model for operating scenario P-O0 (Unit 1 operational), 
P-O1 (Unit 2 operational) and the combination of P-O0 with P-O1: 

- Scenario P-O0 plus P-O1 – referred to as P-O2 
(Unit 1 + Unit 2 operational) 

The results are presented here as sound field contour plots in Figures B1 to B3 on 
pages 2 to 4 in Appendix B with contour lines of equal sound pressure levels which 
show the calculated total A-weighted downwind sound pressure levels LA(DW) 
received from the power plants (contribution level). 

In the contour plots the grid resolution for the sound pressure field is 10 m in 
horizontal and vertical direction. The elevation chosen is 1,5 m above ground. 
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11 Assessment 

11.1 Noise monitoring data 

At some of the NSRs relevant for this study, data from noise monitoring 
measurements at these NSRs is available. In the following sections this data, as 
provided in [4], [5] and [6] has been used for the assessment of compliance with the 
acoustic criteria according to section 5. For this purpose the arithmetic average of all 
values reported in [4] for a specific NSR or the logarithmic average of the values 
reported in [5] and [6] for 22:00 - 06:00 has been calculated. The result is considered 
the baseline level at the respective NSR as defined in section 4 and is reported in 
column "Baseline" in Table 5 in the following section. 

 

11.2 Acoustic criteria 

In the following Table 5 an assessment of compliance with the noise limit criterion 
according to section 5 is made. Values in columns P-O1 to P-C2 of the table are the 
A-weighted rating level for the respective NSR as defined in section 4. The rating 
level has been determined by (logarithmically) adding the sound level contribution 
according to Table 4 from the new unit or from the drilling activities during 
construction to the baseline level (obtained from noise monitoring data, see previous 
section). 

Calculated rating levels that exceed the corresponding maximum permissible sound 
level at the NSR (see Table 1) are formatted in bold. No value is given if no 
monitoring data (baseline level) is available. 

Table 5.  A-weighted rating level at the NSRs at 1,5 m above ground for operating scenarios 
P-O1, P-C1 and P-C2 specified in section 6. 

 A-weighted sound pressure level in dB(A) 

  Operational phase Construction phase, well 
development 

NSR Baseline P-O1 P-C1 P-C2 

NSR 1 47,6 48,6 48,0 48,6 

NSR 2     

NSR 3     

NSR 4 49,9 49,9 53,4 56,2 

NSR 5     

NSR 6     

NSR 7 45,0 45,0 45,0 45,0 

NSR 8     

NSR 9     

 

Compliance with the 3 dB criterion according to section 5 is assessed in Table 6. 
Values in the table are the increase in the A-weighted sound pressure level that is 
expected at the NSRs if the sound level contribution from the new unit or from the 
drilling activities during construction is present in addition to the baseline level. This is 
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equivalent to the difference between the rating level from Table 5 and the baseline 
level. 

Calculated differences of more than 3 dB are formatted in bold. 

Table 6.  Expected increase in the A-weighted sound pressure level at the NSRs at 1,5 m 
above ground by the sound level contribution from the new unit or from the drilling activities 
during construction for operating scenarios P-O1, P-C1 and P-C2 specified in section 6. 

  Increase in A-weighted sound pressure level in dB(A) 

  Operational phase Construction phase, well development 

NSR  P-O1 P-C1 P-C2 

NSR 1  1,1 0,5 1,1 

NSR 2     

NSR 3     

NSR 4  0,0 3,5 6,3 

NSR 5     

NSR 6     

NSR 7  0,0 0,0 0,0 

NSR 8     

NSR 9     

 
 

11.3 Compliance overview 

A compliance overview is shown in Table 7. It specifies if the assessment performed 
shows overall compliance with the acoustic criteria according to section 5 ("yes") or 
not ("no") or if it cannot be clearly decided if compliance is achieved ("unclear"). 

There are the following different cases that lead to a "yes", a "no" or an "unclear" in 
Table 7. In the table, the applicable case is suffixed in parentheses to the respective 
assessment result for information. 

a) The value in Table 5 complies with the noise limit criterion  "yes (a)" 

b) The value in Table 5 does not comply with the noise limit criterion but the value 
in Table 6 complies with the 3 dB criterion  "yes (b)" 

c) The value in Table 5 does not comply with the noise limit criterion and the value 
in Table 6 does not comply with the 3 dB criterion  "no (c)" 

d) There is no value given in Table 5 but the values in Table 4 are so low that it is 
guaranteed mathematically that compliance with the noise limit criterion or the 
3 dB criterion is achieved  "yes (d)" 

If neither a), b), c) or d) are valid, Table 7 shows "unclear" to signal a potential non-
compliance. This is the case when no noise monitoring data is available for an NSR 
(= baseline level unknown) but the values in Table 4 are too close to the maximum 
permissible sound level or exceed the maximum permissible sound level. In this case 
compliance or non-compliance cannot be clearly decided because it depends on the 
baseline level at the respective NSR. 
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Table 7.  Overall compliance overview. 

  Overall compliance achieved ? 

  Operational phase Construction phase, well development 

NSR  P-O1 P-C1 P-C2 

NSR 1  yes (b) yes (b) yes (b) 

NSR 2  yes (d) yes (d) yes (d) 

NSR 3  yes (d) yes (d) yes (d) 

NSR 4  yes (a) yes (a) yes (a) 

NSR 5  yes (d) yes (d) yes (d) 

NSR 6  yes (d) yes (d) yes (d) 

NSR 7  yes (a) yes (a) yes (a) 

NSR 8  yes (d) yes (d) yes (d) 

NSR 9  yes (d) yes (d) yes (d) 

 

As shown in Table 6: 

- For all operational scenarios (P-O1) 
 compliance is achieved at all NSRs 

- For all construction scenarios (P-C1, P-C2)  
 compliance is achieved at all NSRs 

Accordingly, no situations with unclear compliance are obtained. 
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12 Uncertainty 

The degree of detail that could be accounted for in the sound emission and 
propagation calculations is limited because only rather general data is available in the 
current planning stage for the two power plants and the drilling activities modeled. 
Accordingly, the accuracy of the obtained results, is limited. 

Values given in this report are calculated with one digit behind the comma. Note that 
the actual accuracy of the calculation results is not 0,1 dB. The uncertainty for the 
results of a sound propagation calculation depends on the individual uncertainties of 
the sound emission data, the propagation calculation itself and the relative 
importance of all sources that contribute to the sound pressure level calculated at a 
specific POI. Consequently, the uncertainty of a predicted sound pressure level is 
generally different for every NSR and every operating condition. 

For the calculations performed, these uncertainties have not been determined and no 
deductions or additions of any kind have been made to take them into account. In all 
given values, tolerances have not been added or subtracted, no safety margins have 
been included. 
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Figure A 1.  Map of the project area showing the locations of existing Unit 1, planned new Unit 2 and the locations of the well 
pads where drilling of new wells (for production or reinjection) will take place. 
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Figure A 2.  Map of the project area showing the locations of existing Unit 1, planned new Unit 2 and the locations 
of the noise sensitive receptors (NSRs). 
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Figure B1: A-weighted sound pressure levels LA(DW) at 1,5 m above ground (contribution level). 
Scenario P-O0: Unit 1 operational.
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Figure B2: A-weighted sound pressure levels LA(DW) at 1,5 m above ground (contribution level). 
Scenario P-O1: Unit 2 operational.
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Figure B3: A-weighted sound pressure levels LA(DW) at 1,5 m above ground (contribution level). 
Scenario P-O2: Unit 1 + Unit 2 operational.
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1 Introduction 

The Asian Development Bank’s Dieng Geothermal Power Generation Project will 
provide financing for expanding geothermal power generation in Dieng, Java, 
Indonesia. The project will increase geothermal electric generating capacity of the 
existing power plant Unit 1 through the drilling of new wells for geothermal fluid 
production and reinjection and the construction of two new power plants, Unit 2 and 
Unit 3. 

In the context of the environmental study for the project the acoustic impact of the 
drilling activities during construction and of the new power plants in their state as 
currently planned is to be assessed. For this purpose, a noise study has been 
prepared. It is based on the estimated sound emissions of the acoustically relevant 
components of the drilling activities and the power plants and determines the acoustic 
effect on the surrounding areas. A digital 3-D acoustic model for sound propagation 
calculations has been established and used to predict and simulate the sound field 
around the drilling equipment and the power plants, i.e. the sound pressure level 
contributions of these items. 

Based on the results an assessment has been made to determine whether the 
acoustic impact of the said activities is in compliance with the acoustic requirements 
according to Indonesian legislation, in particular the noise limits and criteria at the 
noise sensitive receptors in the neighborhood of the project. 
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3 Site description 

The geothermal power plants assessed in this study are located in Dieng in 
Banjarnegara Regency, Central Java. There is an existing geothermal power 
generation Unit 1 (55 MW) which started commercial operation in 1998. The 
proposed new Units 2 and Unit 3 (each 55 MW) will be constructed from green field 
about 2.5 km far from Unit 1. As part of the project new wells for geothermal fluid 
production and reinjection will be drilled and connected to the power plants by a 
Steam Above Ground Gathering System (SAGS), consisting of the piping and 
equipment for transporting the geothermal fluid from the wells up to the geothermal 
power plants and then to the reinjection well pads. 

Thermodynamically the new units will comprise three cycles – a counterpressure 
steam cycle (backpressure steam turbine) with an ORC bottoming cycle (whose heat 
source is the condensing steam) and a second ORC on brine (exploiting the brine 
heat). 

Largest structures in the new power plants are the air cooled condensers that occupy 
a large portion of the available space. In comparison to the coolers, the steam and 
ORC cycles are quite compact. The steam turbines, their generators and some 
associated equipment will be inside a power house, whereas the ORC cycles and 
most other plant equipment will effectively be installed in the open. 

Figure A1 on page 2 in Appendix A shows the locations of existing Unit 1, planned 
new Unit 2 and Unit 3 and the locations of the well pads where drilling of new wells 
(for production or reinjection) will take place. 

 

4 Nomenclature and reference levels 

In this document, the following nomenclature is used for sound levels: 

- A-weighted levels are marked by the index letter "A" (as in LA or LWA, for 
example) and the units dB(A). 

- Levels given without the index letter "A" (as L or LW, for example) are linear 
(unweighted) levels and are marked by the units dB. 

 
Sound pressure levels in this study are relative to the reference factor 2 ⋅ 10-5 Pa; 
sound power levels are relative to the reference factor 1 ⋅ 10-12 W. 

Unlike its use in English language, the comma is used as the decimal separator in 
this report. 

The following definitions apply for sound levels relevant to the noise study and 
assessment in this report: 

- "Contribution level" is the sound pressure level contribution from all sound 
sources operated according to a specific operational scenario (see section 6) 
(e.g. operation of Unit 2 and/or Unit 3 or drilling and/or well steam testing). 

- "Background level" is the sound pressure level contribution from any sound 
sources other than the power plant units or the drilling and testing activities (e.g. 
ambient noise from traffic, settlements, social activities, fauna, weather, etc.). 
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- "Baseline level" is the sound pressure level resulting from the cumulative effect 
of the background level and the contribution level from Unit 1. The baseline level 
represents the present acoustic situation with Unit 1 in operation and typical 
background noise present but before any contributions from the project. 

- "Rating level" is the sound pressure level resulting from the cumulative effect of 
the baseline level and the contribution level of the specific operational scenario 
in question (with the exception of any contributions from Unit 1 because these 
are already included in the baseline level). 

 

5 Acoustic criteria and Noise Sensitive Receptors (NSRs) 

According to ADB’s Safeguard Policy Statement (2009), the acoustic impact of the 
new power plants Unit 2 and Unit 3 and the associated well drilling and testing 
activities is to be assessed by comparison to the acoustic criteria specified by ADB. 
These are based on the limits defined in Indonesian legislation [10] and the World 
Bank Group's Environmental, Health and Safety Guidelines (WBG EHS Guidelines 
2007). 

The assessment in this study is based on the following acoustic criteria (all referring 
to A-weighted sound levels): 

- Noise limit criterion: Compliance is achieved if the rating level determined at a 
specific NSR does not exceed the maximum permissible sound level at the 
NSR. 

- 3 dB criterion: The 3 dB criterion is only relevant if the noise limit criterion is not 
fulfilled, i.e. if the rating level determined at a specific NSR exceeds the 
maximum permissible sound level at the NSR. In this case, compliance is 
achieved if the difference between the rating level and the baseline level at the 
NSR is not greater than 3 dB. 

 
Table 1 lists the noise sensitive receptors for which the noise criteria have been 
checked in this study and the maximum permissible sound pressure levels ("noise 
limits") at these NSRs. 

Table 1.  Noise sensitive receptors (NSR) and associated maximum permissible A-weighted 
sound pressure levels.  

NSR Name Noise limit day / night 
in dB(A) 

NSR 1 Dieng Kulon 55 45 

NSR 2 Dieng  55 45 

NSR 3 Karang Tengah 55 45 

NSR 4 Bakal  55 45 

NSR 5 Kepakisan 55 45 

NSR 6 Pekasiran 55 45 

NSR 7 Sikunang Village 55 45 

N-10  Power Plant 70 70 
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In the following, for NSRs where different day- and night-time limits exist, the more 
stringent night-time limit has been used in the assessment of the noise criteria. 

Figure A2 on page 3 in Appendix A shows the locations of existing Unit 1, planned 
new Unit 2 and Unit 3 and the locations of the noise sensitive receptors. 

 

6 Operating scenarios 

For the following operating scenarios the contribution level (= the sound pressure 
level contribution) from the sound sources associated to the scenario will be 
simulated: 

- Scenario D-O0 (Operational phase) 
- Unit 1 operational 

- Scenario D-O1 (Operational phase) 
- Unit 2 operational 

- Scenario D-O5 (Operational phase) 
- Unit 2 operational 
and 
- Unit 3 operational 

- Scenario D-C1 (Construction phase, well development) 
- Drilling equipment operational 

- Scenario D-C2 (Construction phase, well development) 
- Drilling equipment operational 
and 
- Well steam testing (steam blowing tests) in progress 

 
For all scenarios, simulations will be performed for the active power plant(s) or drilling 
equipment in normal, failure-free operation. Special operating conditions such as 
start-up, shutdown, emergencies or by-pass operation are not taken into account in 
this study. 

Scenarios D-C1 and D-C2 each comprise altogether 11 sub-scenarios, one for each 
well pad with drilling activities (drilling will only take place in one well pad at a time). 
This results in 88 computed contribution levels ((number of well pads with drilling 
activities) x (number of NSRs) = 11 x 8 = 88). While all of the sub-scenarios have 
been simulated only the maximum contribution level computed at any one NSR and 
all other contribution levels that do or may lead to non-compliance with the noise limit 
criterion (if any) are reported for scenarios D-C1 and D-C2 in this document, for the 
purpose of clarity.  
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7 Sound sources and sound transmission paths 

7.1 General remarks 

The term "sound source" is used in this study mostly for items that directly generate 
and radiate sound. "Sound transmission paths" are items that do not generate sound 
directly by themselves, but are transmitting sound generated by other sources. 
Examples are the facades of buildings which, ultimately, radiate part of the sound 
generated by the equipment inside. 

With respect to the operational phase, information on the layout and design of the 
power plants, on the equipment to be installed and on the technical data of this 
equipment is limited in the current stage. In the modeling process some assumptions 
had to be made as to the components of the power plants that will be installed, their 
location, elevation, properties and operating conditions and their relevance in terms 
of acoustic impact. 

Layout of the power plants and dimensions and geometry of the equipment planned 
to be installed have been assumed based on the information given in [3], [5], [6], [7].  

For the well development in the construction phase the actual drilling process has 
been simulated in this study because it can reasonably be assumed to cause 
significant sound emissions for a longer period of time. In addition, simulations have 
been run for the situation with well steam testing (steam blowing tests) in progress in 
addition to the drilling activities. With respect to information available in the current 
stage and assumptions made in the modeling process, similar remarks as above for 
the operational phase apply. 

Standard noise control that would normally be applied as good industry practice has 
been assumed for the power stations and the drilling activities and equipment sound 
emissions have been calculated accordingly. 

For all components taken into account in either operational or construction phase the 
A-weighted sound power levels, which determine the sound emission of the relevant 
sound sources and sound transmission paths, have been estimated (sometimes 
roughly) based on [3], [5], [6], [7] and the general design data of the respective 
components (as far as available) as well as measurement results obtained from noise 
tests on similar components and our experience in similar projects. 

Note that modifications of the layout or geometry that do not lead to significant 
changes in the volume, the surface or the locations of equipment usually do not have 
a significant influence on the noise emissions of the equipment and the sound field 
around it. 
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7.2 Input data and assumptions 

7.2.1 Unit 1 power plant 

The existing Unit 1 power plant, for which no detailed information is available, has 
been modeled as a single overall (area) sound source in the sound emission and 
propagation calculations. The sound emission data used is based on typical sound 
emissions for a comparable plant according to measurement results obtained from 
noise tests on similar plants, our experience in similar projects and the results from 
monitoring measurements at NSR N-10 [4]. 

 

7.2.2 Unit 2 power plant 

For the new Unit 2 power plant the following individual sound sources and sound 
transmission paths have been considered in the sound emission and propagation 
calculations: 

1. Power house (walls and roof) 

2. Power house ventilation 

3. Condensate pump 

4. Bottoming ORC steam turbine 

5. Bottoming ORC generator 

6. Brine ORC steam turbine 

7. Brine ORC generator 

8. Main transformer 

9. Step-up transformer 

10. Auxiliary transformer 

11. Bottoming ORC main transformer 

12. Bottoming ORC step-up transformer 

13. Bottoming ORC auxiliary transformer 11/6.3 kV 

14. Bottoming ORC auxiliary transformer 6.3/0.4 kV 

15. Brine ORC main transformer 

16. Brine ORC step-up transformer 

17. Brine ORC auxiliary transformer 11/6.3 kV 

18. Brine ORC auxiliary transformer 6.3/0.4 kV 

19. Bottoming ORC air cooler fans 

20. Bottoming ORC cooler feed pump 

21. Brine ORC air cooler fans 

22. Brine ORC cooler feed pump 

 
For these items the following specific notes apply: 
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- Equipment inside the power house (item 1) with sound emissions taken into 
account are the steam turbine, the generator, its cooling pump, the lube oil 
system and some associated equipment. 

- It is assumed that thermal insulation / lagging is applied to all turbines (steam, 
bottoming ORC, brine ORC), all process piping in the station (steam, bottoming 
ORC cycle (Butane), brine ORC cycle (Pentane)) and all vessels that are part of 
the above cycles (steam condensers, vaporizers, pre-heaters, etc.). 

 

7.2.3 Unit 3 power plant 

For the new Unit 3 power plant the following individual sound sources and sound 
transmission paths have been considered in the sound emission and propagation 
calculations: 

1. Power house (walls and roof) 

1. Power house ventilation 

2. Condensate pump 

3. Bottoming ORC steam turbine 

4. Bottoming ORC generator 

5. Brine ORC steam turbine 

6. Brine ORC generator 

7. Main transformer 

8. Step-up transformer 

9. Auxiliary transformer 

10. Bottoming ORC main transformer 

11. Bottoming ORC step-up transformer 

12. Bottoming ORC auxiliary transformer 11/6.3 kV 

13. Bottoming ORC auxiliary transformer 6.3/0.4 kV 

14. Brine ORC main transformer 

15. Brine ORC step-up transformer 

16. Brine ORC auxiliary transformer 11/6.3 kV 

17. Brine ORC auxiliary transformer 6.3/0.4 kV 

18. Bottoming ORC air cooler fans 

19. Bottoming ORC cooler feed pump 

20. Brine ORC air cooler fans 

21. Brine ORC cooler feed pump 

 
For these items the same specific notes apply as for Unit 2 above. 
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7.2.4 Drilling equipment 

For the drilling equipment the following individual sound sources and sound 
transmission paths have been considered in the sound emission and propagation 
calculations: 

1. Drilling tower 

2. Mud pumps 

3. Mud mixing pumps 

4. De-sander pump 

5. Mud-cleaner pump 

6. Mud stirring gun pump 

7. Diesel-electric power unit 

8. Rig air system 

9. Two-step booster units 

10. Air compressors 

11. Detergent injection pump 

 

7.2.5 Well steam testing 

For the well steam testing (steam blowing tests) the following individual sound 
sources and sound transmission paths have been considered in the sound emission 
and propagation calculations: 

1. Steam vent opening 

For these items the following specific notes apply: 

- The model simulation assumes that a portable rock muffler as described in [8] 
will be in place for the steam tests. Sound emission data used in the modeling is 
based on Section 4 in [8]. 
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8 3-D acoustic calculation model – general remarks and calculation 
procedure 

8.1 Characteristics of acoustic sound emission 

A characteristic feature of a sound source is the spectrum of its sound power 
level LW. The sound power level in dB indicates the sound power W emitted by a 
sound source on a logarithmic scale, related to Wo = 10-12 Watt: 

 
LW = 10 log (W/Wo) dB. 

 
In practice, a frequency weighting of the levels is usually carried out according to the 
standardised A-weighting curve so that the spectral sensitivity of the human ear is 
taken into account. This is marked by the letter A in the index:  

 
LWA in dB(A). 

 
LWA is called A-weighted sound power level. Its spectrum is given in octave bandwidth 
in this report. 

 

8.2 Characteristics of noise at points-of-interest (POI) 

Points-of-interest (POI) in the context here can be the NSRs defined in section 5 but, 
in principle, also any other point in or around the power plants or the well pads with 
drilling activities for which the sound pressure level received from the plants / drilling 
is to be calculated. For example, such POIs can be workplaces within the plant, 
points at the facility boundary or locations in the facilities’ surroundings. 

The noise at arbitrary POIs is described by the sound pressure level (or simply: 
sound level) L in dB, which indicates the sound pressure p caused by a sound source 
on a logarithmic scale, normalised by the reference pressure po = 2 ⋅ 10-5 N/m2: 

 
L = 20 log (p/po) dB. 

 
When using the A-weighting curve:  

 
LA in dB(A). 

 
LA is called A-weighted sound pressure level or A-weighted sound level. 

 

8.3 Sound propagation effects – meteorology 

The sound propagation conditions, which determine the A-weighted sound pressure 
levels caused by a sound source at a specific POI, can vary significantly depend on 
the meteorological situation – in particular, wind direction and velocity as well as the 
stability of the atmosphere have a pronounced impact. As a result, the sound 
pressure levels received at POIs at greater distances can differ accordingly. Usually, 
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the highest A-weighted sound levels are measured if the wind blows towards the 
measuring position from the direction of the sound source. 

This situation with moderate wind speeds also leads to the highest reproducibility of 
measurements, i.e. the smallest variance of the measured sound pressure levels at 
the POIs. Thus, the average downwind A-weighted sound pressure level LA(DW) 
(average downwind level according to [11]) can be determined by only a few 
measurements and is the suitable measuring quantity for determining the sound 
pressure levels caused by the plant at a POI. Such a situation is given when the wind 
direction deviates by at most 45° from the connecting line between sound source and 
measuring position. 

The A-weighted sound pressure level LA(LT) which is energetically averaged over a 
longer period, i.e. over all occurring wind directions (long-term average level accord-
ing to [11]), is smaller than the average downwind level LA(DW): 

 
LA(LT)  =  LA(DW) – Cmet. 

 
The meteorological correction Cmet, which can be calculated according to [9], 
depends on the distance d between sound source and measuring position, on the 
height of the sound source and the receiver as well as on the local weather statistics 
for wind velocity and direction. The latter effects are accounted for by the factor Co 
(see [9]). If local weather statistics are available, they can be used as a basis for the 
calculation of the values of Co. If no weather statistics are at hand, the calculation is 
usually made with a constant value of Co = 2, which is independent of direction. 

According to TA Lärm [11] the long-term average level should be used for an acoustic 
assessment. However, as a conservative approach, the downwind level LA(DW) has 
been used in the calculations performed here, i.e. the meteorological correction Cmet 
has been set to zero.  

 

8.4 Calculation of the noise at the POIs 

If the acoustic emission of a sound source or part of a plant is known, the noise 
caused at a distance d can be calculated. The calculation method used by the 
acoustic model in this report is described in ISO 9613-2 [9]. Calculation was 
performed frequency-dependent in octave bandwidth. From the octave band 
spectrum LW of a sound power level of a sound source, the expected average sound 
pressure level in downwind direction Lf(DW) at a distance d of the sound source and 
at the octave band frequency f was calculated according to the following equation: 

 

Lf (DW) = LW + Dc - Adiv -  Aatm - Agr - Abar - Amisc 

with 

Dc directivity correction 

Adiv attenuation due to geometrical divergence 

Aatm attenuation due to atmospheric absorption 
(at 20 °C and 70 % relative humidity) 
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Agr attenuation due to the ground effect 

Abar attenuation due to a barrier 

Amisc attenuation due to miscellaneous other effects 

 
Regarding the attenuation Agr due to the ground effect, [9] offers two methods:  

- General method: frequency-dependent calculation, taking into consideration the 
acoustic properties of the ground area in the vicinity of the sound source, in the 
vicinity of the POI and in between. This method can be applied for all types of 
noise and for nearly even ground. 

- Alternative method: calculation not depending on the frequency. This method 
can be applied for any type of ground if only the A-weighted sound pressure 
level at the reception point is of interest, if the sound propagation is mainly via 
porous ground and if the sound is no pure tone. 

 
Attenuation due to ground effect has been accounted for by the alternative method in 
the calculations performed here. 

 

9 3-D acoustic calculation model – model set-up 

9.1 General remarks 

In the following sections the most important model features are described in general 
terms and special aspects are pointed out. 

Calculation of the sound pressure levels at the POIs is made by computational sound 
propagation calculation for industrial noise emissions according to the procedure 
"Detaillierte Prognose" ("Detailed prognosis") in [11]. 

The sound propagation calculation program used [12] approximates curved elements 
by polygons and automatically splits up line and area sources into sub-units with 
dimensions that are small relative to the distances to the POIs so that they can be 
treated as point sources. 

In the sound propagation calculations, excess attenuation caused by 

- distance, 

- sound absorption in air, and 

- barrier effects (including diffraction around vertical edges) 

is taken into account. 

For the treatment of attenuation due to meteorology and ground effect in the model 
see sections 8.3 and 8.4. 

Up to five reflections at the obstacles present in the model are considered. 
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9.2 Co-ordinates, topography and geometry 

An orthogonal co-ordinate system is used. The co-ordinate axes are shown in the 
frames of the figures in Appendix A and Appendix B. The locations of all items that 
are relevant from an acoustics point of view are entered for the calculations in x-, y- 
and h-co-ordinates. 

In particular, in the calculations performed, these items are: 

- point, line and area sound sources 

- obstacles and noise barriers 

- contour lines of the topography 

- NSRs 

 
Dimensions, geometry, location and arrangement (where applicable) of the three 
power plants Unit 1, Unit 2 and Unit 3 and of the drilling activities and the associated 
equipment were assumed approximately as given in [3], [5], [6] and [7]. The height of 
the POIs used in the calculations (including the height of the sound field contour plots 
from section 10.2) is 1,5 m above the ground. 

For obstacles and barriers, the edges where sound diffraction may take place as well 
as the vertical surfaces where sound waves are reflected are taken into account. A 
reflection loss of 1 dB is assumed, which is a conservative assumption for most 
technical surfaces. 

The topography is taken from digital terrain model data. 

 

9.3 Sound sources 

All sound sources active (i.e. "on" or emitting noise) in the simulation for a particular 
operating scenario according to section 6 are specified in Table 2 and Table 3.  

Table 2.  Operational phase: Sound sources active (i.e. "on" or emitting noise) in the 
simulations for operating scenarios D-O0, D-O1 and D-O5 according to section 6. 

Sound source *1 Active / inactive ("–") in 

Scenario  
D-O0 

Scenario  
D-O1 

Scenario  
D-O5 

Unit 1 power plant active - - 

Unit 2 power plant - active active 

Unit 3 power plant - - active 

*1 For the individual sound sources and sound transmission paths taken into account for each 
power plant see sections 7.2.1 to 7.2.3. 
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Table 3.  Construction phase, well development: Sound sources active (i.e. "on" or emitting 
noise) in the simulations for operating scenarios D-C1 and D-C2 according to section 6. 

Sound source *2 Active / inactive ("–") in 

Scenario  
D-C1 

Scenario  
D-C2 

Drilling equipment active active 

Well steam testing in 
progress 

- active 

*2 For the individual sound sources and sound transmission paths taken into account for each 
power plant see sections 7.2.4 and 7.2.5. 
 

Some groups of individual sound sources and sound transmission paths (see 
sections 7.2.1 and 7.2.4) for which no detailed information on the individual 
components is available have been merged together into common area sound 
sources with corresponding overall sound emissions in the model. For such common 
sources the computed results do not resolve the sound field locally for the influence 
of the individual components of the source. 

The sound emitted from stack openings, such as for steam venting, has a significant 
directivity in vertical direction, i.e. it is not radiated uniformly in all directions. Since 
the directivity of these sources cannot be properly predicted without detailed 
knowledge about the equipment design and process parameters, it has only 
approximately been accounted for in the computations presented in this report. 
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10 Model calculations and results 

10.1 Noise at the NSRs 

The calculated A-weighted downwind sound pressure levels LA(DW) (see section 8.3) 
of the noise received at the NSRs are listed in Table 4 for the five operating scenarios 
D-O0, D-O1, D-O5, D-C1 and D-C2 specified in section 6. This is the contribution 
level according to section 4. 

Table 4.  Calculated A-weighted downwind sound pressure level LA(DW) at the NSRs 
(contribution level) at 1,5 m above ground for operating scenarios D-O0, D-O1, D-O5, D-C1 
and D-C2 specified in section 6. 

 A-weighted sound pressure level LA(DW) in dB(A) 

 Operational phase Construction phase, well 
development 

NSR D-O0 D-O1 D-O5 D-C1 D-C2 

NSR 1 10,3 18,3 20,2 59,2 63,5 

NSR 2 15,2 20,3 23,0 46,0 49,8 

NSR 3 19,0 43,2 46,4 44,5 48,1 

NSR 4 21,0 25,2 27,7 29,7 32,4 

NSR 5 14,6 30,0 33,0 47,6 51,7 

NSR 6 10,7 17,6 20,8 26,9 29,4 

NSR 7 36,8 21,8 25,0 27,9 30,6 

N-10 51,2 24,7 27,9 31,3 34,2 

 
 

10.2 Calculated sound pressure fields 

The sound pressure field around the three power plants has been computed by use 
of the 3-D acoustic calculation model for operating scenario D-O0 (Unit 1 operational) 
and the following combinations of D-O0 with the other operational phase scenarios: 

- Scenario D-O0 plus D-O1 – referred to as D-O2 
(Unit 1 + Unit 2 operational) 

- Scenario D-O0 plus D-O5 – referred to as D-O3 
(Unit 1 + Unit 2 + Unit 3 operational) 

The results are presented here as sound field contour plots in Figures B1 to B3 on 
pages 2 to 4 in Appendix B with contour lines of equal sound pressure levels which 
show the calculated total A-weighted downwind sound pressure levels LA(DW) 
received from the power plants (contribution level). 

In the contour plots the grid resolution for the sound pressure field is 10 m in 
horizontal and vertical direction. The elevation chosen is 1,5 m above ground. 
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11 Assessment 

11.1 Noise monitoring data 

At some of the NSRs relevant for this study, data from noise monitoring 
measurements at these NSRs is available. In the following sections this data, as 
provided in [4], has been used for the assessment of compliance with the acoustic 
criteria according to section 5. For this purpose the arithmetic average of all values 
reported in [4] for a specific NSR has been calculated. The result is considered the 
baseline level at the respective NSR as defined in section 4 and is reported in column 
"Baseline" in Table 5 in the following section. 

 

11.2 Acoustic criteria 

In the following Table 5 an assessment of compliance with the noise limit criterion 
according to section 5 is made. Values in columns D-O1 to D-C2 of the table are the 
A-weighted rating level for the respective NSR as defined in section 4. The rating 
level has been determined by (logarithmically) adding the sound level contribution 
according to Table 4 from the new unit(s) or from the drilling activities during 
construction to the baseline level (obtained from noise monitoring data, see previous 
section). 

Calculated rating levels that exceed the corresponding maximum permissible sound 
level at the NSR (see Table 1) are formatted in bold. No value is given if no 
monitoring data (baseline level) is available. 

Table 5.  A-weighted rating level at the NSRs at 1,5 m above ground for operating scenarios 
D-O1, D-O5, D-C1 and D-C2 specified in section 6. 

 A-weighted sound pressure level in dB(A) 

  Operational phase Construction phase, well 
development 

NSR Baseline D-O1 D-O5 D-C1 D-C2 

NSR 1      

NSR 2      

NSR 3 56,7 56,9 57,1 56,9 57,2 

NSR 4      

NSR 5      

NSR 6      

NSR 7 48,5 48,5 48,5 48,6 48,6 

N-10 55,9 55,9 55,9 55,9 55,9 

 

Compliance with the 3 dB criterion according to section 5 is assessed in Table 6. 
Values in the table are the increase in the A-weighted sound pressure level that is 
expected at the NSRs if the sound level contribution from the new unit(s) or from the 
drilling activities during construction is present in addition to the baseline level. This is 
equivalent to the difference between the rating level from Table 5 and the baseline 
level. 
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Calculated differences of more than 3 dB are formatted in bold (none in Table 6). 

Table 6.  Expected increase in the A-weighted sound pressure level at the NSRs at 1,5 m 
above ground by the sound level contribution from the new unit(s) or from the drilling activities 
during construction for operating scenarios D-O1, D-O5, D-C1 and D-C2 specified in 
section 6. 

 Increase in A-weighted sound pressure level in dB(A) 

  Operational phase Construction phase, well 
development 

NSR  D-O1 D-O5 D-C1 D-C2 

NSR 1      

NSR 2      

NSR 3  0,2 0,4 0,3 0,6 

NSR 4      

NSR 5      

NSR 6      

NSR 7  0,0 0,0 0,0 0,1 

N-10  0,0 0,0 0,0 0,0 

 
 

11.3 Compliance overview 

A compliance overview is shown in Table 7. It specifies if the assessment performed 
shows overall compliance with the acoustic criteria according to section 5 ("yes") or 
not ("no") or if it cannot be clearly decided if compliance is achieved ("unclear"). 

There are the following different cases that lead to a "yes", a "no" or an "unclear" in 
Table 7. In the table, the applicable case is suffixed in parentheses to the respective 
assessment result for information.  

a) The value in Table 5 complies with the noise limit criterion  "yes (a)" 

b) The value in Table 5 does not comply with the noise limit criterion but the value 
in Table 6 complies with the 3 dB criterion  "yes (b)" 

c) The value in Table 6 does not comply with the noise limit criterion and the value 
in Table 6 does not comply with the 3 dB criterion  "no (c)" 

d) There is no value given in Table 5 but the values in Table 4 are so low that it is 
guaranteed mathematically that compliance with the noise limit criterion or the 
3 dB criterion is achieved  "yes (d)" 

If neither a), b), c) or d) are valid, Table 7 shows "unclear" to signal a potential non-
compliance. This is the case when no noise monitoring data is available for an NSR 
(= baseline level unknown) but the values in Table 4 are too close to the maximum 
permissible sound level or exceed the maximum permissible sound level. In this case 
compliance or non-compliance cannot be clearly decided because it depends on the 
baseline level at the respective NSR. 
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Table 7.  Overall compliance overview. 

  Overall compliance achieved ? 

  Operational phase Construction phase, well 
development 

NSR  D-O1 D-O5 D-C1 D-C2 

NSR 1  yes (d) yes (d) unclear unclear 

NSR 2  yes (d) yes (d) unclear unclear 

NSR 3  yes (b) yes (b) yes (b) yes (b) 

NSR 4  yes (d) yes (d) yes (d) yes (d) 

NSR 5  yes (d) yes (d) unclear unclear 

NSR 6  yes (d) yes (d) yes (d) yes (d) 

NSR 7  yes (b) yes (b) yes (b) yes (b) 

N-10  yes (a) yes (a) yes (a) yes (a) 

 

As shown in Table 7:  

- For all operational scenarios (D-O1, D-O5) 
compliance is achieved at all NSRs 

- For all construction scenarios (D-C1, D-C2)  
compliance is achieved at NSR 3, 4, 6, 7 and N-10. 
compliance "unclear" is expected at  
  - NSR 1 and 2 (construction at well pad TCH-1)  
  - NSR 5 (construction at well pad H) 
 for the higher day-time limit of 55 dB(A) (see Table 1) compliance "unclear" 
is expected at  
  - NSR 1 (construction at well pad TCH-1) 
   (NSR 2 and 5 are compliant in this case for D-C1 and D-C2, "yes (d)") 

Accordingly, situations with unclear compliance are only obtained at 

- 3 NSRs for noise limit 45 dB(A) and  

- 1 NSR for noise limit 55 dB(A)  

and all for the construction phase, well development scenarios when drilling or drilling 
with steam testing takes place at the well pad next to the respective NSR. 
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11.4 Remarks 

- An overall assessment result of "unclear" in Table 7 does not necessarily mean 
non-compliance because this will depend on the baseline level at the respective 
NSR, which is currently unknown for the NSRs with compliance marked 
"unclear". 

- Assuming that indeed non-compliance is caused by the activities during well 
development in the construction phase: 

Reducing the sound emissions from drilling and well steam testing will require 
additional noise control measures that come at considerable efforts and costs 
and that may even be technically challenging. In view of this and because 
construction goes on for a limited time only – steam testing even more so – it 
may be justified to apply for an exception with the authorities. Affected residents 
could be compensated adequately for days / nights with excessive noise levels. 

Note that normally only a limited number of residents living in the houses at the 
limits of a village will be affected because all others should benefit from the 
acoustic barrier effect from the houses "in the first row". 

 

12 Uncertainty 

The degree of detail that could be accounted for in the sound emission and 
propagation calculations is limited because only rather general data is available in the 
current planning stage for the three power plants and the drilling activities modeled. 
Accordingly, the accuracy of the obtained results, is limited. 

Values given in this report are calculated with one digit behind the comma. Note that 
the actual accuracy of the calculation results is not 0,1 dB. The uncertainty for the 
results of a sound propagation calculation depends on the individual uncertainties of 
the sound emission data, the propagation calculation itself and the relative 
importance of all sources that contribute to the sound pressure level calculated at a 
specific POI. Consequently, the uncertainty of a predicted sound pressure level is 
generally different for every NSR and every operating condition. 

For the calculations performed, these uncertainties have not been determined and no 
deductions or additions of any kind have been made to take them into account. In all 
given values, tolerances have not been added or subtracted, no safety margins have 
been included. 

 

 

  

Dr.-Ing. Carl-Christian Hantschk M.Sc. Marco Geisler  

Telephone  +49 (0)89 / 8 56 02 - 269 +49 (0)89 / 8 56 02 - 3004 

The results relate only to the investigated subjects. 
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Appendix A 

Maps 
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Figure A 1.  Map of the project area showing the locations of existing Unit 1, planned new Unit 2 and Unit 3 and the locations of the well pads where drilling of new wells (for production or reinjection) will take place. 
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Figure A 2.  Map of the project area showing the locations of existing Unit 1, planned new Unit 2 and Unit 3 and the locations of the noise sensitive receptors (NSRs). 
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Appendix B 

Sound field contour plots 
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Figure B1: A-weighted sound pressure levels LA(DW) at 1,5 m above ground (contribution level). 
Scenario D-O0: Unit 1 operational.
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Figure B2: A-weighted sound pressure levels LA(DW) at 1,5 m above ground (contribution level). 
Scenario D-O2: Unit 1 + Unit 2 operational.
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1 Executive Summary 
This document is for an expansion of the Patuha geothermal field, representing two power plants, 
new wells and power lines (hereafter “the Project”), c. 45 km south-west of Bandung in West Java, 
Indonesia. A domestic Environmental Impact Assessment (or “AMDAL”) for the Project was 
completed in 2004, with an AMDAL addendum completed in 2009 and receiving national 
government approval in 2010.  
The Project is being financed by the Asian Development Bank (ADB). In order to implement good-
practice mitigation for this Project, this draft Biodiversity Action Plan (BAP) has been developed 
to align the Project with ADB biodiversity safeguards (ADB 2009). There is limited recent 
information on the status, distribution and ecology of biodiversity in the broader area within which 
the Project is situated, so this BAP has taken a precautionary approach. It is a living document 
and can be adapted during the Project life in response to new information on the scale or 
significance of Project impacts or mitigation and management measures. 
The Project footprint is mainly within Modified Habitat, comprising tea plantations and existing 
geothermal power infrastructure. The new well pad BB, its access road and associated pipelines 
will, however, be constructed within protection forest (hutan lindung). More broadly, the Project is 
situated on the edge of a large forested landscape – a rare and valuable area within Java. A full 
Critical Habitat Assessment (Appendix A) identified this landscape to be likely or actual Critical 
Habitat for: two globally Endangered primates (Javan Surili and Silvery Gibbon); the Critically 
Endangered Javan Leopard; one Critically Endangered (restricted-range), one Endangered, and 
one Vulnerable (restricted-range) birds (Javan Cochoa, Javan Hawk-eagle and Javan Trogon); 
Gunung Tilu Nature Reserve; and the Gunung Tilu-Simpang Important Bird Area (Table 1; Section 
3). 
Without mitigation, the Project could have significant – though small-scale – impacts on some of 
this Critical Habitat-qualifying biodiversity owing to forest loss and fragmentation (Section 4). 
Additional risks are hunting or trapping of wildlife by construction workers, increased longer-term 
hunting and trapping owing to Project-induced access, and introduction of invasive alien species. 
A number of general or standard mitigation/enhancement measures have already been outlined 
in the Project AMDAL and the Initial Environmental Examination (IEE). This BAP includes five 
additional/specific mitigation and management measures (Section 5) necessary to reduce 
residual impacts on Critical Habitat-qualifying biodiversity to levels in line with the ADB Safeguard 
Policy Statement (ADB 2009). These are not anticipated to result in any significant Project time 
delays, and are only anticipated to incur minor capital (<$15,000 USD) plus ongoing monitoring, 
maintenance and repair costs (Section 5.1). These additional measures are: 

• Minimize forest clearance alongside right of way and around well pads (Section 5.1.1); 

• Source construction materials from outside of forested areas (Section 5.1.2);  

• Retain tree canopy connectivity over the new road wherever possible (Section 5.1.3); 

• Install appropriate canopy bridges to increase connectivity over the road for primates 
(Section 5.1.4); and 

• Take care to avoid introduction of new invasive species to, and spread of existing invasive 
species within, the Project area (Section 5.1.5). 

After these general and specific mitigation measures, the Project is predicted to reach no net loss 
for most Critical Habitat-qualifying biodiversity. Only a couple of residual impacts on this priority 
biodiversity are expected to remain measurable by the Project operations phase, particularly 



direct loss of forest habitat but also fragmentation of forest by the road to well pad BB (Section 
5.2).  
Given these residual impacts, and the wider context of major cumulative impacts on forests and 
forest-dwelling species in Java, the Project is also planning to make a positive contribution that 
will offset these residual impacts (Section 5.3), in order to achieve a net gain for the species and 
align with ADB safeguard requirements for projects in areas of Critical Habitat (ADB 2009). 
Specifically, the Project aims to increase its compensation for loss of protection forest over and 
above that required by law, and to collaborate with the Aspinall Foundation to support 
conservation in the neighboring Gunung Tilu Nature Reserve. 
To ensure Project mitigation is successfully implemented and impacts avoided or minimized, the 
Project will undertake a program of monitoring and evaluation (Section 6), which will proceed into 
the operational life of the Project in cases where there is a risk of long-term residual impacts. 
In summary, this Project will be compliant with ADB biodiversity safeguards (ADB 2009) because 
it is not located within a legally protected area and will put in place mitigation (Section 5.1) and 
offsets (Section 5.3) to address impacts on Natural and Critical Habitat that result in: 

(i) no measurable adverse impacts on critical habitat that could impair its ability to 
function; 

(ii) no reduction in the population of any recognized endangered or critically endangered 
species; and 

(iii)  overall benefits substantially outweighing the environmental costs. 
 

2 Introduction 
2.1 Purpose and objectives 
This document is a Biodiversity Action Plan (BAP) for an expansion of the PT Geo Dipa Energi 
(GDE) Patuha Geothermal Power Plant (hereafter “the Project”), south of Bandung, in West Java, 
Indonesia. The Project comprises an expansion of the existing 60 MW geothermal power plant to 
provide another 66 MW of capacity (including 10% spare capacity). This will involve the addition 
of another power plant (unit 2) close to the existing unit 1, covering approximately 120 × 160 m 
plus an area for excavation material. This will be accompanied by new drilling, of 12 wells (R.H. 
Ridwan, GDE, pers. comm. 2019), and associated pipelines as necessary. Existing reinjection 
wells will be used. The Project will be built inside the existing facilities area except for the proposed 
new well pad BB located inside protection forest, connected to existing well pad 4 by a road (and 
adjacent pipelines) estimated at 1.5 km in length. New c. 300 m-long 150 kV power lines will be 
installed from unit 2 to the existing Patuha substation, on existing pylons. Future plans for an 
additional expansion (unit 3 and associated infrastructure) are not part of this Project and are thus 
not considered here. 
A domestic Environmental Impact Assessment (or “AMDAL”) for the Project was completed in 
2004 (hereafter referred to as “the AMDAL”), and an addendum completed in 2009 and receiving 
national government approval in 2010. The Project is being financed by the Asian Development 
Bank (ADB). Under the ADB Safeguard Policy Statement (SPS: ADB 2009), this has been 
identified as a Category B project, for which an Initial Environmental Examination (IEE) has been 
prepared.  
The ADB SPS requires projects in Natural Habitat to design mitigation measures to achieve at 
least no net loss of biodiversity. It requires projects in Critical Habitat to demonstrate ‘no 



measurable adverse impacts, or likelihood of such, on the critical habitat which could impair its 
high biodiversity value or the ability to function’, no ‘reduction in the population of any recognized 
endangered or critically endangered species or a loss in area of the habitat concerned such that 
the persistence of a viable and representative host ecosystem be compromised’, and mitigation 
of any lesser impacts. This BAP assesses these risks and presents the Project’s strategy for 
alignment with the ADB SPS. 
Following the draft ADB Environmental Safeguards Good Practice Sourcebook (ADB 2012), this 
BAP assesses the presence of Critical and Natural Habitat in the Project area (Section 3; 
Appendix A), evaluates potential impacts on priority biodiversity (Section 4), outlines Project 
commitments to mitigation and management measures to achieve at least no net loss for Critical 
and Natural Habitat (Section 5), and summarizes an approach to monitoring and evaluation to 
give assurance of Project performance (Section 6). It is a living document and can be adapted 
during the Project life in response to new information on the scale or significance of Project 
impacts or mitigation and management measures. 

2.2 Approach 
This BAP was developed through a review of existing Project documentation, other existing grey 
and published literature, consultations with GDE and non-government stakeholders within and 
outside Indonesia (Appendix B), and a visit to the site in May 2019. It aligns with the ADB SPS 
(ADB 2009) and International Finance Corporation Performance Standard 6 and its 
accompanying Guidance Note (IFC 2012, 2019). 
Except where necessary, this document does not repeat extensive information available in other 
key project documents, such as the AMDAL or the ADB Initial Environmental Examination within 
which this annex sits, developed as part of the process of compliance with the ADB SPS (“the 
ADB EIA”). 

2.3  Key information gaps 
There is limited recent information on the status, distribution and ecology of biodiversity in the 
area within which the Project is located. This BAP has thus been developed on a precautionary 
basis, assuming – where there is doubt – that species may be present in the Project area and 
may be affected by the Project.  
Some detailed aspects of Project implementation currently remain unclear, notably the precise 
location of well pad BB and the route of the access road to this location. Give this, a precautionary 
approach has been taken to assessing Project impacts. 

3 Biodiversity  
3.1 Context 
The Project area falls within the tropical, very wet Western Java Montane Rain Forests ecoregion 
(Wikramanayake et al. 2002). This comprises a range of volcanoes with moderate endemism – 
particularly concentrated in birds (BirdLife International 2019a). Most of this area would naturally 
have been covered in evergreen, semi-evergreen or montane forest, but less than 20% of original 
habitat now remains (Wikramanayake et al. 2002). The forest near the project is part of the second 
largest remaining rain forest block in Java (Jacobson et al. 2016), including some sub-montane 
forest (an increasingly rare habitat in Java). Most remaining forest in Java is now officially 
protected, and the extensive forests near the Project have so far retained most of their original 



species (S. van Balen in litt. 2019), but hunting and trapping – particularly of birds – remains a 
severe threat to biodiversity.  

3.2 Priority biodiversity 
On a precautionary basis, a full Critical Habitat Assessment (Appendix A) identified the area within 
which the Project is situated to be likely or actual Critical Habitat for: one globally Critically 
Endangered and two Endangered primates; the Critically Endangered Javan Leopard; two 
Critically Endangered (including one restricted-range), one Endangered, and one Vulnerable 
(restricted-range) birds; one protected area; and one internationally-recognized area (Table 1). 
Some uncertainty remains in the conclusions of this assessment, given limited information on a 
number of species in forest areas adjacent to the Project. Nonetheless, this uncertainty will not 
change the overall conclusions of this assessment. Although in some cases conclusions could be 
refined by further studies, on a precautionary basis the features listed in Table 1 should all be 
considered priority biodiversity for the Project to avoid, mitigate and – if necessary – offset impacts 
upon. 
Based on Appendix A, Figure 1 summarizes the location of Natural and Modified Habitat in the 
Project area. Remaining forest may be heavily impacted, particularly by hunting and bird trapping, 
but often retains a relatively natural structure. As such, forest areas in the Project AoA can be 
considered Natural Habitat, and non-forest areas Modified Habitat. Data on individual species’ 
distributions across the area are sufficiently sparse to preclude detailed mapping of Critical 
Habitat. On a precautionary basis, it should therefore be assumed that all Natural Habitat may 
also qualify as Critical Habitat. Following this table and maps are a set of brief profiles for Critical 
Habitat-qualifying biodiversity, focusing on where and when each is likely to occur in the Project 
area. More extensive details of why each feature meets Critical Habitat criteria are given in 
Appendix A. 
 
Table 1. Summary of Critical Habitat-qualifying biodiversity in the Project area 

Biodiversity 
type 

Biodiversity Critical Habitat 
criterion qualified 

Justification Present in 
Project 
impact 
area? 

1 2 3 4 5 6 

Mammal Javan Surili 
Presbytis 
comata 

X      AoA is likely to support more than 0.5% of the 
population, and five pairs, of this globally 
Endangered primate. 

Yes 

Mammal Silvery Gibbon 
Hylobates 
moloch 

X      AoA supports more than 0.5% of the population, 
and five pairs, of this globally Endangered 
primate. 

No 

Mammal Javan Leopard 
Panthera 
pardus melas 

X      Quite possible that the AoA supports more than 
0.5% of the population, and five pairs, of this 
globally Critically Endangered subspecies. 

Yes 

Mammal Javan Shrew-
like Mouse 
Mus vulcani 

 X     On a precautionary basis, it is possible that the 
AoA holds more than 10% of the global 
population of this restricted-range species. 

Possibly 

Bird Javan Hawk-
eagle Nisaetus 
bartelsi 

X      The AoA quite likely supports more than 0.5% of 
the population, and five pairs, of this globally 
Endangered species. 

Possibly 

Bird Javan Trogon 
Apalharpactes 
reinwardtii 

 X     On a precautionary basis, it is possible that the 
AoA holds more than 10% of the global 
population of this globally Vulnerable restricted-
range species. 

Yes 

Bird Javan Cochoa 
Cochoa 
azurea 

X X     Recorded during baseline surveys, and quite 
possible that the AoA supports more than 10% of 
the population of this globally Critically 
Endangered restricted-range species. 

Yes 

Protected 
area 

Gunung Tilu 
Nature 
Reserve 

     X Internationally and nationally recognized IUCN 
Category Ia protected area of high biodiversity 
value. 

Adjacent 



Internationally 
recognized 
area 

Gunung Tilu-
Simpang 
Important Bird 
Area 

     X Area of high biodiversity value, internationally 
recognized as an Important Bird Area and Key 
Biodiversity Area. 

Adjacent 

 

 
Figure 1. Map of Project area, showing locations of Area of Analysis and areas of Natural 
and Modified Habitat. On a precautionary basis, in the absence of much distribution data 
for biodiversity, all Natural Habitat may also qualify as Critical Habitat 
Note: Alignment of Key Biodiversity Areas is inaccurate for this region in the global dataset. For maps in this report, 
KBAs have been re-aligned to best fit the protected and forested areas they are presumably intended to represent. 
 
Javan Surili (Presbytis comata) 
Photos and more information are available here. 
This species of leaf monkey is endemic to West and Central Java, and considered globally Endangered 
owing to forest loss and hunting (Nijman & Richardson 2008). It occurs at the edge of forest and in 
secondary growth, and descends to the ground when necessary. Project baseline surveys reported 12-24 
adults around wells G, U and V (PT Geo Dipa 2018). Although the survey report is not clear on this 
matter, it appears likely that at least five females of breeding age may be present.  
 
Silvery Gibbon (Hylobates moloch) 
Photos and more information are available here. 
The Silvery or Javan Gibbon occurs in west and central Java, as far east as the Dieng Mountains, and is 
considered globally Endangered (Andayani et al. 2008). Its main threat has been loss of forests. 
While mostly found in forests below 1,600 m, it does occur up to 2,400 m. It can tolerate a moderate 
amount of forest degradation. While not recorded during Project baseline surveys (PT Geo Dipa 2018), 



and not known from areas near Project infrastructure, it occurs in neighboring Gunung Tilu Nature 
Reserve (Made Wedana, Aspinall Foundation, pers. comm. 2019). 
 
Javan Leopard (Panthera pardus melas) 
Photos and more information are available here. 
This subspecies is considered globally Critically Endangered, as a result of habitat loss, hunting, and 
depletion of its prey base (Ario et al. 2008). A population is known to persist in the ‘Gunung Simpang, 
Papndayan’ forest block, broadly covering the Project area (Jacobson et al. 2016) and PT Geo Dipa 
(2018) reports signs of one individual near project infrastructure. 
It is generally restricted to forested habitats, though it may enter open country to hunt at night. Given the 
large range size that this species requires, it is likely that only one mature individual uses the Project area 
(or possibly two if the Project is on the border of two territories). Nonetheless, this is significant for an 
animal with an estimated global population of less than 250 mature individuals. 
 
Javan Shrew-like Mouse (Mus vulcani) 
More information is available here. 
This species is not considered threatened, but is only known from a few locations in West Java and so is 
considered restricted-range (Clayton & Kennerley 2016). It is known from 2,000-3,000 m in upper 
montane forest and alpine scrub above the tree line. Although not noted on baseline surveys, this species 
may well occur within the Project area. 
 
Javan Hawk-eagle (Nisaetus bartelsi) 
More information is available here. 
This species historically occurred throughout Java but is considered globally Endangered (BirdLife 
International 2017), owing to loss of forest and capture for the pet trade. It has been recorded in the 
vicinity of the Project in the past and is considered likely to persist (van Balen et al. 1999).  
It occurs from sea level to high mountains, but is most common on rugged slopes at 500-1,000 m. It is 
tolerant of some level of forest degradation, with some younger birds even hunting in agricultural habitats 
with scattered tree cover. Although not noted on baseline surveys, it may well thus occur within the 
Project area. 
 
Javan Trogon (Apalharpactes reinwardtii) 
More information is available here. 
This restricted-range bird is considered globally Vulnerable, largely as a result of forest loss (BirdLife 
International 2016b). 
It historically occurred from 800-2,600 m, across West and Central Java, but appears to be more common 
in mid-montane forests and has now been restricted to a few isolated mountains. It was recorded during 
Project surveys (PT Geo Dipa 2018). 
 
 
Javan Cochoa (Cochoa azurea) 
More information is available here. 
This restricted-range bird is endemic to mountains in west and central Java and is considered globally 
Vulnerable, primarily owing to forest loss (BirdLife International 2016d). 
It occurs in low densities at 900-3,000 m, particularly on higher peaks, but there are only recent records 
from just four sites. Observations in the Project area during baseline surveys (PT Geo Dipa 2018) are 
thus significant. 
 
Gunung Tilu Nature Reserve  
This site directly adjoins the Project area and is designated as an IUCN Category Ia protected area, the 
highest level of protection. It is managed by the West Java Division of Natural Resources Conservation 
(Balai Besar Konservasi Sumber Daya Alam Jawa Barat), and includes a primate rehabilitation and 
release center run by the Aspinall Foundation. 
 



Gunung Tilu-Simpang Important Bird Area  
More information is available here. 
The internationally recognized Gunung Tilu-Simpang Important Bird Area (de facto also a Key 
Biodiversity Area) also adjoins the Project area (BirdLife International 2019b), as its boundary is loosely 
based on that of Gunung Tilu Nature Reserve and Gunung Simpang Nature Reserve to the south (Figure 
2). This IBA is of particular importance for Javan Hawk-eagle (see above). 

4 Potential impacts on Critical and Natural Habitat 
Following the impact assessment methodology used in the ADB EIA, pre-mitigation impacts on 
Critical Habitat (Table 1) are assessed in Table 2 and discussed in Section 4.1. Impacts on Natural 
Habitat are discussed in Section 4.2. 

4.1 Impacts on Critical Habitat 
The Project AoA represents likely or actual Critical Habitat for three primates, Javan Leopard, four 
birds, a protected area, and an internationally-recognized area (Table 1). The magnitude of risks 
to this Critical Habitat-qualifying biodiversity ranges from minor-major, given their rarity, 
threatened status, conservation importance, and level of public concern about these species and 
sites (Table 2).  
The overall significance of potential impacts on Critical Habitat is assessed as Low-Medium 
(Table 2). There will be some direct loss of protection forest for well pad BB and a road and 
pipelines to that well pad. It is estimated that the well pad will involve clearance of an area of 150 
× 120 m. The connecting road could reach 1.5 km in length and be up to 8 m wide (Section 5.1.1). 
As such, the total Project footprint in Critical Habitat is precautionarily estimated as (0.15 × 0.12) 
+ (1.5 × 0.008) = 0.03 km2 = 3 ha. This is a significant loss, albeit small in the context of the 
broader forest block adjacent to the Project. Directional drilling for well PTH-1C will go near, but 
not underneath, the Gunung Tilu Nature Reserve. 
Most disturbance from construction and operations will take place in areas of Modified Habitat, 
away from most Critical Habitat-qualifying biodiversity. Impacts of displacement of species owing 
to this disturbance are thus assessed to be of Low significance. 



Table 2. Impact assessment for Critical Habitat-qualifying biodiversity in the Project area  
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Gunung Tilu Nature 
Reserve, Gunung Tilu-
Simpang Important Bird 

Area, and Silvery Gibbon 
(Hylobates moloch) 

Vegetation 
cover P Introduction of invasive alien species. H M M MOD LT INTER H UNLIKE M 

Javan Slow Loris 
(Nycticebus javanicus) 

and Javan Surili (Presbytis 
comata) 

Habitat 

P Loss of vegetation cover in specific areas of the project. H H M MAJ MT SMALL M POSS M 

P Modification and fragmentation of habitat due to loss of 
vegetation cover. H H L MAJ MT SMALL M POSS M 

P Introduction of invasive alien species. H M M MOD LT INTER H UNLIKE M 

Distribution 
P, C Displacement of species due to noise, presence of 

machinery and equipment and presence of staff. H M L MOD ST SMALL L POSS L 

O Displacement of species due to noise from normal traffic, 
operation or maintenance activities. M M L MOD LT SMALL M UNLIKE L 

Mortality 
C Mortality of individuals, from poaching by construction 

workers. H H H MAJ ST SMALL M POSS M 

O Mortality of individuals, owing to induced access for 
poachers/hunters via project roads. H H H MAJ LT SMALL H POSS H 

Javan Leopard (Panthera 
pardus melas), Javan 
Hawk-eagle (Nisaetus 
bartelsi), Javan Trogon 

(Apalharpactes reinwardtii) 
and Javan Cochoa 
(Cochoa azurea) 

Habitat 

P Loss of vegetation cover in specific areas of the project. M M L MOD MT SMALL M POSS M 

P Modification and fragmentation of habitat due to loss of 
vegetation cover. M L L MIN MT SMALL L POSS L 

P Introduction of invasive alien species. M L M MOD LT INTER H UNLIKE M 

Distribution 
P, C Displacement of species due to noise, presence of 

machinery and equipment and presence of staff. M M L MOD ST SMALL L POSS L 

O Displacement of species due to noise from normal traffic, 
operation or maintenance activities. L L L MIN LT SMALL M UNLIKE L 

Mortality 
C Mortality of individuals, from poaching by construction 

workers. H M H MAJ ST SMALL M POSS M 

O Mortality of individuals, owing to induced access for 
poachers/hunters via project roads. H M H MAJ LT SMALL H POSS H 

Javan Shrew-like Mouse 
(Mus vulcani) Habitat 

P Loss of vegetation cover in specific areas of the project. H L M MOD MT SMALL M POSS M 

P Modification and fragmentation of habitat due to loss of 
vegetation cover. H L L MOD MT SMALL M POSS M 

P Introduction of invasive alien species. H L M MOD LT INTER H UNLIKE M 
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Mortality P, C Mortality of individuals due to equipment operation. H L M MOD ST SMALL L POSS L 
 
Notes: Project Phase = P-Preparation, C-Construction, WC-Worksheet Closure, O-Operation; Magnitude = MAJ-Major, MOD-Moderate, MIN-Minor; Timeframe = LT-Long-
term, MT-Medium-term, ST-Short-term; Spatial Scale = INTER-Intermediate, SMALL-Small; Probability = DEF-Definite, POSS-Possible, UNLIKE-Unlikely. 
 



The potential for indirect impacts is also of concern. GDE has no specific written policies on – 
or penalties for – issues such as hunting or trapping of wildlife. At present, despite 
understanding by senior staff that it is not allowed (M.S. Dencio, GDE, pers. comm. 2019), 
hunters (even with cars or dogs) regularly use GDE roads (M. Wedana, Aspinall Foundation, 
pers. comm. 2019). Current security guards and gates are thus not effective against 
hunting/poaching. Without additional mitigation, there is a risk of hunting or trapping of wildlife 
by construction workers, or increased hunting and trapping in the long term owing to increased 
access to forests along the new road from well pad 4 to new well pad BB. Such impacts can 
be severe, though will be limited in extent for this Project owing to the small area of forest to 
which the Project will increase access. As such, the potential impact of hunting or trapping 
of wildlife by construction workers, and increased longer-term hunting and trapping 
owing to induced access, is considered of High significance.  
A potential indirect project impact on Critical Habitat is the introduction of invasive alien 
species (IAS). The Global Invasive Species Database (http://www.iucngisd.org/gisd) has 
records for 168 terrestrial or freshwater IAS in Indonesia, of which 96 are plants. IAS can 
spread rapidly once introduced, significantly modifying habitat for forest-dependent species, 
and present a very high risk to biodiversity globally. There is potential for construction 
machinery, equipment or materials to introduce IAS to forested areas within the Project site, 
particularly plants – e.g., as seeds within soil on machinery. On a precautionary basis, the 
potential impact of introduction of invasive alien species is considered of Medium 
significance.  

4.2  Impacts on Natural Habitat 
All Natural Habitat is precautionarily treated as Critical Habitat, in the absence of detailed 
information on the distribution of key species (Section A.3). As a result, impacts on Natural 
Habitat will be the same as those on Critical Habitat (Section 4.1).  

5 Mitigation and conservation measures for impacts on 
Critical and Natural Habitat 
5.1 Mitigation and management measures 
A number of general or standard mitigation/enhancement measures are outlined for this 
Project in the AMDAL and summarized in the ADB IEE. Table 3 summarizes general/standard 
mitigation measures relevant to potential Project impacts on Critical Habitat-qualifying 
biodiversity (Section 4). Table 3 also includes five additional/Project-specific mitigation 
measures necessary to reduce residual impacts on Critical Habitat-qualifying biodiversity to 
levels in line with the ADB Safeguard Policy Statement (ADB 2009), based on a precautionary 
approach. These additional mitigation measures are explained in Section 5.1.1-5.1.5, and are 
only anticipated to result in minimal costs (<$15,000 USD) and no Project time delays.  



Table 3. Mitigation and management measures for Critical Habitat-qualifying biodiversity. 

Environmental 
Component Aspect Project 

phase Impact Mitigation action 
Responsibility 

Development/ 
implementation Control 

Gunung Tilu 
Nature Reserve, 

Gunung Tilu-
Simpang Important 

Bird Area, and 
Silvery Gibbon 

(Hylobates moloch) 

Vegetation 
cover 

P 
Loss of vegetation cover 
in specific areas of the 
project. 

Minimise forest clearance alongside right of way and around well pads. 
Detailed design and 
civil works contractors 

PT Geo 
Dipa Patuha 

Source construction materials from outside of forested areas. Civil works contractor 
PT Geo 
Dipa Patuha 

P 
Introduction of invasive 
alien species. 

Take care to avoid introduction of new invasive species to, and spread of 
existing invasive species within, the Project area through:  
- washing of vehicles, equipment and supplies before entry to the Project 
area;  
- monitoring for invasive species; and  
- control/eradication of invasive species where found. 

Civil works contractor 
PT Geo 
Dipa Patuha 

Javan Slow Loris 
(Nycticebus 

javanicus) and 
Javan Surili 

(Presbytis comata) 

Habitat 

P 
Loss of vegetation cover 
in specific areas of the 
project. 

Minimise forest clearance alongside right of way and around well pads. 
Detailed design and 
civil works contractors 

PT Geo 
Dipa Patuha 

Source construction materials from outside of forested areas. Civil works contractor 
PT Geo 
Dipa Patuha 

P 

Modification and 
fragmentation of habitat 
due to loss of vegetation 
cover. 

Retain tree canopy connectivity over the new road wherever possible. 
Detailed design and 
civil works contractors 

PT Geo 
Dipa Patuha 

Install appropriate canopy bridges to increase connectivity over the road for 
primates. 

Civil works contractor, 
supported by Aspinall 
Foundation 

PT Geo 
Dipa Patuha 

P 
Introduction of invasive 
alien species. 

Take care to avoid introduction of new invasive species to, and spread of 
existing invasive species within, the Project area through:  
- washing of vehicles, equipment and supplies before entry to the Project 
area;  
- monitoring for invasive species; and  
- control/eradication of invasive species where found. 

Civil works contractor 
PT Geo 
Dipa Patuha 

Distribution 

P, C 

Displacement of species 
due to noise, presence 
of machinery and 
equipment and presence 
of staff. Regularly maintain and inspect/certificate all vehicles, equipment and 

machinery to ensure that noise levels conform to prescribed standards. 
Civil works contractor 

PT Geo 
Dipa Patuha 

O 

Displacement of species 
due to noise from 
normal traffic, operation 
or maintenance 
activities. 



Environmental 
Component Aspect Project 

phase Impact Mitigation action 
Responsibility 

Development/ 
implementation Control 

Mortality 

C 
Mortality of individuals, 
from poaching by 
construction workers. 

Implement a strict code of conduct forbidding hunting/trapping, and purchase 
of wildlife, with heavy penalties. Train all personnel on this code of conduct, 
and its justification. 

Civil works contractor 
PT Geo 
Dipa Patuha 

O 

Mortality of individuals, 
owing to induced access 
for poachers/hunters via 
project roads. 

Install staffed access control on new road to well pad BB, allowing access to 
no-one except GDE or company staff, or government officials, and inspecting 
departing vehicles for poached wildlife. 

PT Geo Dipa Patuha 

Javan Leopard 
(Panthera pardus 

melas), Javan 
Hawk-eagle 

(Nisaetus bartelsi), 
Javan Trogon 

(Apalharpactes 
reinwardtii) and 
Javan Cochoa 

(Cochoa azurea) 

Habitat 

P 
Loss of vegetation cover 
in specific areas of the 
project. 

Minimise forest clearance alongside right of way and around well pads. 
Detailed design and 
civil works contractors 

PT Geo 
Dipa Patuha 

Source construction materials from outside of forested areas. Civil works contractor 
PT Geo 
Dipa Patuha 

P 

Modification and 
fragmentation of habitat 
due to loss of vegetation 
cover. 

Retain tree canopy connectivity over the new road wherever possible. 
Detailed design and 
civil works contractors 

PT Geo 
Dipa Patuha 

P 
Introduction of invasive 
alien species. 

Take care to avoid introduction of new invasive species to, and spread of 
existing invasive species within, the Project area through:  
- washing of vehicles, equipment and supplies before entry to the Project 
area;  
- monitoring for invasive species; and  
- control/eradication of invasive species where found. 

Civil works contractor 
PT Geo 
Dipa Patuha 

Distribution 

P, C 

Displacement of species 
due to noise, presence 
of machinery and 
equipment and presence 
of staff. Regularly maintain and inspect/certificate all vehicles, equipment and 

machinery to ensure that noise levels conform to prescribed standards. 
Civil works contractor 

PT Geo 
Dipa Patuha 

O 

Displacement of species 
due to noise from 
normal traffic, operation 
or maintenance 
activities. 

Mortality C 
Mortality of individuals, 
from poaching by 
construction workers. 

Implement a strict code of conduct forbidding hunting/trapping, and purchase 
of wildlife, with heavy penalties. Train all personnel on this code of conduct, 
and its justification. 

Civil works contractor 
PT Geo 
Dipa Patuha 



Environmental 
Component Aspect Project 

phase Impact Mitigation action 
Responsibility 

Development/ 
implementation Control 

O 

Mortality of individuals, 
owing to induced access 
for poachers/hunters via 
project roads. 

Install staffed access control on new road to well pad BB, allowing access to 
no-one except GDE or company staff, or government officials, and inspecting 
departing vehicles for poached wildlife. 

PT Geo Dipa Patuha 

Javan Shrew-like 
Mouse (Mus 

vulcani) 

Habitat 

P 
Loss of vegetation cover 
in specific areas of the 
project. 

Source construction materials from outside of forested areas. Civil works contractor 
PT Geo 
Dipa Patuha 

Minimise forest clearance alongside rights of way and around well pads. 
Detailed design and 
civil works contractors 

PT Geo 
Dipa Patuha 

P 

Modification and 
fragmentation of habitat 
due to loss of vegetation 
cover. 

P 
Introduction of invasive 
alien species. 

Take care to avoid introduction of new invasive species to, and spread of 
existing invasive species within, the Project area through:  
- washing of vehicles, equipment and supplies before entry to the Project 
area;  
- monitoring for invasive species; and  
- control/eradication of invasive species where found. 

Civil works contractor 
PT Geo 
Dipa Patuha 

Mortality P, C 
Mortality of individuals 
due to equipment 
operation. Train personnel to identify and remove this species from construction areas. 

Civil works contractor 
PT Geo 
Dipa Patuha 

 
 



5.1.1 Minimize forest clearance alongside rights of way and around well pads 
Government regulations require a minimum Right of Way (RoW) of 10 m, but this is interpreted 
as only necessary in built-up areas. In practice, GDE will only need a RoW of 7-8 m during 
operation, so can minimize forest clearance along the RoW (M.S. Dencio, GDE Patuha, pers. 
comm. 2019). The road will need to be 5-6 m wide during construction but can be narrowed 
to 4-5 m during operation. The additional 2-3 m will be needed for adjacent pipelines. The 
estimated area needed for new well pad BB is 150 × 120 m, but it is possible this can be 
reduced if some materials for construction are laid down at well pad 4 (which may have 
additional benefits in managing invasive species: Section 5.1.5). Minimization of forest 
clearance is not anticipated to cause any significant time delay for the Project, and will actually 
save the Project money as it will reduce costs of legal compensation required for impacts on 
protection forest. 

5.1.2 Source construction materials from outside of forested areas 
Direct forest clearance by the Project is limited (Section 4.2), but it is possible construction 
materials may be sourced from forest areas near the Project. This could potentially impact a 
range of Critical Habitat-qualifying species that occur in nearby forests (Section 4.1). These 
risks can be simply and effectively avoided by sourcing of all construction materials such as 
wood, sand or gravel from existing plantations or quarries in Modified Habitat. This mitigation 
measure is not anticipated to cause any significant additional cost or time delay for the Project. 

5.1.3 Retain tree canopy connectivity over the new road wherever possible 
The new road from well pad 4 to new well pad BB may be up to 1.5 km long. Given a predicted 
clearance width of 7-8 m, this road may fragment the landscape for arboreal species, including 
Javan Surili (Section 5.1.4). The width of the road will be minimized (Section 5.1.1), and 
canopy bridges installed (Section 5.1.4), but it will be preferable to retain natural tree canopy 
connectivity across the road wherever possible. During detailed design of the route of the new 
road, opportunities will be identified for leaving large trees standing either side of the road 
where they could have connected canopies across the road. This mitigation measure is not 
anticipated to cause any significant additional cost or time delay for the Project. 

5.1.4 Install appropriate canopy bridges to increase connectivity over the road 
for primates 
The Project aims to retain as much canopy connectivity across the road as possible. The 
anticipated width of the right of way (RoW) is 7-8 m. Javan Surili will descend to, and cross, 
roads, but prefers to cross gaps using trees if possible (Javan Slow Loris and Silvery Gibbon 
are even more strictly arboreal). Clearance of the RoW thus presents not only direct habitat 
loss impacts, but also potential fragmentation impacts. Such impacts can be minimized or 
compensated for by installation of frequent artificial canopy bridges made of ropes, poles, etc. 
Various types have been used by primates in many countries around the world (e.g., Junker 
et al. 2018; Balbuena et al. 2019). The most appropriate frequency, design and materials for 
each species may differ slightly, and can best be guided by review of literature and testing by 
key experts (such as those from the Aspinall Foundation). Bridges would have to be at least 
5.5 m above the ground, as vehicles during operation may be up to 4.5 m in height (M.S. 
Dencio, GDE Patuha, pers. comm. 2019). The bridges should be made to last, so there is 
likely to be some compromise from the most suitable materials (natural ones) to those which 
are more durable (artificial ones). The most durable materials in this climate are likely to be 
polyester webbing straps (K. Malkin, Marling Leek Limited, in litt. 2019), which have lasted 
well on primate bridges in Borneo (N. Davis, Chester Zoo, in litt. 2019). Example bridges 
(across rivers) are shown in Figures 2 and 3. 



 
Figures 2 & 3. Rope bridges in Borneo made with polyester webbing (courtesy of 
HUTAN) 
 



This mitigation measure is not anticipated to cause any significant additional time delay for the 
Project. Depending upon materials, costs are likely to be low, and – depending upon the 
amount of natural connectivity retained (Section 5.1.3) – it is likely only useful to install two or 
three bridges. Primate bridges in Australia cost c. $1,200-2,400 USD per bridge (adjusted for 
inflation: Weston et al. 2011). It is anticipated that materials costs in Indonesia would be 
considerably lower, though it will also be necessary to budget for time for support from Aspinall 
Foundation experts. Materials for bridges constructed in Sabah (Davis 2015), purchased in 
the UK, cost less than $4/meter (adjusted for inflation: N. Davis, Chester Zoo, in litt. 2019). 
Total costs of designing and constructing bridges are thus likely to be <$10,000 USD. 

5.1.5 Take care to avoid introduction of new invasive species to, and spread of 
existing invasive species within, the Project area 
Invasive species are one of the most significant global threats to biodiversity, and their 
management is thus a key consideration for Projects under ADB safeguards (ADB 2009). 
Invasive species may be spread in many ways, in particular through transport into a project 
area of materials or equipment from outside that area.  
In order to manage the risk of introducing or spreading invasive species into the forested part 
of this Project (well pad BB, and associated road and pipelines between this area and well 
pad 4), Geo Dipa will develop (or require its contractor to develop) an Invasive Species 
Management Plan. This will include at minimum: pressure washing of vehicles, equipment and 
supplies before entry to the road from well pad 4; monitoring for invasive species in well pad 
BB and associated infrastructure; and control/eradication of invasive species where found in 
well pad BB and associated infrastructure. Washing need not use substantial amounts of 
water, and can be replaced by brushing during any periods of low water supply. It is anticipated 
that costs of a wash station are unlikely to exceed $5,000 USD. 
Invasive species controls would best take place at well pad 4, as this is currently the furthest 
extent of project infrastructure into the forest. Staged lay down of materials and equipment at 
well pad 4 would not only minimize the need for clearance of any additional lay down area at 
well pad BB (Section 5.1.1) but would also provide the potential for a de facto quarantine area, 
whereby any invasive species are not directly introduced further into the forest, soil can be 
removed from vehicles, and cleaned vehicles can transport materials and equipment to well 
pad BB. Such a lay down area at well pad 4 would thus minimize the potential for introducing 
invasive species to well pad BB. 
 

5.2 Residual impacts 
Following the impact assessment methodology used in the ADB IEE, residual impacts for 
Critical Habitat-qualifying (“priority”) biodiversity (Table 1), after the application of Project 
mitigation (Section 5.1) are assessed in Table 4.  
There is predicted to be a residual loss of c. 3 ha of protection forest owing to clearance for 
well pad BB and a road and pipelines to that well pad (Section 4.1). This residual impact is 
assessed to be of Medium significance. There is also anticipated to be a Low significance 
residual fragmentation impact on forest-dwelling species, owing to the road to well pad BB. 
Residual impacts on Natural Habitat, beyond those discussed above for Critical Habitat, are 
anticipated to be negligible. Overall, the Project is compliant for biodiversity with the ADB 
Safeguard Policy Statement (2009) because, after mitigation, (i) there are no measurable 
adverse impacts, or likelihood of such, on the critical habitat which could impair its high 
biodiversity value or the ability to function, and (ii) the project is not anticipated to lead to a 
reduction in the population of any recognized endangered or critically endangered species or 
a loss in area of the habitat concerned such that the persistence of a viable and representative 
host ecosystem be compromised.  



Table 4. Residual impacts after mitigation for Critical Habitat-qualifying biodiversity 

Environmental 
Component Aspect Project 

phase Impact 

Significance 
of impact 
without 

mitigation 

Residual impact after implementation of 
mitigation measures 

Key Residual Impacts Preparation, 
Construction, 
and Worksite 

Closure Phases 

Operation Phase 

Day 1 Year 10 

Gunung Tilu Nature 
Reserve, Gunung Tilu-
Simpang Important Bird 

Area, and Silvery Gibbon 
(Hylobates moloch) 

Vegetation 
cover 

P Loss of vegetation cover in specific areas of 
the project. L Negligible Negligible Negligible 

n/a 

P Introduction of invasive alien species. M Negligible Negligible Negligible 

n/a 

Javan Slow Loris 
(Nycticebus javanicus) and 

Javan Surili (Presbytis 
comata) 

Habitat 

P Loss of vegetation cover in specific areas of 
the project. M Medium Medium Medium 3 ha loss of protection 

forest 

P Modification and fragmentation of habitat due 
to loss of vegetation cover. M Medium Low Low 

Minor but long-term 
forest fragmentation 
from road between well 
pad 4 and well pad BB 

P Introduction of invasive alien species. M Negligible Negligible Negligible n/a 

Distribution 

P, C 
Displacement of species due to noise, 
presence of machinery and equipment and 
presence of staff. 

L Low Negligible Negligible 
n/a 

O 
Displacement of species due to noise from 
normal traffic, operation or maintenance 
activities. 

L Negligible Negligible Negligible 
n/a 

Mortality 
C Mortality of individuals, from poaching by 

construction workers. M Negligible Negligible Negligible 
n/a 

O Mortality of individuals, owing to induced 
access for poachers/hunters via project roads. H Negligible Negligible Negligible 

n/a 

Javan Leopard (Panthera 
pardus melas), Javan 
Hawk-eagle (Nisaetus 
bartelsi), Javan Trogon 

(Apalharpactes reinwardtii) 
and Javan Cochoa 
(Cochoa azurea) 

Habitat 

P Loss of vegetation cover in specific areas of 
the project. M Medium Medium Medium 3 ha loss of protection 

forest 

P Modification and fragmentation of habitat due 
to loss of vegetation cover. L Negligible Negligible Negligible 

n/a 
P Introduction of invasive alien species. M Negligible Negligible Negligible n/a 

Distribution 

P, C 
Displacement of species due to noise, 
presence of machinery and equipment and 
presence of staff. 

L Negligible Negligible Negligible 
n/a 

O 
Displacement of species due to noise from 
normal traffic, operation or maintenance 
activities. 

L Negligible Negligible Negligible 
n/a 



Environmental 
Component Aspect Project 

phase Impact 

Significance 
of impact 
without 

mitigation 

Residual impact after implementation of 
mitigation measures 

Key Residual Impacts Preparation, 
Construction, 
and Worksite 

Closure Phases 

Operation Phase 

Day 1 Year 10 

Mortality 
C Mortality of individuals, from poaching by 

construction workers. M Negligible Negligible Negligible 
n/a 

O Mortality of individuals, owing to induced 
access for poachers/hunters via project roads. H Negligible Negligible Negligible 

n/a 

Javan Shrew-like Mouse 
(Mus vulcani) 

Habitat 

P Loss of vegetation cover in specific areas of 
the project. M Medium Medium Medium 3 ha loss of protection 

forest 

P Modification and fragmentation of habitat due 
to loss of vegetation cover. M Medium Low Low 

Minor but long-term 
forest fragmentation 
from road between well 
pad 4 and well pad BB 

P Introduction of invasive alien species. M Negligible Negligible Negligible n/a 

Mortality P, C Mortality of individuals due to equipment 
operation. L Negligible Negligible Negligible 

n/a 

 

 



5.3 No net loss/net gain approach 
The ADB Safeguard Policy Statement requires ‘measures to avoid, minimize, or mitigate 
potentially adverse impacts and risks’, as outlined in Section 5.1. Nonetheless, some residual 
impacts cannot be fully mitigated, and – on a precautionary basis – it is recognized that this 
Project may have significant, though small, residual impacts of forest loss and fragmentation 
(Section 5.2). In such cases, ADB requires ‘compensatory measures, such as biodiversity 
offsets, to achieve no net loss or a net gain of the affected biodiversity’. These compensatory 
measures should ensure that, overall, the high biodiversity value of the Critical Habitat is 
maintained, along with populations of Endangered and Critically Endangered species. 
Drawing on international good practice, the choice of an appropriate compensation measure 
to reach no net loss or net gain should – in particular – be comparable, additional and lasting 
(e.g., Gardner et al. 2013). “Comparable” means that the compensation measure should 
produce similar biodiversity gains to residual impacts (in scale, type of biodiversity, etc.), 
equating – for this Project – to relatively limited gains for three sturgeon species. “Additional” 
means that gains produced by the compensation measure would not have happened anyway, 
in the absence of the Project. “Lasting” means that gains should last as long as residual 
impacts, in the case of this Project into the long-term. More practically, the compensation 
measure should ideally be practical, i.e. cost-effective and relatively easy to implement – such 
as through a contract to one entity, rather than through complex multi-institutional 
partnerships. 
This Project’s predicted residual impacts are direct loss, and fragmentation, of protection 
forest. As such, compensation measures should focus on improving the status of this forest 
and the priority species it holds. This can be achieved simply and effectively by building on 
existing commitments and partnerships, as explained below. GDE is already required by law 
to fund to restore twice the area impacted, i.e. c. 6 ha. If that restoration could be effectively 
implemented in an area close to the Project and connected to natural forest (and thus 
‘comparable’), and would be safeguarded by Perhutani (i.e., ‘lasting’), it would satisfy ADB 
safeguard requirements. As such, only an additional 1.72 ha of restoration offset would be 
necessary, with potential to also contract Perhutani to deliver this restoration. These estimates 
could be refined by assessing the restoration success of an area reforested in 2009 by 
Perhutani to compensate for Patuha Unit 1 impacts. Costs of an additional 1.72 ha of 
restoration are not clear – based on Unit 1 compensation costs and adjusting for inflation, they 
would be c. $1,400. However, Perhutani restoration costs may have increased above rates of 
inflation. 
Residual fragmentation impacts are anticipated to be Low, and so can be best offset by 
contributions to the ongoing conservation program of the Aspinall Foundation in the 
neighboring Gunung Tilu Nature Reserve, as part of a planned Memorandum of 
Understanding between GDE and the Aspinall Foundation. This program currently includes 
rehabilitation, release and monitoring of primates, plus education of local people in 
environmental issues. There is a desire to expand this program to include community 
development activities and to get community members directly involved with authorities in 
patrolling the Nature Reserve – as is the case in Ujong Kulon National Park (M. Wedana, 
Aspinall Foundation, pers. comm. 2019). Such a conservation program would have benefits 
for all the species potentially impacted by fragmentation in the area of well pad BB. 
 

6 Biodiversity monitoring 
The Project will undertake a general program of monitoring during site preparation, 
construction and worksite closure (EMP, Table 9.2). Within that program, specific monitoring 
will be undertaken for Critical Habitat-qualifying biodiversity to: 



• Confirm presence of effective mitigation (Table 3); and 

• Confirm presence of an effective forest restoration offset, on track to reach assumed 
quality gains (Section 5.3). 

This monitoring for Critical Habitat-qualifying biodiversity is outlined in Table 5.  
 



Table 5. Key areas of monitoring necessary to assess changes in the state of priority biodiversity, changes in threats, and progress 
of project mitigation actions 

Environmental 
Component Aspect Project 

phase Impact Mitigation action What parameter is to 
be monitored? 

Where is the 
parameter to 

be 
monitored? 

How is the 
parameter to 

be 
monitored? 

When is the 
parameter to be 

monitored 
(frequency)? 

Institutional 
responsibility 

Gunung Tilu 
Nature 

Reserve, 
Gunung Tilu-

Simpang 
Important Bird 

Area, and 
Silvery Gibbon 

(Hylobates 
moloch) 

Vegetation 
cover 

P 

Loss of 
vegetation cover 
in specific areas 
of the project. 

Minimise forest 
clearance alongside 
rights of way and around 
well pads. 

Vegetation clearance 
by Project staff and 
contractors is as 
minimal as legally and 
technically necessary 

Project Area of 
Influence 

Review of 
Project 
incident 
logbook; visual 
inspection 

Unannounced 
inspections at least 
quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Patuha 

Source construction 
materials from outside of 
forested areas. 

Sourcing of materials 
Project Area of 
Influence 

Review of 
records for 
sourcing of 
materials; 
inspections 

Unannounced 
inspections 
quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Patuha 

P 
Introduction of 
invasive alien 
species. 

Take care to avoid 
introduction of new 
invasive species to, and 
spread of existing 
invasive species within, 
the Project area through:  
- washing of vehicles, 
equipment and supplies 
before entry to the 
Project area;  
- monitoring for invasive 
species; and  
- control/eradication of 
invasive species where 
found. 

Washing of vehicles, 
equipment and 
supplies before entry 
to Project area 

Transit site 
outside Project 
Area of 
Influence 

Inspections 

Unannounced 
inspections at least 
quarterly during 
preparation and 
construction phases 

PT Geo Dipa 
Patuha 

Abundance/spread of 
invasive alien species 
in Project area 

Project Area of 
Influence 

Surveys by 
specialist sub-
contractor 

Annually, in summer 
during preparation 
and construction 
phases 

PT Geo Dipa 
Patuha 

Control of 
new/spreading areas 
of invasive alien 
species in Project area 

Project Area of 
Influence 

Records of 
invasive 
species 
control; 
inspections 

Quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Patuha 

Javan Slow 
Loris 

(Nycticebus 
javanicus), 
Javan Surili 
(Presbytis 

comata) and 
Silvery Gibbon 

(Hylobates 
moloch) 

Habitat P 

Loss of 
vegetation cover 
in specific areas 
of the project. 

Minimise forest 
clearance alongside 
rights of way and around 
well pads. 

Vegetation clearance 
by Project staff and 
contractors is as 
minimal as legally and 
technically necessary 

Project Area of 
Influence 

Review of 
Project 
incident 
logbook; visual 
inspection 

Unannounced 
inspections at least 
quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Patuha 

Source construction 
materials from outside of 
forested areas. 

Sourcing of materials 
Project Area of 
Influence 

Review of 
records for 
sourcing of 
materials; 
inspections 

Unannounced 
inspections 
quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Patuha 



Environmental 
Component Aspect Project 

phase Impact Mitigation action What parameter is to 
be monitored? 

Where is the 
parameter to 

be 
monitored? 

How is the 
parameter to 

be 
monitored? 

When is the 
parameter to be 

monitored 
(frequency)? 

Institutional 
responsibility 

P 

Modification and 
fragmentation of 
habitat due to 
loss of vegetation 
cover. 

Retain tree canopy 
connectivity over the 
new road wherever 
possible. 

Canopy connectivity 
along the proposed 
RoW is identified, 
options for 
preservation identified, 
and connectivity 
preserved wherever 
possible 

Project Area 

Review of 
Project 
incident 
logbook; visual 
inspection 

Unannounced 
inspections at least 
quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Patuha 

Install appropriate 
canopy bridges to 
increase connectivity 
over the road for 
primates. 

Appropriate canopy 
bridges installed over 
new road within one 
month of clearance of 
RoW 

Project Area Inspections 

Unannounced 
inspections at least 
quarterly during 
preparation and 
construction phases, 
until complete 

PT Geo Dipa 
Patuha 

P 
Introduction of 
invasive alien 
species. 

Take care to avoid 
introduction of new 
invasive species to, and 
spread of existing 
invasive species within, 
the Project area through:  
- washing of vehicles, 
equipment and supplies 
before entry to the 
Project area;  
- monitoring for invasive 
species; and  
- control/eradication of 
invasive species where 
found. 

Washing of vehicles, 
equipment and 
supplies before entry 
to Project area 

Transit site 
outside Project 
Area of 
Influence 

Inspections 

Unannounced 
inspections at least 
quarterly during 
preparation and 
construction phases 

PT Geo Dipa 
Patuha 

Abundance/spread of 
invasive alien species 
in Project area 

Project Area of 
Influence 

Surveys by 
specialist sub-
contractor 

Annually, in summer 
during preparation 
and construction 
phases 

PT Geo Dipa 
Patuha 

Control of 
new/spreading areas 
of invasive alien 
species in Project area 

Project Area of 
Influence 

Records of 
invasive 
species 
control; 
inspections 

Quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Patuha 

Distribution 

P, C 

Displacement of 
species due to 
noise, presence 
of machinery and 
equipment and 
presence of staff. 

Regularly maintain and 
inspect/certificate all 
vehicles, equipment and 
machinery to ensure that 
noise levels conform to 
prescribed standards. 

Noise levels of Project 
vehicles, equipment 
and machinery against 
prescribed standards 

Project Area 
Review of 
certificates; 
inspections 

Unannounced 
inspections quarterly 
during preparation 
and construction 
phases 

PT Geo Dipa 
Patuha 

O 

Displacement of 
species due to 
noise from 
normal traffic, 
operation or 
maintenance 
activities. 

Not anticipated to be a significant impact; no monitoring required 
PT Geo Dipa 
Patuha 



Environmental 
Component Aspect Project 

phase Impact Mitigation action What parameter is to 
be monitored? 

Where is the 
parameter to 

be 
monitored? 

How is the 
parameter to 

be 
monitored? 

When is the 
parameter to be 

monitored 
(frequency)? 

Institutional 
responsibility 

Mortality 

C 

Mortality of 
individuals, from 
poaching by 
construction 
workers. 

Implement a strict code 
of conduct forbidding 
hunting/trapping, and 
purchase of wildlife, with 
heavy penalties. Train 
all personnel on this 
code of conduct, and its 
justification. 

Staff adherence to 
best practice 

Project Area 

Review of 
training 
records; 
review of 
Project 
incident 
logbook; 
inspections 

Unannounced 
inspections quarterly 
during preparation 
and construction 
phases 

PT Geo Dipa 
Patuha 

O 

Mortality of 
individuals, owing 
to induced 
access for 
poachers/hunters 
via project roads. 

Install staffed access 
control on new road to 
well pad BB, allowing 
access to no-one except 
GDE or company staff, 
or government officials, 
and inspecting departing 
vehicles for poached 
wildlife. 

Controls on use of 
Project roads ensure 
no access for 
poachers/hunters 

Project Area 

Review of 
Project 
incident 
logbook; 
external 
reports; visual 
inspection 

Unannounced 
inspections at least 
quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Patuha 

Javan Leopard 
(Panthera 

pardus melas), 
Javan Hawk-

eagle (Nisaetus 
bartelsi), Javan 

Trogon 
(Apalharpactes 
reinwardtii) and 
Javan Cochoa 

(Cochoa 
azurea) 

Habitat 

P 

Loss of 
vegetation cover 
in specific areas 
of the project. 

Minimise forest 
clearance alongside 
rights of way and around 
well pads. 

Vegetation clearance 
by Project staff and 
contractors is as 
minimal as legally and 
technically necessary 

Project Area of 
Influence 

Review of 
Project 
incident 
logbook; visual 
inspection 

Unannounced 
inspections at least 
quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Patuha 

Source construction 
materials from outside of 
forested areas. 

Sourcing of materials 
Project Area of 
Influence 

Review of 
records for 
sourcing of 
materials; 
inspections 

Unannounced 
inspections 
quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Patuha 

P 

Modification and 
fragmentation of 
habitat due to 
loss of vegetation 
cover. 

Retain tree canopy 
connectivity over the 
new road wherever 
possible. 

Canopy connectivity 
along the proposed 
RoW is identified, 
options for 
preservation identified, 
and connectivity 
preserved wherever 
possible 

Project Area 

Review of 
Project 
incident 
logbook; visual 
inspection 

Unannounced 
inspections at least 
quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Patuha 

P 
Introduction of 
invasive alien 
species. 

Take care to avoid 
introduction of new 
invasive species to, and 
spread of existing 
invasive species within, 
the Project area through:  
- washing of vehicles, 
equipment and supplies 
before entry to the 

Washing of vehicles, 
equipment and 
supplies before entry 
to Project area 

Transit site 
outside Project 
Area of 
Influence 

Inspections 

Unannounced 
inspections at least 
quarterly during 
preparation and 
construction phases 

PT Geo Dipa 
Patuha 

Abundance/spread of 
invasive alien species 
in Project area 

Project Area of 
Influence 

Surveys by 
specialist sub-
contractor 

Annually, in summer 
during preparation 
and construction 
phases 

PT Geo Dipa 
Patuha 



Environmental 
Component Aspect Project 

phase Impact Mitigation action What parameter is to 
be monitored? 

Where is the 
parameter to 

be 
monitored? 

How is the 
parameter to 

be 
monitored? 

When is the 
parameter to be 

monitored 
(frequency)? 

Institutional 
responsibility 

Project area;  
- monitoring for invasive 
species; and  
- control/eradication of 
invasive species where 
found. 

Control of 
new/spreading areas 
of invasive alien 
species in Project area 

Project Area of 
Influence 

Records of 
invasive 
species 
control; 
inspections 

Quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Patuha 

Distribution 

P, C 

Displacement of 
species due to 
noise, presence 
of machinery and 
equipment and 
presence of staff. 

Regularly maintain and 
inspect/certificate all 
vehicles, equipment and 
machinery to ensure that 
noise levels conform to 
prescribed standards. 

Noise levels of Project 
vehicles, equipment 
and machinery against 
prescribed standards 

Project Area 
Review of 
certificates; 
inspections 

Unannounced 
inspections quarterly 
during preparation 
and construction 
phases 

PT Geo Dipa 
Patuha 

O 

Displacement of 
species due to 
noise from 
normal traffic, 
operation or 
maintenance 
activities. 

Not anticipated to be a significant impact; no monitoring required 
PT Geo Dipa 
Patuha 

Mortality 

C 

Mortality of 
individuals, from 
poaching by 
construction 
workers. 

Implement a strict code 
of conduct forbidding 
hunting/trapping, and 
purchase of wildlife, with 
heavy penalties. Train 
all personnel on this 
code of conduct, and its 
justification. 

Staff adherence to 
best practice 

Project Area 

Review of 
training 
records; 
review of 
Project 
incident 
logbook; 
inspections 

Unannounced 
inspections quarterly 
during preparation 
and construction 
phases 

PT Geo Dipa 
Patuha 

O 

Mortality of 
individuals, owing 
to induced 
access for 
poachers/hunters 
via project roads. 

Install staffed access 
control on new road to 
well pad BB, allowing 
access to no-one except 
GDE or company staff, 
or government officials, 
and inspecting departing 
vehicles for poached 
wildlife. 

Controls on use of 
Project roads ensure 
no access for 
poachers/hunters 

Project Area 

Review of 
Project 
incident 
logbook; 
external 
reports; visual 
inspection 

Unannounced 
inspections at least 
quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Patuha 

Javan Shrew-
like Mouse 

(Mus vulcani) 
Habitat P 

Loss of 
vegetation cover 
in specific areas 
of the project. 

Source construction 
materials from outside of 
forested areas. 

Sourcing of materials 
Project Area of 
Influence 

Review of 
records for 
sourcing of 
materials; 
inspections 

Unannounced 
inspections 
quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Patuha 



Environmental 
Component Aspect Project 

phase Impact Mitigation action What parameter is to 
be monitored? 

Where is the 
parameter to 

be 
monitored? 

How is the 
parameter to 

be 
monitored? 

When is the 
parameter to be 

monitored 
(frequency)? 

Institutional 
responsibility 

Minimise forest 
clearance alongside 
rights of way and around 
well pads. 

Vegetation clearance 
by Project staff and 
contractors is as 
minimal as legally and 
technically necessary 

Project Area of 
Influence 

Review of 
Project 
incident 
logbook; visual 
inspection 

Unannounced 
inspections at least 
quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Patuha 

P 

Modification and 
fragmentation of 
habitat due to 
loss of vegetation 
cover. 

PT Geo Dipa 
Patuha 

P 
Introduction of 
invasive alien 
species. 

Take care to avoid 
introduction of new 
invasive species to, and 
spread of existing 
invasive species within, 
the Project area through:  
- washing of vehicles, 
equipment and supplies 
before entry to the 
Project area;  
- monitoring for invasive 
species; and  
- control/eradication of 
invasive species where 
found. 

Washing of vehicles, 
equipment and 
supplies before entry 
to Project area 

Transit site 
outside Project 
Area of 
Influence 

Inspections 

Unannounced 
inspections at least 
quarterly during 
preparation and 
construction phases 

PT Geo Dipa 
Patuha 

Abundance/spread of 
invasive alien species 
in Project area 

Project Area of 
Influence 

Surveys by 
specialist sub-
contractor 

Annually, in summer 
during preparation 
and construction 
phases 

PT Geo Dipa 
Patuha 

Control of 
new/spreading areas 
of invasive alien 
species in Project area 

Project Area of 
Influence 

Records of 
invasive 
species 
control; 
inspections 

Quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Patuha 

Mortality P, C 

Mortality of 
individuals due to 
equipment 
operation. 

Train personnel to 
identify and remove this 
species from 
construction areas. 

Recorded inspections 
for, and removal of, 
these species 

Project Area 

Review of 
Project 
incident 
logbook; visual 
inspection 

Unannounced 
inspections at least 
quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Patuha 

Offset of 
protection forest 

Habitat O 

Loss of 
vegetation cover 
in specific areas 
of the project. 

Restoration (by 
Perhutani) of sufficient 
forest to compensate for 
residual impacts, to 35% 
quality over 30 years. 

Area and quality of 
restored forest 

Perhutani 
restoration site 

Visual 
inspection by 
qualified 
expert 

Five-yearly 
inspections 

Contractor to 
PT Geo Dipa 
Patuha 
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Appendix A. Critical and Natural Habitat Assessment 
The ADB Safeguard Policy Statement (ADB 2009) requires assessment of whether the project 
is planned in an area that may qualify as Critical Habitat or Natural Habitat. This assessment 
followed more detailed guidance in International Finance Corporation Performance Standard 
6 and its accompanying guidance note (IFC 2012, 2019). 

A.1 Areas of analysis 
Critical Habitat and Natural Habitat assessment ideally takes place across sensible ecological 
or political units that are sufficiently large to encompass all direct and indirect impacts from 
the project. These areas of analysis (AoAs) are thus often much broader than the direct project 
footprint. AoAs may be separate or combined, depending on the ecology of the biodiversity 
concerned. 
Given the fragmentary nature of natural habitats in Java, a single AoA for this Project was 
defined to encompass the Project itself and the forest block it adjoins (Figure 4). This included 
the forest within Gunung Tilu Nature Reserve, directly adjoining the Project to the east, since 
it has high connectivity to the forests of the Project area, but did not extend as far as the forests 
of Gunung Simpang Nature Reserve (to the south-east) or the forest block to the west of the 
main road from Bandung. 
Identification of this AoA does not mean that the project has any obligations across it. The aim 
of this Critical and Natural Habitat Assessment is to identify whether the broad unit qualifies 
as Critical Habitat and, if so, for which biodiversity features. This information helps to prioritize 
impact assessment and to focus mitigation efforts. 

A.2 Assessment of biodiversity which may qualify the area as Critical Habitat 
Each of the following sections considers candidate Critical Habitat-qualifying biodiversity 
identified within the AMDAL, biodiversity baseline study (PT Geo Dipa 2018), or other literature 
as actually or potentially present. In each case, reasons are identified for each biodiversity 
feature likely meeting or not meeting Critical Habitat. Two categories of biodiversity that might 
qualify the area as Critical Habitat were only considered briefly here, and should be assessed 
further by social experts – specifically areas that provide key ecosystem services and areas 
with biodiversity that has significant social, cultural or economic importance to local 
communities. 

A.2.1 Critically Endangered and Endangered species 
Critically Endangered, Endangered, and (per IFC 2019) Vulnerable species and relevant 
subspecies were included in an initial screening if they were found during surveys, or there is 
indication of their presence near the Project site from literature. Threat status is taken from 
the global IUCN Red List (IUCN 2019). An initial list of 35 such species was reduced to 16 
after a quick screen against quantitative thresholds for Critical Habitat (IFC 2019). The 
remaining 16 are considered in more detail below. 
 
Javan Slow Loris (Nycticebus javanicus) 
This species is considered globally Critically Endangered (Nekaris et al. 2013), owing to habitat loss 
and severe levels of collection for the pet trade. It was not recorded during Project baseline surveys, 
but persists in neighboring forests at lower altitudes and has been reported at similar altitudes to the 
Project by local people in the neighboring Gunung Tilu Nature Reserve (Made Wedana, Aspinall 
Foundation, pers. comm. 2019). Records of the species in the area are, however, limited – suggesting 
it has been depleted by hunting. Given limited records, and the AoA representing only 0.3% of this 
species’ global distribution, comparison with IFC GN6 (2019) thresholds for Criterion 1 suggests that 
Javan Slow Loris is unlikely to qualify the Patuha AoA as Critical Habitat.  
 
Javan Surili (Presbytis comata) 



 

This primate species is considered globally Endangered, and is restricted to western and central Java 
(Nijman & Richardson 2008). The population size has been estimated at between 2,285 and 2,500 
individuals, in approximately 30 isolated populations and now restricted to montane forest (owing to 
loss of much lowland forest. Project baseline surveys reported 12-24 adults around wells G, U and V 
(PT Geo Dipa 2018). Although the survey report is not clear on this matter, it appears likely that at 
least five females of breeding age may be present. These baseline surveys have thus reported 0.48-
1.1% of the global population. Based on these numbers, and comparison with IFC GN6 (2019) 
thresholds for Criterion 1, Javan Surili appears to qualify the Project area as Critical Habitat. 
 
Javan Lutung (Trachypithecus auratus) 
This primate species is considered globally Vulnerable, and is restricted to Java, Bali, Lombok and a 
few small islands (Nijman & Supriatna 2008). It was found during baseline surveys (PT Geo Dipa 
2018) but, while it is threatened by hunting and habitat loss, it is still sufficiently widespread that even 
the loss of the species at this site would not result in any change in IUCN Red List status. As such, 
this species does not qualify the Project area as Critical Habitat. 
 
Silvery Gibbon (Hylobates moloch) 
This globally Endangered species occurs in west and central Java (Andayani et al. 2008). The global 
population is estimated to be less than 2,500 mature individuals, based on extensive surveys by 
Nijman (2004). At the time, Nijman (2004) estimated 14-15% of the species’ population to be found on 
Mount Simpang, just south of the Project area. Since the AoA appears likely to hold considerably 
more than 0.5% of this species’ global population, comparison with IFC GN6 (2019) thresholds for 
Criterion 1 shows that Javan Gibbon qualifies the Patuha AoA as Critical Habitat. 
 
Javan Leopard (Panthera pardus melas) 
While Leopard is considered globally Vulnerable, this subspecies is considered globally Critically 
Endangered (Ario et al. 2008). IFC (2019) recommends that ‘Where subspecies and sub-populations 
have been separately assessed for inclusion in the IUCN Red List, they may be considered under 
Criteria 1, as appropriate’. This subspecies is generally restricted to forested habitats, though it may 
enter open country to hunt at night. Jacobson et al. (2016) identified the ‘Gunung Simpang, 
Papndayan’ forest block, broadly covering the Project area, to hold a population of Javan Leopard – 
indeed to be the second largest forest block available in this subspecies’ range. PT Geo Dipa (2018) 
reports signs of one individual, though it is not clear from where - Table 3.5 and Photo 3.8 say it was 
recorded around Well V, but Section 3.3.1 says around well G. 
The global population of this subspecies is estimated at 363-525 individuals, with <250 mature 
individuals (Ario et al. 2008). Jacobson et al. (2016) identify 20,400 ha of suitable habitat for this 
subspecies, with the ‘Gunung Simpang, Papndayan’ forest block representing >19% of this habitat. 
The AoA could thus quite possibly hold more than 0.5% of the subspecies’ population and more than 
five pairs. While there is only likely to be one mature individual in the vicinity of the Project, or possibly 
two if the Project is on the border of two territories, more broadly Javan Leopard appears to qualify 
the Project AoA as Critical Habitat. 
 
Javan Deer (Rusa timorensis) 
This globally Vulnerable species has been introduced to many locations outside of its native range, 
but remaining populations on Java and Bali are relatively small and fragmented (Hedges et al. 2015). 
The Project AoA does not hold one of the more important populations, and any impacts in the Project 
area would be unlikely to elevate this species to globally Endangered status. As such, this species 
does not qualify the Project area as Critical Habitat. 
 
Javan Sundamys (Sundamys maxi) 
This species is considered globally Vulnerable (Kennerley 2019). The species is also restricted-range, 
for which it is assessed under Section A.2.2. The Project AoA is within the very small range of this 
species, which has an extent of occurrence of just over 7,000 km2. However, any impacts in the 
Project area would be unlikely to elevate this species to globally Endangered status (which would 
require the extent of occurrence to be reduced to less than 5,000 km2). As such, this species does not 
qualify the Project area as Critical Habitat under Criterion 1. 
 
Javan Hawk-eagle (Nisaetus bartelsi) 



 

This species is considered globally Endangered (BirdLife International 2017d). There are limited data 
available to assess the population of this species in the Project AoA, but it has been recorded there in 
the past (van Balen et al. 1999) and nearby on recent surveys (Christian Devenish, Manchester 
Metropolitan University, in litt. 2019). van Balen et al. (1999) only documented 24 fragments of forest 
that held this species, although Prawiradilaga (2006) has since shown that the species is more 
widespread. The current global population estimate is of 600-900 birds (BirdLife International 2017d). 
Given this species’ very limited distribution and population, and the extent of forest remaining in this 
AoA, it is quite possible that the Patuha AoA might hold >0.5% of the global population of this species 
and more than five pairs. Comparison with IFC GN6 (2019) thresholds for Criterion 1 thus suggest 
that Javan Hawk-eagle qualifies the Patuha AoA as Critical Habitat. 
 
Javan Scops-owl (Otus angelinae) 
There is considerable uncertainty over the distribution and population size of this species, which is 
listed as globally Vulnerable (BirdLife International 2016f). It is possibly restricted-range, so is also 
assessed in Section A.2.2. It was recorded on Project baseline surveys (PT Geo Dipa 2018) and 
nearby on other recent surveys (Christian Devenish, Manchester Metropolitan University, in litt. 2019). 
Previous uncertainty over its call may have led to a paucity of records, and it is thus likely reasonably 
widespread in montane forest within western Java. Given various sources of uncertainty, it is 
challenging to assess whether loss of the population in the Project area would elevate its IUCN Red 
List status to Endangered (per IFC 2019). This does, however, seem unlikely. As such, Javan Scop-
owl does not qualify the Project area as Critical Habitat.  
 
Javan Trogon (Apalharpactes reinwardtii) 
This species is globally considered Vulnerable, and appeared until recently to have a range of just 
1,200 km2 (BirdLife International 2016b). As a restricted-range species it is also evaluated under 
Section A.2.2. It was known from only seven forested mountains: Gunung Halimun, Gunung Salak, 
Gunung Gede-Pangrango, Ciwidey (near the Project), Gunung Patuha-Tilu, Gunung Wayang and 
Gunung Papandayan. There are only recent records from the former four mountains, but also recent 
records from Gunung Slamet (S. Marsden, Manchester Metropolitan University, in litt. 2019) and 
Gunung Merapi (BirdLife International 2016b) – which represent a considerable range extension. 
BirdLife International (2016b) maps the Project area as a part of the species’ range where it is 
‘possibly extinct’, but it was recorded during Project surveys (PT Geo Dipa 2018) and nearby on other 
recent surveys (Christian Devenish, Manchester Metropolitan University, in litt. 2019). Given 
considerable debate over the size of the species’ population, it is challenging to assess whether loss 
of the population in the Project area would elevate its IUCN Red List status to Endangered (per IFC 
2019). This does, however, seem unlikely. As such, Javan Trogon does not qualify the Project area 
as Critical Habitat under Criterion 1. 
 
White-rumped Woodpecker (Meiglyptes tristis) 
This species is considered globally Endangered, and was considered restricted to western Java 
(BirdLife International 2016e). There are extremely few records, of which the only recent published 
one appears to have come from East Java (Kurnianto et al. 2016). It was also recorded once nearby 
on other recent surveys (Christian Devenish, Manchester Metropolitan University, in litt. 2019). Based 
on the ecology of its closest congener, it is likely to mainly be a bird of lower altitudes, below that of 
Project infrastructure and the bulk of the AoA (Winkler et al. 1995). On the basis of this available 
information, White-rumped Woodpecker does not qualify the Project area as Critical Habitat. 
 
Javan Green Magpie (Cissa thalassina) 
This species is globally Critically Endangered (BirdLife International 2018a), as a result of habitat loss 
and intensive trapping pressure for the pet bird trade. The Project is at the upper limit of its elevational 
preferences, it was not recorded during Project surveys, and there is heavy bird trapping in the vicinity 
of the Project (PT Geo Dipa 2018). It was also not recorded nearby on other recent surveys (Christian 
Devenish, Manchester Metropolitan University, in litt. 2019). Although even five pairs would be 
sufficient to qualify the AoA as Critical Habitat, based on IFC GN6 (2019) thresholds for Criterion 1, it 
seems unlikely that such a population persists in the AoA. As such, Javan Green Magpie does not 
qualify the Project area as Critical Habitat under Criterion 1. 
 
Rufous-fronted Laughingthrush (Garrulax rufifrons) 



 

This globally Critically Endangered species is believed to now number fewer than 250 mature 
individuals, owing to intensive trapping pressure for the pet bird trade (BirdLife International 2018b). 
As a restricted-range species it is also evaluated under Section A.2.2. It was not recorded during 
Project surveys (PT Geo Dipa 2018), but was recorded nearby on other recent surveys (Christian 
Devenish, Manchester Metropolitan University, in litt. 2019). Nonetheless, low numbers recorded on 
those surveys and heavy bird trapping in the vicinity of the Project at present suggests that it is 
unlikely that this high-value species persists in the AoA in numbers likely to qualify the area as Critical 
Habitat. As such, Rufous-fronted Laughingthrush does not qualify the Project area as Critical Habitat 
under Criterion 1. 
 
Javan Cochoa (Cochoa azurea) 
This globally Vulnerable species is endemic to mountains in west and central Java at 900-3,000 m, 
with recent records from just four sites – including Gunung Gede/Pangrango National Park and 
Gunung Halimun-Salak National Park (BirdLife International 2016d). Given its restricted range, it is 
also assessed in Section A.2.2. The species was observed in the Project area during baseline 
surveys (PT Geo Dipa 2018) and nearby on other recent surveys (Christian Devenish, Manchester 
Metropolitan University, in litt. 2019). Despite only a small number of recent records of this species, it 
is likely that more sites remain undiscovered owing to the species’ unobtrusive nature. It is thus likely 
to still be sufficiently widespread that even the loss of the species at this site would not result in any 
change in IUCN Red List status. As such, this species does not qualify the Project area as Critical 
Habitat under Criterion 1. 
 
Javan Myna (Acridotheres javanicus) 
This species is considered globally Vulnerable (BirdLife International 2016a). It was found during 
baseline surveys (PT Geo Dipa 2018), but the Project AoA represents <1% of its global distribution. It 
is thus extremely unlikely that the loss of the species at this site would result in any change in IUCN 
Red List status. As such, this species does not qualify the Project AoA as Critical Habitat. 
 
Aciagrion fasciculare 
This globally Endangered damselfly is known only from a few sites in West Java, near Bogor, and a 
protected area in west Sarawak (Dow 2009). As such, its actual distribution is quite unclear, and it 
may occur in the Project AoA. It would be appropriate to conduct surveys for this species in any 
suitable habitat within the Project area. It would, however, be over-precautionary to assume it is 
present to an extent which qualifies the area as Critical Habitat. 
 
Malayopotamon granulatum 
This crab species is globally Vulnerable (Esser & Cumberlidge 2008) and has a restricted range (so is 
thus also assessed in Section A.2.2). There is great uncertainty over the distribution of this species, 
with Esser & Cumberlidge (2008) listing it from a single site yet mapping it from across West Java (in 
agreement with Wowor & Hee Tan 2010). it is thus challenging to assess whether loss of the 
population in the Project area would elevate its IUCN Red List status to Endangered (per IFC 2019). 
This does, however, seem unlikely. As such, this species does not qualify the Project area as Critical 
Habitat. 

 

 

A.2.2 Endemic or restricted-range species 
 
Following the IFC PS6 Guidance Note (IFC 2019), species were considered restricted-range 
if their global extent of occurrence was 50,000 km2 or less (for terrestrial vertebrates) or, for 
riverine species, if their global range had less than 500 km linear geographic span. Species 
were included in an initial screening if they were found during surveys, or there is indication of 
their presence from literature. An initial list of 50 such species, including many species also 
considered threatened (Section A.2.1), was reduced to 14 after a quick screen against 
quantitative thresholds for Critical Habitat (IFC 2019).  



 

 
Javan Surili (Presbytis comata) 
This primate species is considered globally Endangered, and so assessed in Section A.2.1. It is also 
a restricted-range species, with a global distribution of <50,000 km2 in western and central Java 
(Nijman & Richardson 2008). Project baseline surveys reported 0.48-1.1% of the global population. 
Based on these numbers, and comparison with IFC GN6 (2019) thresholds, Javan Surili does not 
appear to qualify the Project area as Critical Habitat under Criterion 2. 
 
Javan Shrew-like Mouse (Mus vulcani) 
This species is not considered globally threatened, but has a tiny distribution at a small number of 
sites in western Java (Clayton & Kennerley 2016). The Patuha AoA overlaps 14% of the species’ 
mapped IUCN range, and it is likely to be found in Gunung Tilu Nature Reserve. As such, on a 
precautionary basis, based on comparison with IFC GN6 (2019) thresholds, Javan Shrew-like 
Mouse qualifies the Project area as Critical Habitat. 
 
Chestnut-bellied Partridge (Arborophila javanica) 
This species is not considered threatened, but does have a small range (BirdLife International 2016c), 
and thus qualifies as a restricted-range species. It was recorded during Project baseline surveys (PT 
Geo Dipa 2018) and nearby on other recent surveys (Christian Devenish, Manchester Metropolitan 
University, in litt. 2019). It is, however, still sufficiently widespread in western Java that it is unlikely 
more than 10% of the population could occur in the Project AoA.  As such, this species does not 
qualify the Project area as Critical Habitat.  
 
Javan Scops-owl (Otus angelinae) 
There is considerable uncertainty over the distribution and population size of this globally Vulnerable 
species (BirdLife International 2016f). It is not even clear if the species is a restricted-range species, 
or also occurs in East Java. It was recorded on Project baseline surveys (PT Geo Dipa 2018) and 
nearby on other recent surveys (Christian Devenish, Manchester Metropolitan University, in litt. 2019). 
Previous uncertainty over its call may have led to a paucity of records, and it is thus likely reasonably 
widespread in montane forest within at least western Java. Despite various sources of uncertainty, it 
seems unlikely that the Project AoA holds more than 10% of the population of this species. As such, 
Javan Scops-owl does not qualify the Project area as Critical Habitat.   
 
Javan Trogon (Apalharpactes reinwardtii) 
This species is globally considered Vulnerable, and appeared until recently to have a range of just 
1,200 km2 (BirdLife International 2016b). As a threatened species it is also evaluated under Section 
A.2.1. It was known from only seven forested mountains: Gunung Halimun, Gunung Salak, Gunung 
Gede-Pangrango, Ciwidey (near the Project), Gunung Patuha-Tilu, Gunung Wayang and Gunung 
Papandayan. There are only recent records from the former four mountains, but also more recent 
records from near the Project area (Christian Devenish, Manchester Metropolitan University, in litt. 
2019), Gunung Slamet (S. Marsden, Manchester Metropolitan University, in litt. 2019) and Gunung 
Merapi (BirdLife International 2016) – which represent a considerable range extension. BirdLife 
International (2016) maps the Project area as a part of the species’ range where it is ‘possibly extinct’, 
but it was recorded during Project surveys (PT Geo Dipa 2018) and nearby on other recent surveys 
(Christian Devenish, Manchester Metropolitan University, in litt. 2019). Given this species’ restricted 
range, and possibly as few as eight remaining mountains which still hold this species, it is conceivable 
that the Project AoA holds ≥10% of the species’ global population (and ≥10% pairs). Comparison with 
IFC GN6 (2019) thresholds for Criterion 2 suggests that, on a precautionary basis, Javan Trogon 
qualifies the Project area as Critical Habitat under Criterion 2. 
 
Pygmy Tit (Psaltria exilis) 
This species is not considered threatened, but does have a small range (BirdLife International 2016g), 
and thus qualifies as a restricted-range species. It was recorded during Project baseline surveys (PT 
Geo Dipa 2018). However, the Project AoA overlaps <2% of its mapped IUCN distribution, and the 
species is still sufficiently widespread and common that it is unlikely that more than 10% of the 
population could occur in the Project AoA. As such, it does not qualify the Project area as Critical 
Habitat. 
 



 

Javan Tesia (Tesia superciliaris) 
This species is not considered threatened, but does have a small range in western and central Java 
(BirdLife International 2018c), and thus qualifies as a restricted-range species. It was recorded during 
Project baseline surveys (PT Geo Dipa 2018) and during site visits to prepare this BAP (J. Pilgrim 
pers. obs.). However, the Project AoA overlaps <3% of its mapped IUCN distribution, and the species 
is still sufficiently widespread and common that it is unlikely that more than 10% of the population 
could occur in the Project AoA. As such, it does not qualify the Project area as Critical Habitat. 
 
Javan Fulvetta (Alcippe pyrrhoptera) 
This species is not considered threatened, but does have a relatively small distribution (BirdLife 
International 2017b), and thus qualifies as a restricted-range species. It was recorded during Project 
baseline surveys (PT Geo Dipa 2018) and nearby on other recent surveys (Christian Devenish, 
Manchester Metropolitan University, in litt. 2019). It is, however, still sufficiently widespread and 
common in western Java that it is implausible that more than 10% of the population could occur in the 
Project AoA.  As such, this species does not qualify the Project area as Critical Habitat.  
 
Rufous-fronted Laughingthrush (Garrulax rufifrons) 
This globally Critically Endangered species is believed to now number fewer than 250 mature 
individuals, owing to intensive trapping pressure for the pet bird trade (BirdLife International 2018b). 
As a threatened species it is also evaluated under Section A.2.1. It was not recorded during Project 
surveys (PT Geo Dipa 2018), but was recorded nearby on other recent surveys (Christian Devenish, 
Manchester Metropolitan University, in litt. 2019). Nonetheless, low numbers recorded on those 
surveys and heavy bird trapping in the vicinity of the Project at present suggests that it is unlikely that 
this high-value species exists nearby – at least in numbers likely to qualify the area as Critical Habitat. 
As such, Rufous-fronted Laughingthrush does not qualify the Project area as Critical Habitat under 
Criterion 2.  
 
Spotted Crocias (Laniellus albonotatus) 
This species is globally considered Near Threatened, but has a range restricted to West Java at 900-
2,400 m (BirdLife International 2017c). It is thus a restricted-range species (with a total distribution of 
<50,000 km2). It was not recorded during Project surveys (PT Geo Dipa 2018), but was recorded 
nearby on other recent surveys (Christian Devenish, Manchester Metropolitan University, in litt. 2019). 
The AoA holds c. 6% of the species’ global extent of occurrence, and it does not appear to occur 
there at particularly high densities. It is thus unlikely that the AoA holds >10% of the species’ global 
population. Comparison with IFC GN6 (2019) thresholds for Criterion 2 suggests that Spotted Crocias 
is thus unlikely to qualify the Project area as Critical Habitat. 
 
Javan Cochoa (Cochoa azurea) 
This globally Vulnerable species is endemic to mountains in west and central Java at 900-3,000 m, 
with recent records from just four sites – including Gunung Gede/Pangrango National Park and 
Gunung Halimun-Salak National Park (BirdLife International 2016d). Given its threat status, it is also 
assessed in Section A.2.1. It is assessed here as a restricted-range species, with a global distribution 
of <50,000 km2. The species was observed in the Project area during baseline surveys (PT Geo Dipa 
2018) and nearby on other recent surveys (Christian Devenish, Manchester Metropolitan University, 
in litt. 2019). With only a small number of recent records of this species, albeit with potentially more 
sites remaining undiscovered owing to the species’ unobtrusive nature, it is quite possible that the 
Project AoA holds ≥10% of the species’ global population (and ≥10 pairs). Comparison with IFC GN6 
(2019) thresholds for Criterion 2 thus suggests that Javan Cochoa qualifies the Project area as 
Critical Habitat under Criterion 2.  
 
Javan Torrent Frog (Huia masonii) 
This species is not threatened but has a restricted global range (IUCN SSC Amphibian Specialist 
Group 2018). It was recorded during Project baseline surveys (PT Geo Dipa 2018). It is likely to be 
near the top of its elevational range in the Project area and is reasonably widespread in western Java. 
It is thus unlikely that more than 10% of the population could occur in the Project AoA. As such, this 
species does not qualify the Project area as Critical Habitat.  
 
Caridina laevis 



 

This shrimp’s historical distribution on Java is unclear, but it has recently been recorded from three 
closely located sites in a lake and stream in Garut Regency in the southeast of West Java (De Grave 
& Wowor 2013), just north of the Project area. Although little is known about its distribution, it is 
precautionarily considered restricted-range. Just over 4% of the watershed that this species is known 
from overlaps the Project AoA, and all of the known locations are some distance to the north. It is thus 
unlikely that >10% of this species’ population occurs within the AoA. As such, this species does not 
qualify the Project area as Critical Habitat. 
 
Malayopotamon granulatum 
This crab species is globally Vulnerable (Esser & Cumberlidge 2008) and so is also assessed in 
Section A.2.1. Wowor & Hee Tan (2010) identify it from a number of sites across West Java, but its 
overall distribution is unclear. It is challenging to assess the proportion of the population in the Project 
area, but it seems unlikely this exceeds 10%. As such, this species does not qualify the Project area 
as Critical Habitat. 
 

A.2.3 Migratory or congregatory species 
 
While within a mountain range on a flyway, there is no indication that the Project AoA holds 
any particular concentrations of migratory or congregatory species. It is quite likely that 
concentrations of migratory raptors migrate across the core of the West Javan mountains, 
further north, as has been identified at Puncak Pass.  

A.2.4 Unique assemblages of species that are associated with key evolutionary 
processes  
 
The mountains of western Java are known to be associated with evolutionary processes that 
have resulted in moderate levels of endemism (Wikramanayake et al. 2002; BirdLife 
International 2019a), but these are not sufficiently high to be considered at all unique in the 
context of tropical insular mountains. 
Unique assemblages of species associated with key evolutionary processes thus do not 
qualify the Project area as Critical Habitat. 
 
A.2.5 Areas having biodiversity of significant social, economic, or cultural importance 
to local communities (including ecosystem services) 
 
The AMDAL presents very little information on ecosystem services. It is beyond the scope of 
this assessment to collect additional information on ecosystem services, and then to assess 
which may qualify the project area as Critical Habitat.  
 
A.2.6 Legally protected areas and international recognized areas 
 
There are several protected areas in the vicinity of the Project. The nearest, comprising the 
bulk of the AoA, are Gunung Tilu Nature Reserve and Cimanggu Nature Recreation Park 
(Figure 4). Gunung Tilu directly adjoins the Project area and is designated as an IUCN 
Category Ia protected area, the highest level of protection, while Cimanggu is a Category V 
area. While Cimanggu is still mostly forested, it likely suffers substantial disturbance from 
nearby/internal roads and tourist facilities. As such, while this site may hold Critical Habitat-
qualifying species, it is not likely to still be of high biodiversity value per se. 
The internationally recognized Gunung Tilu-Simpang Important Bird Area (de facto also a Key 
Biodiversity Area) also overlaps the AoA (BirdLife International 2019b), with its boundary 
loosely based on that of Gunung Tilu Nature Reserve and Gunung Simpang Nature Reserve 
to the south (Figure 4). This IBA is of particular importance for Javan Hawk-eagle. 



 

Following IFC (2019), Gunung Tilu Nature Reserve and the Gunung Tilu-Simpang 
Important Bird Area both likely qualify the Project area as Critical Habitat, since they are 
all ‘internationally and/or nationally recognized areas of high biodiversity value’. 

 
Figure 4. Map of Project context, showing locations of the Area of Analysis, Gunung Tilu 
Nature Reserve, and Gunung Tilu-Simpang Important Bird Area 
Imagery Sources: Esri, DigitalGlobe, GeoEye, i-cubed, USDA FSA, USGS, AEX, Getmapping, Aerogrid, IGN, 
IGP, swisstopo, and the GIS User Community 
Note: Alignment of Key Biodiversity Areas is inaccurate for this region in the global dataset. For maps in this 
report, KBAs have been re-aligned to best fit the protected and forested areas they are presumably intended to 
represent. 
 



 

 
Figure 5. Map of Project site, showing forest cover in relation to existing and 
proposed infrastructure 
Imagery Sources: Esri, DigitalGlobe, GeoEye, i-cubed, USDA FSA, USGS, AEX, Getmapping, Aerogrid, IGN, 
IGP, swisstopo, and the GIS User Community 
 
A.2.7 Summary 
 
The Area of Analysis qualifies as Critical Habitat, owing to the presence of several Critical 
Habitat-qualifying species at globally significant levels and the presence of nationally-
protected and internationally-recognized areas. 

A.3 Assessment of Natural Habitat 
The Project is mostly located on existing cleared or agricultural areas, comprising Modified 
Habitat (Figures 5 & 6). However, well pad BB and its associated road and pipelines will 
require clearance of forest, and the Project is situated adjacent to a large area of forest. 
Forests on Java, even at high altitude, are quite fragmented. Remaining forest may be heavily 
impacted, particularly by hunting and bird trapping, but often retains a relatively natural 
structure. As such, forest areas in the Project AoA can be considered Natural Habitat, 
and non-forest areas Modified Habitat. The extent of forest areas was based on national 
datasets (MoEF 2017). 
Without extensive surveys across Natural Habitat within this area, it is not possible to identify 
all sites which may hold globally-significant populations of Critical Habitat-qualifying species, 
so it is not possible to map terrestrial Critical Habitat at a fine scale. A particularly tricky 
example is Cimanggu Nature Recreation Park. This is still mostly forested, but likely suffers 
substantial disturbance from nearby/internal roads and tourist facilities. It may thus hold some, 
disturbance-tolerant, Critical Habitat-qualifying species, though less than other nearby forests. 



 

On a precautionary basis, in the absence of much distribution data for biodiversity, all Natural 
Habitat may also qualify as Critical Habitat. 

 
Figure 6. Map of Project area, showing land use classes (MoEF 2017) likely to 
represent Natural Habitat (in shades of green) and Modified Habitat (in shades of 
grey). On a precautionary basis, in the absence of much distribution data for 
biodiversity, all Natural Habitat may also qualify as Critical Habitat 



 

Appendix B. Targeted stakeholder consultations 
 
Dr Sebastianus “Bas” van Balen, Basilornis Consults 
International expert on the birds of Indonesia. 

• Gave opinions on the likely relative status of bird species in the vicinity of the Project, 
and key existing threats to these species. 

 
James Eaton, Birdtour Asia 
International expert on the birds of Asia, particularly Indonesia. 

• Gave opinions on the likely relative status of bird species in the vicinity of the Project, 
and key existing threats to these species. 

 
Dr Stuart Marsden, Manchester Metropolitan University 
UK-based biodiversity researcher, with a focus on Asian birds – in particular the current 
distribution of songbirds in Java. 

• Gave an update on completed, ongoing and planned surveys for songbirds in the 
vicinity of the Project. 

 
Dr Christian Devenish, Manchester Metropolitan University 
UK-based biodiversity researcher, with a focus on the current distribution of songbirds in 
Java. 

• Gave an update on recent surveys for songbirds at sites near the Project. 
 
Dr Made Wedana, The Aspinall Foundation 
National primate expert. 

• Discussed the current and planned activities of The Aspinall Foundation in Gunung 
Tilu Nature Reserve. 

• Gave opinions on potential Project impacts and the suitability of proposed mitigation 
options. Stated limited concern about fragmentation impacts, but high concern about 
current levels of use of GDE roads by hunters, and the potential for increases in 
induced access to forest for hunters and trappers – stressing that these were the most 
significant threat to primate populations in the area. 

• Clarified the status of Javan Slow Loris and Javan Gibbon in the area, as well as 
existing threats to forests in the area surrounding the Project. 
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1 Executive Summary 
This document is for an expansion of the Dieng geothermal field, comprising in particular a 
power plant, one new (reinjection) well pad, ten new wells, new/upgraded roads, new 
pipelines, water storage ponds, and a c. 3 km-long power line (hereafter “the Project”). It is 
situated on the Dieng Plateau north of Wonosobo, in Central Java, Indonesia. An 
Environmental Impact Assessment (or “AMDAL”) for the Project was developed, with an 
addendum completed in 2003 and receiving national government approval in 2004. The 
AMDAL is currently being further revised. 
The Project is being financed by the Asian Development Bank (ADB) and has been identified 
as a Category B project owing to few known or clearly predictable significant impacts on 
biodiversity, although there might – without mitigation – possibly be significant adverse 
impacts on migratory birds of prey. This draft Biodiversity Action Plan (BAP) has been 
developed to implement good-practice mitigation and demonstrate Project compliance with 
ADB biodiversity safeguards (ADB 2009). There is little information on the status, distribution 
and ecology of biodiversity in the Project landscape, so this BAP has taken a precautionary 
approach. It is a living document and can be adapted during the Project life in response to 
new information on the scale or significance of Project impacts or mitigation and management 
measures 
The Project is located in a largely agricultural area comprising Modified Habitat, within a 
broader landscape which has an extensive tract of forested Natural Habitat (the Dieng 
Mountains). A full Critical Habitat Assessment (Appendix A) identified this landscape to be 
likely or actual Critical Habitat for: one globally Critically Endangered and two Endangered 
primates (Javan Slow Loris, Javan Surili and Silvery Gibbon); the Critically Endangered Javan 
Leopard; one Critically Endangered and one Endangered bird (Javan Green Magpie and 
Javan Hawk-eagle); three migratory birds of prey (Oriental Honey-buzzard, Chinese 
Sparrowhawk and Japanese Sparrowhawk); a restricted-range freshwater snail (Gyraulus 
terraesacrae); and the Pengunungan Dieng Important Bird Area (Table 1; Section 3). 
Most of these biodiversity values are restricted to forest beyond the likely reach of the majority 
of significant Project impacts. Concerns for Critical Habitat should keep these limited potential 
impacts in perspective. Nonetheless, without mitigation, the Project might possibly have 
significant impacts on some Critical Habitat-qualifying biodiversity (Section 4), notably 
mortality of three migratory birds of prey from collision with power lines.  
A number of general or standard mitigation/enhancement measures have already been 
outlined in the Project AMDAL. This BAP includes a small number of additional/specific 
mitigation and management measures (Section 5) necessary to reduce residual impacts on 
Critical Habitat-qualifying biodiversity to levels in line with the ADB Safeguard Policy 
Statement (ADB 2009). For the most part, these are not anticipated to result in any significant 
Project time delays, but burial of the power line is anticipated to incur a cost of c. $1.5 million 
above standard designs (Section 5.1). These additional/specific measures are: 

• Ensure that land clearance and sourcing of construction materials do not take place 
within the IBA or other forested areas (Section 5.1.1); 

• Bury power line underground (Section 5.1.2); and 

• Ensure sufficient flows remain in any streams from which abstraction occurs (Section 
5.1.3). 

After these general and specific mitigation measures, the Project is not expected to have 
significant impacts on any Critical Habitat-qualifying biodiversity.  
To ensure Project mitigation is successfully implemented and impacts avoided or minimized, 
the Project will undertake a program of monitoring and evaluation (Section 6).  



 

In summary, this Project will be compliant with ADB biodiversity safeguards (ADB 2009) 
because it is not located within a legally protected area and will put in place mitigation (Section 
5.1) and, if necessary, offsets (Section 5.3) to address impacts on Critical Habitat that result 
in: 

(i) no measurable adverse impacts on critical habitat that could impair its ability to 
function; and 

(ii) no reduction in the population of any recognized endangered or critically 
endangered species. 

2 Introduction 
2.1 Purpose and objectives 
This document is a draft Biodiversity Action Plan (BAP) for an expansion of the PT Geo Dipa 
Energi (GDE) Dieng Geothermal Power Plant (hereafter “the Project”), on the Dieng Plateau 
north of Wonosobo, in Central Java, Indonesia. This Project will include a power plant, five 
new production wells (all on existing well pads: R.H. Ridwan, GDE, pers. comm. 2019), a 
work-over of an existing unused production well (on an existing well pad), five new injection 
wells (three on an existing well pad and two on a new well pad), a number of new/upgraded 
roads and new pipelines (for steam, brine, condensate and water supply), a c. 3 km-long 
150 kV power connection between the new power plant and the existing substation, and 
several water storage ponds (including one of c. 20,000 km2). The proposed expansion for 
unit 2 will be located within existing facilities cleared of native vegetation, except for the power 
plant (which will be located on construction land and farmland owned by GDE), the new well 
pad I and power connection (for which GDE will acquire land – likely to be farmland given the 
Project context), and new pipelines (which will follow existing rights of way). Future plans for 
an additional expansion (unit 3 and associated infrastructure) are not part of this Project and 
are thus not considered here. 
An Environmental Impact Assessment (or “AMDAL”) for the Project, with an addendum 
completed in 2003 (hereafter referred to as “the AMDAL”), received national government 
approval in 2004. The AMDAL is currently being further revised. The Project is being financed 
by the Asian Development Bank (ADB). Under the ADB Safeguard Policy Statement (SPS: 
ADB 2009), this has been identified as a Category B project owing to few known or clearly 
predictable significant impacts on biodiversity, although there may be a risk – without the 
mitigation outlined in this BAP – of significant adverse impacts on migratory birds of prey.  
The ADB SPS requires projects in Natural Habitat to design mitigation measures to achieve 
at least no net loss of biodiversity. It requires projects in Critical Habitat to demonstrate ‘no 
measurable adverse impacts, or likelihood of such, on the critical habitat which could impair 
its high biodiversity value or the ability to function’, no ‘reduction in the population of any 
recognized endangered or critically endangered species or a loss in area of the habitat 
concerned such that the persistence of a viable and representative host ecosystem be 
compromised’, and mitigation of any lesser impacts. This BAP assesses these risks and 
presents the Project’s strategy for alignment with the ADB SPS. 
Following the draft ADB Environmental Safeguards Good Practice Sourcebook (ADB 2012), 
this BAP assesses the presence of Critical and Natural Habitat in the Project area (Section 3; 
Appendix A), evaluates potential impacts on priority biodiversity (Section 4), outlines Project 
commitments to mitigation and management measures to achieve at least no net loss for 
Critical and Natural Habitat (Section 5), and summarizes an approach to monitoring and 
evaluation to give assurance of Project performance (Section 6). It is a living document and 
can be adapted during the Project life in response to new information on the scale or 
significance of Project impacts or mitigation and management measures. 



 

2.2 Approach 
This BAP was developed through a review of existing Project documentation, other existing 
grey and published literature, consultations with GDE and non-government stakeholders 
within and outside Indonesia (Appendix B), and a visit to the site in May 2019. It aligns with 
the ADB SPS (ADB 2009) and International Finance Corporation Performance Standard 6 and 
its accompanying Guidance Note (IFC 2012, 2019). 
Except where necessary, this document does not repeat extensive information available in 
other key project documents, such as the AMDAL or the ADB Initial Environmental 
Examination (“the ADB IEE”) within which this annex sits, developed as part of the process of 
compliance with the ADB SPS. 

2.3  Key information gaps 
There is little information on the status, distribution and ecology of biodiversity in the Project 
area, or adjoining areas such as the Dieng Mountains. This BAP has thus been developed on 
a precautionary basis, assuming – where there is doubt – that species may be present in the 
Project area and may be affected by the Project.  
Some key aspects of Project implementation currently remain unclear or unknown. Of most 
relevance, at the time of this assessment, significant study was still required to understand 
Project water requirements for drilling in relation to existing natural water flows at proposed 
abstraction points and current agricultural water extraction needs downstream. In the absence 
of information, this assessment has taken a precautionary approach to such issues. 

3 Biodiversity  
3.1 Context 
The Project area falls within the tropical, very wet Western Java Montane Rain Forests 
ecoregion (Wikramanayake et al. 2002). This comprises a range of volcanoes with moderate 
endemism – particularly concentrated in birds (BirdLife International 2019a). Most of this area 
would naturally have been covered in evergreen, semi-evergreen or montane forest, but less 
than 20% of original habitat now remains (Wikramanayake et al. 2002). Much remaining forest 
is now officially protected, but hunting and trapping – particularly of birds – remains a severe 
threat to biodiversity. 
The region is also in the south of the Asian-Australasian flyway, and these forests are thus 
also likely to be important resting and refueling (and sometimes wintering) sites for migratory 
songbirds and birds of prey breeding in East Asia. These migrate eastwards in autumn, and 
westwards in spring. 

3.2 Priority biodiversity 
A full Critical Habitat Assessment (Appendix A) used a broad Dieng Mountains Area of 
Analysis (AoA) to assess Project risks. This assessment identified the AoA to be likely or 
actual Critical Habitat for one globally Critically Endangered and two Endangered primates, 
the Critically Endangered Javan Leopard, one Critically Endangered and one Endangered 
bird, three migratory birds of prey, a restricted-range freshwater snail, and one internationally-
recognized area (Table 1). Some uncertainty remains in the conclusions of this assessment, 
given limited recent information on a number of species in the Project area. Nonetheless, this 
uncertainty is unlikely to substantially change the overall conclusions of this assessment. 
Although in some cases conclusions could be refined by further studies, on a precautionary 
basis the features listed in Table 1 should all be considered priority biodiversity for the Project 
to avoid, mitigate and – if necessary – offset impacts upon. In general, this will not pose 
challenges to the Project as most priority biodiversity is confined to forests outside of the direct 
Project site. 



 

Based on Appendix A, Figure 1 summarizes the location of Natural and Modified Habitat in 
the Project area. The Area of Analysis mostly comprises Natural Habitat (forest), although the 
immediate Project area itself comprises Modified Habitat (particularly agriculture). Data are 
sufficiently sparse on the distribution of Critical Habitat-qualifying species in the Dieng 
Mountains to preclude detailed mapping of terrestrial Critical Habitat. On a precautionary 
basis, it should therefore be assumed that all Natural Habitat may also qualify as Critical 
Habitat. Following this table and maps are a set of brief profiles for Critical Habitat-qualifying 
biodiversity, focusing on where and when each is likely to occur in the Project area. More 
extensive details of why each feature meets Critical Habitat criteria are given in Appendix A. 
 



 

Table 1. Summary of Critical Habitat-qualifying biodiversity in the Project area 
Biodiversity 
type 

Biodiversity Critical Habitat 
criterion qualified 

Justification Present in 
Project 
impact 
area? 

1 2 3 4 5 6 

Mammal Javan Slow 
Loris 
Nycticebus 
javanicus 

X      On a precautionary basis, based on its 
distribution, the AoA may well support more 
than 0.5% and five pairs of this globally 
Critically Endangered primate. 

No 

Mammal Javan Surili 
Presbytis 
comata 

X      AoA is likely to support more than 0.5% and 
five pairs of this globally Endangered primate. 

No 

Mammal Silvery Gibbon 
Hylobates 
moloch 

X      AoA supports more than 0.5% and five pairs of 
this globally Endangered primate. 

No 

Mammal Javan Leopard 
Panthera 
pardus melas 

?      Possible, though unlikely, that the AoA 
supports more than 0.5% and five pairs of this 
globally Critically Endangered subspecies, but 
listed here on a precautionary basis owing to its 
perilous status and public profile. 

Possibly 

Bird Javan Hawk-
eagle Nisaetus 
bartelsi 

X      The AoA quite likely supports more than 0.5% 
and five pairs of this globally Endangered 
species. 

Unlikely 

Bird Oriental Honey-
buzzard Pernis 
ptilorhynchus 

  ?    On a precautionary basis, given information 
from the north of the AoA, it is assumed that 
more than 1% of the global population passes 
through the Dieng Mountains AoA and that it 
regularly flies low and/or roosts in the Project 
area. 

Yes 

Bird Chinese 
Sparrowhawk 
Accipiter 
soloensis 

  ?    On a precautionary basis, given information 
from the north of the AoA, it is assumed that 
more than 1% of the global population passes 
through the Dieng Mountains AoA and that it 
regularly flies low and/or roosts in the Project 
area. 

Yes 

Bird Japanese 
Sparrowhawk 
Accipiter gularis 

  ?    On a precautionary basis, given information 
from the north of the AoA, it is assumed that 
more than 1% of the global population passes 
through the Dieng Mountains AoA and that it 
regularly flies low and/or roosts in the Project 
area. 

Yes 

Bird Javan Green 
Magpie Cissa 
thalassina 

?      Possible, albeit unlikely, that the AoA supports 
more than 0.5% and five pairs of this globally 
Critically Endangered species, but listed here 
on a precautionary basis. 

No 

Freshwater 
snail 

Gyraulus 
terraesacrae 

 X     The only known location for this species is on 
the Dieng Plateau. 

Possibly 

Internationally 
recognized 
area 

Pegunungan 
Dieng Important 
Bird Area 

     X Area of high biodiversity value, internationally 
recognized as an Important Bird Area. 

Yes 

 



 

 
Figure 1. Map of Project area, showing locations of Area of Analysis and areas of Natural and 
Modified Habitat. On a precautionary basis, in the absence of much distribution data for 
biodiversity, all Natural Habitat may also qualify as Critical Habitat 
 
Javan Slow Loris (Nycticebus javanicus) 
Photos and more information are available here. 
This small nocturnal primate is considered globally Critically Endangered (Nekaris et al. 2013), owing 
to habitat loss and severe levels of collection for the pet trade. It occurs from West Java to western 
East Java and may well persist in the Dieng Mountains, since it is a relatively large remaining forest 
block.  
The species occurs in secondary forest and plantations, as well as primary forest, but is arboreal so 
requires trees to be connected by branches, vines or lianas. Owing to collection pressure, the species 
rarely persists for long in isolated fragments of habitat or near human habitation. It is thus unlikely to 
occur near Project infrastructure. 
 
Javan Surili (Presbytis comata) 
Photos and more information are available here. 
This species of leaf monkey is endemic to West and Central Java, and considered globally 
Endangered owing to forest loss and hunting (Nijman & Richardson 2008). It occurs throughout the 
Dieng Mountains, at all altitudes and in various forest types. Although it occurs at the edge of forest 
and in secondary growth, and does descend to the ground when necessary, it is unlikely to persist in 
isolated fragments of habitat. It is thus unlikely to occur near Project infrastructure. 
 
Silvery Gibbon (Hylobates moloch) 
Photos and more information are available here. 
The Silvery or Javan Gibbon occurs in west and central Java, as far east as the Dieng Mountains, and 
is considered globally Endangered (Andayani et al. 2008). Its main threat has been loss of forests. 



 

While mostly found in forests below 1,600 m, it does occur up to 2,400 m. It can tolerate a moderate 
amount of forest degradation, but is unlikely to survive in plantations or isolated fragments of habitat 
and so is unlikely to occur near Project infrastructure. 
 
Javan Leopard (Panthera pardus melas) 
Photos and more information are available here. 
This subspecies is considered globally Critically Endangered, as a result of habitat loss, hunting, and 
depletion of its prey base (Ario et al. 2008). A population is known to persist in the Dieng Mountains 
(Jacobson et al. 2016). 
It is generally restricted to forested habitats, though it may enter open country to hunt at night and 
was reported as present in the vicinity of the Project in the AMDAL, on the basis of local reports. 
Given the large range size that this species requires, it is likely that only one mature individual uses 
the Project area. Nonetheless, this is significant for an animal with an estimated global population of 
less than 250 mature individuals. 
 
Javan Hawk-eagle (Nisaetus bartelsi) 
More information is available here. 
This species historically occurred throughout Java but is considered globally Endangered (BirdLife 
International 2017), owing to loss of forest and capture for the pet trade. The Dieng Mountains – 
including the Pegunungan Dieng Important Bird Area – appear to be a key area for Javan Hawk-eagle 
(van Balen et al. 1999).  
It occurs from sea level to high mountains, but is most common on rugged slopes at 500-1,000 m. It is 
tolerant of some level of forest degradation, with some younger birds even hunting in agricultural 
habitats with scattered tree cover, so may occur within the Project area – particularly in the northern 
area closer to the main Dieng Mountains forest block. 
 
Oriental Honey-buzzard (Pernis ptilorhynchus), Chinese Sparrowhawk (Accipiter soloensis) & 
Japanese Sparrowhawk (Accipiter gularis) 
More information is available here, here and here. 
These three birds of prey are globally widespread and numerous, breeding across large areas of East 
Asia in particular (BirdLife International 2016a, b, d). In the non-breeding season, they migrate south 
to South-East and (for Oriental Honey-buzzard) South Asia. When doing so, they particularly use 
thermals over mountain areas to rise and soar great distances. They necessarily pass through a 
number of “bottleneck” areas, such as the narrowest distance over waterbodies or isolated mountain 
ranges. The Dieng Mountains appears to represent one of the latter. Nijman (2001, 2004) identified 
globally-significant concentrations of these species using the northern part of the Dieng Mountains 
during autumn migration, as a result of which the whole range was identified as an Important Bird 
Area (BirdLife International 2019b). During migration, the birds were observed flying low during 
frequent fog and low cloud, and roosting in trees on the edge of the forest or in isolated trees or 
groups of trees within agricultural areas (because these roosting areas warm up more quickly in 
mornings). 
It has been hypothesized that the southern side of the Dieng Mountains (in the vicinity of the Project) 
is more important on spring migration, when few migrating birds of prey are seen on the northern side 
(V. Nijman, Oxford Brookes University, pers. comm. 2019). Other data suggest that spring migration 
may take place instead along the north coast of Java (Baskoro 2017). A very brief spring survey was 
commissioned in the Project area, resulting in very few records of Chinese Sparrowhawk and Oriental 
Honey-buzzard, and no records of Japanese Sparrowhawk (Appendix C). However, apart from this, 
there are no data to confirm whether – or to what extent – the Project area hosts high concentrations 
of these species.  
 
Javan Green Magpie (Cissa thalassina) 
More information is available here. 
This bird has a globally restricted range and is globally Critically Endangered (BirdLife International 
2018b), as a result of forest loss and heavy trapping pressure for the pet bird trade.  
It was known from the Dieng Mountains in the 1990s and so, given the lack of recent surveys, may 
possibly still persist there. Nonetheless, any remaining populations of this species are likely to be very 
small and restricted to more remote forest areas away from access points and human habitation. As 
such, it will not be found near Project infrastructure. 
 



 

Gyraulus terraesacrae  
More information is available here. 
This freshwater snail is only known from the place where it was originally collected, decades ago: 
Toksewiwi Swamp, on the Dieng Plateau at an altitude of 2,000 m (Rintelen 2011). In the absence of 
any further records, this qualifies as a restricted-range species and is globally considered Data 
Deficient. 
Given how little is known about this species, it is possible that it may occur in swamps, pools, streams 
or other wetland habitats in the Project area. 
 
Pegunungan Dieng Important Bird Area/Key Biodiversity Area 
More information is available here. 
The internationally recognized Pegunungan Important Bird Area (also de facto a Key Biodiversity 
Area) is overlapped by the northern part of the Project (Figure 2), including well pads 10 and 30. This 
IBA was identified on the basis of its importance for Javan Hawk-Eagle and migratory birds of prey 
(as discussed above). The boundaries of this IBA appear to be imprecisely defined in relation to any 
physical or biological features, so not too much weight should be given to the boundaries of the area, 
which are likely generalized, rather to the distributions of the species for which it was identified. 
 

4 Potential impacts on Critical and Natural Habitat 
Pre-mitigation impacts on Critical Habitat (Table 1) are assessed in Table 2 and discussed in 
Section 4.1. Impacts on Natural Habitat are discussed in Section 4.2. 

4.1 Impacts on Critical Habitat 
The Project AoA represents likely or actual Critical Habitat for three primates, Javan Leopard, 
five birds, a freshwater snail, and an internationally-recognized area (Table 1). The magnitude 
of risks to this Critical Habitat-qualifying biodiversity ranges from minor-major, given their 
rarity, threatened status, conservation importance, and level of public concern about these 
species and the site (Table 2).   
The overall significance of potential impacts on Critical Habitat is assessed as Low-High 
(Table 2). There will be no clearance of Natural Habitat, and limited clearance of Modified 
Habitat. Likewise, most disturbance from construction and operations will take place in areas 
of Modified Habitat, away from most Critical Habitat-qualifying biodiversity. Impacts of 
vegetation loss and displacement of species owing to disturbance are thus assessed to be of 
Low significance. Impacts of water abstraction on the freshwater snail Gyraulus terraesacrae 
are very unclear, owing to insufficient data on its status and distribution, and on rates of water 
abstraction for the Project in relation to current stream flows. On a precautionary basis, 
impacts on Gyraulus terraesacrae of Project water abstraction from streams are thus 
assessed to be of Medium significance.  
The Dieng Mountains have been identified as an Important Bird Area, primarily owing to 
globally-significant concentrations of migratory birds of prey (BirdLife International 2019b). 
Information on the importance of the Project area for these species is sparse (Section A.2.3). 
The original project design involved a new 3 km power line. Should the area be important for 
these species, any power lines have the potential to cause direct mortality by collision – 
particularly during late afternoons when these birds descend to roost in trees in agricultural 
areas or along the forest edge, or mornings when they leave such areas. Such risks are 
exacerbated by regular cloudy/foggy conditions in the area (Nijman 2001, 2004; Appendix C). 
On a precautionary basis, given uncertainty but substantial potential risk, the potential 
impact of bird mortality from collision with power lines is considered of High 
significance. Given current power line infrastructure, and standards within Indonesia, 
mortality from electrocution is not considered a significant risk (sufficient insulation distance 
between live and grounded infrastructure is included on high voltage power lines). 



 

The potential for indirect impacts has also been considered. As most Critical Habitat-qualifying 
biodiversity within the Project AoA is present in the forests of the Dieng Mountains rather than 
close to the Project area, hunting or trapping of wildlife by construction workers is considered 
to be of Low significance.  
A potentially significant indirect project impact on Critical Habitat is the introduction of invasive 
alien species (IAS). The Global Invasive Species Database (http://www.iucngisd.org/gisd) has 
records for 168 terrestrial or freshwater IAS in Indonesia, of which 96 are plants. IAS can 
spread rapidly once introduced, significantly modifying habitat for forest-dependent species, 
and present a very high risk to biodiversity globally. There is potential for construction 
machinery, equipment or materials to introduce IAS to the Project site, particularly plants – 
e.g., as seeds within soil on machinery. However, the entire Project footprint and immediate 
surroundings already comprises Modified Habitat and already supports a number of IAS. It is 
not considered likely that the Project would significantly raise existing risks, given this context.  
 



 

Table 2. Impact assessment for Critical Habitat-qualifying biodiversity in the Project area 
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Pegunungan Dieng 
Important Bird Area 

Vegetation 
cover P Loss of vegetation cover in specific areas of the project. H M L MOD MT SMALL M UNLIKE L 

Javan Surili (Presbytis 
comata), Silvery Gibbon 
(Hylobates moloch) and 

Javan Leopard 
(Panthera pardus melas) 

Habitat 
P Loss of vegetation cover in specific areas of the project. H H M MAJ MT SMALL M UNLIKE L 
P Modification and fragmentation of habitat due to loss of vegetation cover. H H L MAJ MT SMALL M UNLIKE L 

Distribution 
P, C Displacement of species due to noise, presence of machinery and 

equipment and presence of staff. H M L MOD ST SMALL L UNLIKE L 

O Displacement of species due to noise from normal traffic, operation or 
maintenance activities. M M L MOD LT SMALL M UNLIKE L 

Mortality C Mortality of individuals, from poaching by construction workers. H H H MAJ ST SMALL M UNLIKE L 

Javan Slow Loris 
(Nycticebus javanicus) 

and Javan Green 
Magpie (Cissa 

thalassina) 

Habitat 
P Loss of vegetation cover in specific areas of the project. H M L MOD MT SMALL M UNLIKE L 
P Modification and fragmentation of habitat due to loss of vegetation cover. M L L MIN MT SMALL L UNLIKE L 

Distribution 
P, C Displacement of species due to noise, presence of machinery and 

equipment and presence of staff. M M L MOD ST SMALL L UNLIKE L 

O Displacement of species due to noise from normal traffic, operation or 
maintenance activities. L L L MIN LT SMALL M UNLIKE L 

Mortality C Mortality of individuals, from poaching by construction workers. H M H MAJ ST SMALL M UNLIKE L 

Javan Hawk-eagle 
(Nisaetus bartelsi) 

Habitat 
P Loss of vegetation cover in specific areas of the project. M M L MOD MT SMALL M UNLIKE L 
P Modification and fragmentation of habitat due to loss of vegetation cover. L L L MIN MT SMALL L UNLIKE L 

Distribution 
P, C Displacement of species due to noise, presence of machinery and 

equipment and presence of staff. M M M MOD ST SMALL L UNLIKE L 

O Displacement of species due to noise from normal traffic, operation or 
maintenance activities. M M L MOD LT SMALL M UNLIKE L 

Mortality C Mortality of individuals, from poaching by construction workers. H H H MAJ ST SMALL M UNLIKE L 

Oriental Honey-buzzard 
(Pernis ptilorhynchus), 
Chinese Sparrowhawk 

(Accipiter soloensis) and 
Japanese Sparrowhawk 

(Accipiter gularis) 

Habitat 
P Loss of vegetation cover in specific areas of the project. M L L MIN MT SMALL L UNLIKE L 
P Modification and fragmentation of habitat due to loss of vegetation cover. L L L MIN MT SMALL L UNLIKE L 

Distribution 
P, C Displacement of species due to noise, presence of machinery and 

equipment and presence of staff. M L M MOD ST SMALL L POSS L 

O Displacement of species due to noise from normal traffic, operation or 
maintenance activities. M L L MIN LT SMALL M UNLIKE L 

Mortality 
C Mortality of individuals, from poaching by construction workers. H M M MOD ST SMALL L POSS L 

O Mortality of individuals, from collision with power lines. H M H MAJ LT SMALL H POSS H 
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Gyraulus terraesacrae 
  

P, C Modification of habitat due to water abstraction. M L M MOD MT INTER M POSS M 
P Loss of vegetation cover in specific areas of the project. H L M MOD MT SMALL M UNLIKE L 

Mortality P, C Mortality of individuals due to equipment operation. H L M MOD ST SMALL L POSS L 

 
Notes: Project Phase = P-Preparation, C-Construction, WC-Worksheet Closure, O-Operation; Magnitude = MAJ-Major, MOD-Moderate, MIN-Minor; Timeframe = LT-Long-
term, MT-Medium-term, ST-Short-term; Spatial Scale = INTER-Intermediate, SMALL-Small; Probability = DEF-Definite, POSS-Possible, UNLIKE-Unlikely. 
 



 

4.2  Impacts on Natural Habitat 
All Natural Habitat is precautionarily treated as Critical Habitat, in the absence of detailed 
information on the distribution of key species (Section A.3). Significant impacts on Natural 
Habitat are not anticipated, as the Project footprint falls entirely upon already Modified Habitat.  

5 Mitigation and conservation measures for impacts on 
Critical and Natural Habitat 
5.1 Mitigation and management measures 
A number of general or standard mitigation/enhancement measures have already been 
outlined in the Project AMDAL. Table 3 summarizes general/standard mitigation measures 
relevant to potential Project impacts on Critical Habitat-qualifying biodiversity (Section 4). 
Table 3 also includes a small number of additional/Project-specific mitigation measures 
necessary to reduce residual impacts on Critical Habitat-qualifying biodiversity to levels in line 
with the ADB Safeguard Policy Statement (ADB 2009), based on a precautionary approach. 
These additional/specific mitigation measures are elaborated in Sections 5.1.1-5.1.3. The only 
specific mitigation measure anticipated to result in any significant Project time delays or costs 
is underground burial of power lines (Section 5.1.2), which might potentially cost c. $1.5 
million USD more than a standard power line suspended from transmission towers (L. Popiel, 
EDF, in litt. 2019). Residual impacts after general and specific mitigation are discussed in 
Section 5.2. 

5.1.1 Ensure that land clearance and sourcing of construction materials do not 
take place within the IBA. 
There is no plan to clear any Natural Habitat within the Pegunungan Dieng IBA, but it is 
possible construction materials may be sourced from there. This would have impacts upon the 
IBA itself, and potentially a range of Critical Habitat-qualifying species that the IBA supports 
(Section 4.1). These risks can be simply and effectively avoided by sourcing of all construction 
materials such as wood, sand or gravel from Modified Habitat outside of the IBA. This 
mitigation measure is not anticipated to cause any significant additional cost or time delay for 
the Project, as it simply involves putting this requirement in contractor contracts. 

 



 

Table 3. Mitigation and management measures for Critical Habitat-qualifying biodiversity. 

Environmental 
Component Aspect Project 

phase Impact Mitigation action 
Responsibility 

Development/ 
implementation Control 

Javan Surili (Presbytis 
comata), Silvery Gibbon 
(Hylobates moloch) and 

Javan Leopard (Panthera 
pardus melas) 

Habitat 

P 
Loss of vegetation cover 
in specific areas of the 
project. 

Ensure that land clearance and sourcing of construction materials do 
not take place within the IBA or other forested areas. 

EPC contractor 
PT Geo Dipa 
Dieng 

P 

Modification and 
fragmentation of habitat 
due to loss of vegetation 
cover. 

Distribution 

P, C 

Displacement of species 
due to noise, presence 
of machinery and 
equipment and presence 
of staff. Regularly maintain and inspect/certificate all vehicles, equipment and 

machinery to ensure that noise levels conform to prescribed standards. 
EPC contractor 

PT Geo Dipa 
Dieng 

O 

Displacement of species 
due to noise from 
normal traffic, operation 
or maintenance 
activities. 

Mortality C 
Mortality of individuals, 
from poaching by 
construction workers. 

Implement a strict code of conduct forbidding hunting/trapping, and 
purchase of wildlife, by staff and contractors, with heavy penalties. 
Train staff and contractors on this code of conduct, and its justification. 

EPC contractor 
PT Geo Dipa 
Dieng 

Javan Slow Loris 
(Nycticebus javanicus) 

and Javan Green Magpie 
(Cissa thalassina) 

Habitat 

P 
Loss of vegetation cover 
in specific areas of the 
project. 

Ensure that land clearance and sourcing of construction materials do 
not take place within the IBA or other forested areas. 

EPC contractor 
PT Geo Dipa 
Dieng 

P 

Modification and 
fragmentation of habitat 
due to loss of vegetation 
cover. 

Distribution 

P, C 

Displacement of species 
due to noise, presence 
of machinery and 
equipment and presence 
of staff. Regularly maintain and inspect/certificate all vehicles, equipment and 

machinery to ensure that noise levels conform to prescribed standards. 
EPC contractor 

PT Geo Dipa 
Dieng 

O 

Displacement of species 
due to noise from 
normal traffic, operation 
or maintenance 
activities. 



 

Environmental 
Component Aspect Project 

phase Impact Mitigation action 
Responsibility 

Development/ 
implementation Control 

Mortality C 
Mortality of individuals, 
from poaching by 
construction workers. 

Implement a strict code of conduct forbidding hunting/trapping, and 
purchase of wildlife, by staff and contractors, with heavy penalties. 
Train staff and contractors on this code of conduct, and its justification. 

EPC contractor, civil 
works contractor 

PT Geo Dipa 
Dieng 

Javan Hawk-eagle 
(Nisaetus bartelsi) 

Habitat 

P 
Loss of vegetation cover 
in specific areas of the 
project. 

Ensure that land clearance and sourcing of construction materials do 
not take place within the IBA or other forested areas. 

EPC contractor, civil 
works contractor 

PT Geo Dipa 
Dieng 

P 

Modification and 
fragmentation of habitat 
due to loss of vegetation 
cover. 

Distribution 

P, C 

Displacement of species 
due to noise, presence 
of machinery and 
equipment and presence 
of staff. Regularly maintain and inspect/certificate all vehicles, equipment and 

machinery to ensure that noise levels conform to prescribed standards. 
EPC contractor, civil 
works contractor 

PT Geo Dipa 
Dieng 

O 

Displacement of species 
due to noise from 
normal traffic, operation 
or maintenance 
activities. 

Mortality C 
Mortality of individuals, 
from poaching by 
construction workers. 

Implement a strict code of conduct forbidding hunting/trapping, and 
purchase of wildlife, by staff and contractors, with heavy penalties. 
Train staff and contractors on this code of conduct, and its justification. 

EPC contractor, civil 
works contractor 

PT Geo Dipa 
Dieng 

Oriental Honey-buzzard 
(Pernis ptilorhynchus), 
Chinese Sparrowhawk 

(Accipiter soloensis) and 
Japanese Sparrowhawk 

(Accipiter gularis) 

Habitat 

P 
Loss of vegetation cover 
in specific areas of the 
project. 

Ensure that land clearance and sourcing of construction materials do 
not take place within the IBA or other forested areas. 

EPC contractor, civil 
works contractor 

PT Geo Dipa 
Dieng 

P 

Modification and 
fragmentation of habitat 
due to loss of vegetation 
cover. 

Distribution 

P, C 

Displacement of species 
due to noise, presence 
of machinery and 
equipment and presence 
of staff. Regularly maintain and inspect/certificate all vehicles, equipment and 

machinery to ensure that noise levels conform to prescribed standards. 
EPC contractor, civil 
works contractor 

PT Geo Dipa 
Dieng 

O 

Displacement of species 
due to noise from 
normal traffic, operation 
or maintenance 
activities. 



 

Environmental 
Component Aspect Project 

phase Impact Mitigation action 
Responsibility 

Development/ 
implementation Control 

Mortality 

C 
Mortality of individuals, 
from poaching by 
construction workers. 

Implement a strict code of conduct forbidding hunting/trapping, and 
purchase of wildlife, by staff and contractors, with heavy penalties. 
Train staff and contractors on this code of conduct, and its justification. 

EPC contractor, civil 
works contractor 

PT Geo Dipa 
Dieng 

O 
Mortality of individuals, 
from collision with power 
lines. 

Bury power line underground EPC contractor 
PT Geo Dipa 
Dieng 

Gyraulus terraesacrae 

  

P, C 
Modification of habitat 
due to water abstraction. 

Ensure sufficient flows remain in any streams from which abstraction 
occurs. 

Drilling contractor 
PT Geo Dipa 
Dieng 

P 
Loss of vegetation cover 
in specific areas of the 
project. Avoid all non-essential operation of equipment in ponds, pools, lakes 

and streams. 
EPC contractor, civil 
works contractor 

PT Geo Dipa 
Dieng 

Mortality P, C 
Mortality of individuals 
due to equipment 
operation. 

 



 

5.1.2 Bury power line underground 
Originally-planned 150 kV pylons at Dieng are a common design, with three vertically-aligned 
live wires and a higher earth wire (Figure 2). For migrating birds, the vertical alignment of wires 
essentially presents four opportunities for collision. Alternate designs with horizontal alignment 
or bundling of live wires are used in some countries. Likewise, bird flight diverters can be 
added to power lines to make them more detectable by birds (APLIC 2012, Bernadino et al. 
2018). Nonetheless, such mitigation measures only reduce – rather than eliminate – collision 
risks.  
Substantial uncertainty remains over the importance of the Project area for migratory birds of 
prey. Alternate pylon designs would not be necessary if monitoring proves that the Project 
area was not important for such species (Section 6). Nonetheless, the Project has decided to 
bury the planned power lines underground as a precaution that will completely avoid collision 
risks to migrating birds and demonstrate GDE world-leading best-practice. 
 

 
Figure 2. Existing 150 kV power line at power station 1, Dieng. 

5.1.3 Ensure sufficient flows remain in any streams from which abstraction 
occurs 
Information on natural flows of, and agricultural water abstraction from, streams in the Project 
area is currently very limited (Section 2.3). Based on further studies, Geo Dipa will ensure that 
water abstraction for drilling will only take place from surface water sources if sufficient water 
remains for agricultural use and ecological functionality. Ecological functionality is a 
particularly necessary precaution given uncertainty over whether the Critically Endangered 



 

freshwater snail Gyraulus terraesacrae occurs in the area (Section 3.2). Without further 
information on current surface water flows, the technical feasibility of abstraction from streams 
in the Project area is unclear – and it is also thus unclear what, if any, alternatives may be 
necessary. One forward-looking option may be to use condensate from unit 1 for drilling 
purposes. This could ensure sufficient water availability for drilling for this Project, as well as 
future expansions. Ensuring sufficient water flows remain in streams is not per se anticipated 
to cause any significant additional cost or time delay for the Project, but any alternative water 
provision options – such as a water treatment plant – may have cost or time implications. 
Other than the necessary core cost of further studies to assess appropriate abstraction rates, 
this mitigation action will not result in any additional costs to the Project. Dependent on results 
of further studies, and the exact mitigation solutions chosen, it may result in some time delays. 

5.2 Residual impacts 
Significant impacts on Natural Habitat are not anticipated, as the Project footprint falls entirely 
upon already Modified Habitat.  
Residual impacts for Critical Habitat-qualifying (“priority”) biodiversity (Table 1), after the 
application of Project mitigation (Section 5.1) are assessed in Table 4. In no cases are impacts 
on priority biodiversity expected to remain greater than negligible.  
The Project is compliant for biodiversity with the ADB Safeguard Policy Statement (2009) 
because, after mitigation, (i) there are no measurable adverse impacts, or likelihood of such, 
on the critical habitat which could impair its high biodiversity value or the ability to function, 
and (ii) the project is not anticipated to lead to a reduction in the population of any recognized 
endangered or critically endangered species or a loss in area of the habitat concerned such 
that the persistence of a viable and representative host ecosystem be compromised.  



 

Table 4. Residual impacts after mitigation for Critical Habitat-qualifying biodiversity 

Environmental 
Component Aspect Project 

phase Impact 

Significance 
of impact 
without 

mitigation 

Residual impact after implementation of 
mitigation measures 

Key Residual Impacts Preparation, 
Construction, 
and Worksite 

Closure Phases 

Operation Phase 

Day 1 Year 10 

Pegunungan 
Dieng Important 

Bird Area 

Vegetation 
cover P Loss of vegetation cover in 

specific areas of the project. L Negligible Negligible Negligible 
n/a 

Javan Surili 
(Presbytis 

comata), Silvery 
Gibbon 

(Hylobates 
moloch) and 

Javan Leopard 
(Panthera 

pardus melas) 

Habitat 

P Loss of vegetation cover in 
specific areas of the project. L Negligible Negligible Negligible n/a 

P 
Modification and fragmentation of 
habitat due to loss of vegetation 
cover. 

L Negligible Negligible Negligible 
n/a 

Distribution 

P, C 
Displacement of species due to 
noise, presence of machinery and 
equipment and presence of staff. 

L Negligible Negligible Negligible 
n/a 

O 
Displacement of species due to 
noise from normal traffic, operation 
or maintenance activities. 

L Negligible Negligible Negligible 
n/a 

Mortality C Mortality of individuals, from 
poaching by construction workers. L Negligible Negligible Negligible 

n/a 

Javan Slow 
Loris 

(Nycticebus 
javanicus) and 
Javan Green 

Magpie (Cissa 
thalassina) 

Habitat 

P Loss of vegetation cover in 
specific areas of the project. L Negligible Negligible Negligible n/a 

P 
Modification and fragmentation of 
habitat due to loss of vegetation 
cover. 

L Negligible Negligible Negligible 
n/a 

Distribution 

P, C 
Displacement of species due to 
noise, presence of machinery and 
equipment and presence of staff. 

L Negligible Negligible Negligible 
n/a 

O 
Displacement of species due to 
noise from normal traffic, operation 
or maintenance activities. 

L Negligible Negligible Negligible 
n/a 

Mortality C Mortality of individuals, from 
poaching by construction workers. L Negligible Negligible Negligible 

n/a 

Javan Hawk-
eagle (Nisaetus 

bartelsi) 

Habitat 

P Loss of vegetation cover in 
specific areas of the project. L Negligible Negligible Negligible n/a 

P 
Modification and fragmentation of 
habitat due to loss of vegetation 
cover. 

L Negligible Negligible Negligible 
n/a 

Distribution P, C 
Displacement of species due to 
noise, presence of machinery and 
equipment and presence of staff. 

L Negligible Negligible Negligible 
n/a 



 

Environmental 
Component Aspect Project 

phase Impact 

Significance 
of impact 
without 

mitigation 

Residual impact after implementation of 
mitigation measures 

Key Residual Impacts Preparation, 
Construction, 
and Worksite 

Closure Phases 

Operation Phase 

Day 1 Year 10 

O 
Displacement of species due to 
noise from normal traffic, operation 
or maintenance activities. 

L Negligible Negligible Negligible 
n/a 

Mortality C Mortality of individuals, from 
poaching by construction workers. L Negligible Negligible Negligible 

n/a 

Oriental Honey-
buzzard (Pernis 
ptilorhynchus), 

Chinese 
Sparrowhawk 

(Accipiter 
soloensis) and 

Japanese 
Sparrowhawk 

(Accipiter 
gularis) 

Habitat 

P Loss of vegetation cover in 
specific areas of the project. L Negligible Negligible Negligible n/a 

P 
Modification and fragmentation of 
habitat due to loss of vegetation 
cover. 

L Negligible Negligible Negligible 
n/a 

Distribution 

P, C 
Displacement of species due to 
noise, presence of machinery and 
equipment and presence of staff. 

L Negligible Negligible Negligible 
n/a 

O 
Displacement of species due to 
noise from normal traffic, operation 
or maintenance activities. 

L Negligible Negligible Negligible 
n/a 

Mortality 
C Mortality of individuals, from 

poaching by construction workers. L Negligible Negligible Negligible 
n/a 

O Mortality of individuals, from 
collision with power lines. H None None None n/a 

Gyraulus 
terraesacrae 

  
P, C Modification of habitat due to 

water abstraction. M Negligible Negligible Negligible n/a 

P Loss of vegetation cover in 
specific areas of the project. L Negligible Negligible Negligible n/a 

Mortality P, C Mortality of individuals due to 
equipment operation. L Negligible Negligible Negligible n/a 

 

 
 

 

 



 

5.3 No net loss/net gain approach 
The ADB Safeguard Policy Statement requires ‘measures to avoid, minimize, or mitigate 
potentially adverse impacts and risks’, as outlined in Section 5.1. Assuming appropriate 
mitigation can also be put in place for Gyraulus terraesacrae (Section 5.1.3), no significant 
biodiversity impacts are anticipated. There is thus anticipated to be no need for 
compensatory/offset measures.  

6 Biodiversity monitoring 
The Project will undertake a general program of monitoring during site preparation, 
construction and worksite closure. Within that program, specific monitoring will be undertaken 
for Critical Habitat-qualifying biodiversity to confirm presence of effective mitigation (Table 6). 

 

 



 

Table 6. Key areas of monitoring necessary to assess changes in the state of priority biodiversity, changes in threats, and progress of project 
mitigation actions 

Environmental 
Component Aspect Project 

phase Impact Mitigation action What parameter is 
to be monitored? 

Where is the 
parameter to 

be 
monitored? 

How is the 
parameter to 

be 
monitored? 

When is the 
parameter to be 

monitored 
(frequency)? 

Institutional 
responsibility 

Pegunungan 
Dieng 

Important Bird 
Area 

Vegetation 
cover 

P 

Loss of 
vegetation cover 
in specific areas 
of the project. 

Ensure that land clearance 
and sourcing of construction 
materials do not take place 
within the IBA. 

Vegetation 
clearance by 
Project staff and 
contractors accords 
with Project design, 
including avoidance 
of wetland areas 

Project Area of 
Influence 

Review of 
Project 
incident 
logbook; 
visual 
inspection 

Unannounced 
inspections at least 
quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Dieng 

Sourcing of 
materials 

Project Area of 
Influence 

Review of 
records for 
sourcing of 
materials; 
inspections 

Unannounced 
inspections 
quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Dieng 

P 
Introduction of 
invasive alien 
species. 

Take care to avoid 
introduction of new invasive 
species to, and spread of 
existing invasive species 
within, the Project area 
through:  
- washing of vehicles, 
equipment and supplies 
before entry to the Project 
area;  
- monitoring for invasive 
species; and  
- control/eradication of 
invasive species where 
found. 

Washing of 
vehicles, equipment 
and supplies before 
entry to Project area 

Transit site 
outside Project 
Area of 
Influence 

Inspections 

Unannounced 
inspections at least 
quarterly during 
preparation and 
construction phases 

PT Geo Dipa 
Dieng 

Abundance/spread 
of invasive alien 
species in Project 
area 

Project Area of 
Influence 

Surveys by 
specialist sub-
contractor 

Annually, in summer 
during preparation 
and construction 
phases 

PT Geo Dipa 
Dieng 

Control of 
new/spreading 
areas of invasive 
alien species in 
Project area 

Project Area of 
Influence 

Records of 
invasive 
species 
control; 
inspections 

Quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Dieng 

Javan Surili 
(Presbytis 
comata), 

Silvery Gibbon 
(Hylobates 

moloch) and 
Javan Leopard 

(Panthera 
pardus melas) 

Habitat 

P 

Loss of 
vegetation cover 
in specific areas 
of the project. 

Ensure that land clearance 
and sourcing of construction 
materials do not take place 
within the IBA or other 
forested areas. 

Vegetation 
clearance by 
Project staff and 
contractors accords 
with Project design, 
including avoidance 
of wetland areas 

Project Area of 
Influence 

Review of 
Project 
incident 
logbook; 
visual 
inspection 

Unannounced 
inspections at least 
quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Dieng 

P 

Modification and 
fragmentation of 
habitat due to 
loss of vegetation 
cover. 

Sourcing of 
materials 

Project Area of 
Influence 

Review of 
records for 
sourcing of 
materials; 
inspections 

Unannounced 
inspections 
quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Dieng 



 

Environmental 
Component Aspect Project 

phase Impact Mitigation action What parameter is 
to be monitored? 

Where is the 
parameter to 

be 
monitored? 

How is the 
parameter to 

be 
monitored? 

When is the 
parameter to be 

monitored 
(frequency)? 

Institutional 
responsibility 

P 
Introduction of 
invasive alien 
species. 

Take care to avoid 
introduction of new invasive 
species to, and spread of 
existing invasive species 
within, the Project area 
through:  
- washing of vehicles, 
equipment and supplies 
before entry to the Project 
area;  
- monitoring for invasive 
species; and  
- control/eradication of 
invasive species where 
found. 

Washing of 
vehicles, equipment 
and supplies before 
entry to Project area 

Transit site 
outside Project 
Area of 
Influence 

Inspections 

Unannounced 
inspections at least 
quarterly during 
preparation and 
construction phases 

PT Geo Dipa 
Dieng 

Abundance/spread 
of invasive alien 
species in Project 
area 

Project Area of 
Influence 

Surveys by 
specialist sub-
contractor 

Annually, in summer 
during preparation 
and construction 
phases 

PT Geo Dipa 
Dieng 

Control of 
new/spreading 
areas of invasive 
alien species in 
Project area 

Project Area of 
Influence 

Records of 
invasive 
species 
control; 
inspections 

Quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Dieng 

Distribution 

P, C 

Displacement of 
species due to 
noise, presence 
of machinery and 
equipment and 
presence of staff. 

Regularly maintain and 
inspect/certificate all 
vehicles, equipment and 
machinery to ensure that 
noise levels conform to 
prescribed standards. 

Noise levels of 
Project vehicles, 
equipment and 
machinery against 
prescribed 
standards 

Project Area 
Review of 
certificates; 
inspections 

Unannounced 
inspections quarterly 
during preparation 
and construction 
phases 

PT Geo Dipa 
Dieng 

O 

Displacement of 
species due to 
noise from 
normal traffic, 
operation or 
maintenance 
activities. 

Not anticipated to be a significant impact; no monitoring required 

Mortality C 

Mortality of 
individuals, from 
poaching by 
construction 
workers. 

Implement a strict code of 
conduct forbidding 
hunting/trapping, and 
purchase of wildlife, by staff 
and contractors, with heavy 
penalties. Train staff and 
contractors on this code of 
conduct, and its justification. 

Staff adherence to 
best practice Project Area 

Review of 
training 
records; 
review of 
Project 
incident 
logbook; 
inspections 

Unannounced 
inspections quarterly 
during preparation 
and construction 
phases 

PT Geo Dipa 
Dieng 

Javan Slow 
Loris 

(Nycticebus 
javanicus) and 
Javan Green 

Magpie (Cissa 
thalassina) 

Habitat P 

Loss of 
vegetation cover 
in specific areas 
of the project. 

Ensure that land clearance 
and sourcing of construction 
materials do not take place 
within the IBA or other 
forested areas. 

Vegetation 
clearance by 
Project staff and 
contractors accords 
with Project design, 
including avoidance 
of wetland areas 

Project Area of 
Influence 

Review of 
Project 
incident 
logbook; 
visual 
inspection 

Unannounced 
inspections at least 
quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Dieng 



 

Environmental 
Component Aspect Project 

phase Impact Mitigation action What parameter is 
to be monitored? 

Where is the 
parameter to 

be 
monitored? 

How is the 
parameter to 

be 
monitored? 

When is the 
parameter to be 

monitored 
(frequency)? 

Institutional 
responsibility 

P 

Modification and 
fragmentation of 
habitat due to 
loss of vegetation 
cover. 

Sourcing of 
materials 

Project Area of 
Influence 

Review of 
records for 
sourcing of 
materials; 
inspections 

Unannounced 
inspections 
quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Dieng 

P 
Introduction of 
invasive alien 
species. 

Take care to avoid 
introduction of new invasive 
species to, and spread of 
existing invasive species 
within, the Project area 
through:  
- washing of vehicles, 
equipment and supplies 
before entry to the Project 
area;  
- monitoring for invasive 
species; and  
- control/eradication of 
invasive species where 
found. 

Washing of 
vehicles, equipment 
and supplies before 
entry to Project area 

Transit site 
outside Project 
Area of 
Influence 

Inspections 

Unannounced 
inspections at least 
quarterly during 
preparation and 
construction phases 

PT Geo Dipa 
Dieng 

Abundance/spread 
of invasive alien 
species in Project 
area 

Project Area of 
Influence 

Surveys by 
specialist sub-
contractor 

Annually, in summer 
during preparation 
and construction 
phases 

PT Geo Dipa 
Dieng 

Control of 
new/spreading 
areas of invasive 
alien species in 
Project area 

Project Area of 
Influence 

Records of 
invasive 
species 
control; 
inspections 

Quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Dieng 

Distribution 

P, C 

Displacement of 
species due to 
noise, presence 
of machinery and 
equipment and 
presence of staff. 

Regularly maintain and 
inspect/certificate all 
vehicles, equipment and 
machinery to ensure that 
noise levels conform to 
prescribed standards. 

Noise levels of 
Project vehicles, 
equipment and 
machinery against 
prescribed 
standards 

Project Area 
Review of 
certificates; 
inspections 

Unannounced 
inspections quarterly 
during preparation 
and construction 
phases 

PT Geo Dipa 
Dieng 

O 

Displacement of 
species due to 
noise from 
normal traffic, 
operation or 
maintenance 
activities. 

Not anticipated to be a significant impact; no monitoring required 

Mortality C 

Mortality of 
individuals, from 
poaching by 
construction 
workers. 

Implement a strict code of 
conduct forbidding 
hunting/trapping, and 
purchase of wildlife, by staff 
and contractors, with heavy 
penalties. Train staff and 
contractors on this code of 
conduct, and its justification. 

Staff adherence to 
best practice Project Area 

Review of 
training 
records; 
review of 
Project 
incident 
logbook; 
inspections 

Unannounced 
inspections quarterly 
during preparation 
and construction 
phases 

PT Geo Dipa 
Dieng 



 

Environmental 
Component Aspect Project 

phase Impact Mitigation action What parameter is 
to be monitored? 

Where is the 
parameter to 

be 
monitored? 

How is the 
parameter to 

be 
monitored? 

When is the 
parameter to be 

monitored 
(frequency)? 

Institutional 
responsibility 

Javan Hawk-
eagle (Nisaetus 

bartelsi) 

Habitat 

P 

Loss of 
vegetation cover 
in specific areas 
of the project. 

Ensure that land clearance 
and sourcing of construction 
materials do not take place 
within the IBA or other 
forested areas. 

Vegetation 
clearance by 
Project staff and 
contractors accords 
with Project design, 
including avoidance 
of wetland areas 

Project Area of 
Influence 

Review of 
Project 
incident 
logbook; 
visual 
inspection 

Unannounced 
inspections at least 
quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Dieng 

P 

Modification and 
fragmentation of 
habitat due to 
loss of vegetation 
cover. 

Sourcing of 
materials 

Project Area of 
Influence 

Review of 
records for 
sourcing of 
materials; 
inspections 

Unannounced 
inspections 
quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Dieng 

P 
Introduction of 
invasive alien 
species. 

Take care to avoid 
introduction of new invasive 
species to, and spread of 
existing invasive species 
within, the Project area 
through:  
- washing of vehicles, 
equipment and supplies 
before entry to the Project 
area;  
- monitoring for invasive 
species; and  
- control/eradication of 
invasive species where 
found. 

Washing of 
vehicles, equipment 
and supplies before 
entry to Project area 

Transit site 
outside Project 
Area of 
Influence 

Inspections 

Unannounced 
inspections at least 
quarterly during 
preparation and 
construction phases 

PT Geo Dipa 
Dieng 

Abundance/spread 
of invasive alien 
species in Project 
area 

Project Area of 
Influence 

Surveys by 
specialist sub-
contractor 

Annually, in summer 
during preparation 
and construction 
phases 

PT Geo Dipa 
Dieng 

Control of 
new/spreading 
areas of invasive 
alien species in 
Project area 

Project Area of 
Influence 

Records of 
invasive 
species 
control; 
inspections 

Quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Dieng 

Distribution 

P, C 

Displacement of 
species due to 
noise, presence 
of machinery and 
equipment and 
presence of staff. 

Regularly maintain and 
inspect/certificate all 
vehicles, equipment and 
machinery to ensure that 
noise levels conform to 
prescribed standards. 

Noise levels of 
Project vehicles, 
equipment and 
machinery against 
prescribed 
standards 

Project Area 
Review of 
certificates; 
inspections 

Unannounced 
inspections quarterly 
during preparation 
and construction 
phases 

PT Geo Dipa 
Dieng 

O 

Displacement of 
species due to 
noise from 
normal traffic, 
operation or 
maintenance 
activities. 

Not anticipated to be a significant impact; no monitoring required 

Mortality C 
Mortality of 
individuals, from 
poaching by 

Implement a strict code of 
conduct forbidding 
hunting/trapping, and 
purchase of wildlife, by staff 

Staff adherence to 
best practice Project Area 

Review of 
training 
records; 
review of 

Unannounced 
inspections quarterly 
during preparation 

PT Geo Dipa 
Dieng 



 

Environmental 
Component Aspect Project 

phase Impact Mitigation action What parameter is 
to be monitored? 

Where is the 
parameter to 

be 
monitored? 

How is the 
parameter to 

be 
monitored? 

When is the 
parameter to be 

monitored 
(frequency)? 

Institutional 
responsibility 

construction 
workers. 

and contractors, with heavy 
penalties. Train staff and 
contractors on this code of 
conduct, and its justification. 

Project 
incident 
logbook; 
inspections 

and construction 
phases 

Oriental 
Honey-buzzard 

(Pernis 
ptilorhynchus), 

Chinese 
Sparrowhawk 

(Accipiter 
soloensis) and 

Japanese 
Sparrowhawk 

(Accipiter 
gularis) 

Habitat 

P 

Loss of 
vegetation cover 
in specific areas 
of the project. 

Ensure that land clearance 
and sourcing of construction 
materials do not take place 
within the IBA or other 
forested areas. 

Vegetation 
clearance by 
Project staff and 
contractors accords 
with Project design, 
including avoidance 
of wetland areas 

Project Area of 
Influence 

Review of 
Project 
incident 
logbook; 
visual 
inspection 

Unannounced 
inspections at least 
quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Dieng 

P 

Modification and 
fragmentation of 
habitat due to 
loss of vegetation 
cover. 

Sourcing of 
materials 

Project Area of 
Influence 

Review of 
records for 
sourcing of 
materials; 
inspections 

Unannounced 
inspections 
quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Dieng 

P 
Introduction of 
invasive alien 
species. 

Take care to avoid 
introduction of new invasive 
species to, and spread of 
existing invasive species 
within, the Project area 
through:  
- washing of vehicles, 
equipment and supplies 
before entry to the Project 
area;  
- monitoring for invasive 
species; and  
- control/eradication of 
invasive species where 
found. 

Washing of 
vehicles, equipment 
and supplies before 
entry to Project area 

Transit site 
outside Project 
Area of 
Influence 

Inspections 

Unannounced 
inspections at least 
quarterly during 
preparation and 
construction phases 

PT Geo Dipa 
Dieng 

Abundance/spread 
of invasive alien 
species in Project 
area 

Project Area of 
Influence 

Surveys by 
specialist sub-
contractor 

Annually, in summer 
during preparation 
and construction 
phases 

PT Geo Dipa 
Dieng 

Control of 
new/spreading 
areas of invasive 
alien species in 
Project area 

Project Area of 
Influence 

Records of 
invasive 
species 
control; 
inspections 

Quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Dieng 

Distribution 

P, C 

Displacement of 
species due to 
noise, presence 
of machinery and 
equipment and 
presence of staff. 

Regularly maintain and 
inspect/certificate all 
vehicles, equipment and 
machinery to ensure that 
noise levels conform to 
prescribed standards. 

Noise levels of 
Project vehicles, 
equipment and 
machinery against 
prescribed 
standards 

Project Area 
Review of 
certificates; 
inspections 

Unannounced 
inspections quarterly 
during preparation 
and construction 
phases 

PT Geo Dipa 
Dieng 

O 

Displacement of 
species due to 
noise from 
normal traffic, 
operation or 
maintenance 
activities. 

Not anticipated to be a significant impact; no monitoring required 



 

Environmental 
Component Aspect Project 

phase Impact Mitigation action What parameter is 
to be monitored? 

Where is the 
parameter to 

be 
monitored? 

How is the 
parameter to 

be 
monitored? 

When is the 
parameter to be 

monitored 
(frequency)? 

Institutional 
responsibility 

Mortality 

C 

Mortality of 
individuals, from 
poaching by 
construction 
workers. 

Implement a strict code of 
conduct forbidding 
hunting/trapping, and 
purchase of wildlife, by staff 
and contractors, with heavy 
penalties. Train staff and 
contractors on this code of 
conduct, and its justification. 

Staff adherence to 
best practice Project Area 

Review of 
training 
records; 
review of 
Project 
incident 
logbook; 
inspections 

Unannounced 
inspections quarterly 
during preparation 
and construction 
phases 

PT Geo Dipa 
Dieng 

O 

Mortality of 
individuals, from 
collision with 
power lines. 

Bury power line 
underground. 

Power line buried 
as planned Project Area Inspection During power line 

installation 
PT Geo Dipa 
Dieng 

Gyraulus 
terraesacrae 

Habitat 

P 
Introduction of 
invasive alien 
species. 

Take care to avoid 
introduction of new invasive 
species to, and spread of 
existing invasive species 
within, the Project area 
through:  
- washing of vehicles, 
equipment and supplies 
before entry to the Project 
area;  
- monitoring for invasive 
species; and  
- control/eradication of 
invasive species where 
found. 

Washing of 
vehicles, equipment 
and supplies before 
entry to Project area 

Transit site 
outside Project 
Area of 
Influence 

Inspections 

Unannounced 
inspections at least 
quarterly during 
preparation and 
construction phases 

PT Geo Dipa 
Dieng 

Abundance/spread 
of invasive alien 
species in Project 
area 

Project Area of 
Influence 

Surveys by 
specialist sub-
contractor 

Annually, in summer 
during preparation 
and construction 
phases 

PT Geo Dipa 
Dieng 

Control of 
new/spreading 
areas of invasive 
alien species in 
Project area 

Project Area of 
Influence 

Records of 
invasive 
species 
control; 
inspections 

Quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Dieng 

P, C 
Modification of 
habitat due to 
water abstraction. 

Ensure sufficient flows 
remain in any streams from 
which abstraction occurs. 

Water flows equal 
or higher than those 
identified in planned 
studies 

Downstream 
from 
abstraction 
points 

Inspections 
Quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Dieng 

P 

Loss of 
vegetation cover 
in specific areas 
of the project. 

Avoid all operation of 
equipment in ponds, pools, 
lakes and streams. 

Vegetation 
clearance by 
Project staff and 
contractors accords 
with Project design, 
including avoidance 
of wetland areas 

 Project Area 
of Influence  

Review of 
Project 
incident 
logbook; 
visual 
inspection 

Unannounced 
inspections at least 
quarterly, during 
preparation and 
construction phases 

PT Geo Dipa 
Dieng 

P 

Modification and 
fragmentation of 
habitat due to 
loss of vegetation 
cover. 

PT Geo Dipa 
Dieng 

Mortality P, C 

Mortality of 
individuals due to 
equipment 
operation. 

Vegetation 
disturbance by 
Project vehicles and 
contractors 

Project Area of 
Influence 

Review of 
Project 
incident 
logbook; 

Unannounced 
inspections at least 
quarterly, during 

PT Geo Dipa 
Dieng 



 

Environmental 
Component Aspect Project 

phase Impact Mitigation action What parameter is 
to be monitored? 

Where is the 
parameter to 

be 
monitored? 

How is the 
parameter to 

be 
monitored? 

When is the 
parameter to be 

monitored 
(frequency)? 

Institutional 
responsibility 

visual 
inspection 

preparation and 
construction phases 
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Appendix A. Critical and Natural Habitat Assessment 
The ADB Safeguard Policy Statement (ADB 2009) requires assessment of whether the project 
is planned in an area that may qualify as Critical Habitat or Natural Habitat. This assessment 
followed more detailed guidance in International Finance Corporation Performance Standard 
6 and its accompanying guidance note (IFC 2012, 2019). 

A.1 Areas of analysis 

Critical Habitat and Natural Habitat assessment ideally takes place across sensible ecological 
or political units that are sufficiently large to encompass all direct and indirect impacts from the 
project. These areas of analysis (AoAs) are thus often much broader than the direct project 
footprint. AoAs may be separate or combined, depending on the ecology of the biodiversity 
concerned. 
Since the main potential biodiversity risks associated with this Project relate to migratory birds 
of prey (Section A.2.3), a single AoA was developed to encompass the Project itself and the 
Pegunungan Dieng Important Bird Area, using a buffer of 4 km around the IBA (Figure 4). This 
IBA extends to the north and west of the Project, and is overlapped by the Project (including 
well pads 10 and 30) at the south-east extremes of the IBA. 
Identification of this AoA does not mean that the project has any obligations across it. The aim 
of this Critical and Natural Habitat Assessment is to identify whether the broad unit qualifies as 
Critical Habitat and, if so, for which biodiversity features. This information helps to prioritize 
impact assessment and to focus mitigation efforts. 

A.2 Assessment of biodiversity which may qualify the area as Critical Habitat 

Each of the following sections considers candidate Critical Habitat-qualifying biodiversity 
identified within the AMDAL or other literature as actually or potentially present. In each case, 
reasons are identified for each biodiversity feature likely meeting or not meeting Critical 
Habitat. Two categories of biodiversity that might qualify the area as Critical Habitat were only 
considered briefly here, and should be assessed further by social experts – specifically areas 
that provide key ecosystem services and areas with biodiversity that has significant social, 
cultural or economic importance to local communities. 

A.2.1 Critically Endangered and Endangered species 
 
Critically Endangered, Endangered, and (per IFC 2019) Vulnerable species and relevant 
subspecies were included in an initial screening if they were found during surveys, or there is 
indication of their presence near the Project site from literature. Threat status is taken from the 
global IUCN Red List (IUCN 2019). An initial list of 53 such species was reduced to 15 after a 
quick screen against quantitative thresholds for Critical Habitat (IFC 2019). The remaining 15 
are considered in more detail below.  
 
Javan Slow Loris (Nycticebus javanicus) 
This species is considered globally Critically Endangered (Nekaris et al. 2013), owing to habitat loss 
and severe levels of collection for the pet trade. It may well persist in the Dieng Mountains, since it is a 
relatively large remaining forest block within its range. On a precautionary basis, since the AoA 
represents more than 1% of this species’ global distribution, comparison with IFC GN6 (2019) 
thresholds for Criterion 1 suggests that Javan Slow Loris may qualify the Dieng Mountains AoA as 
Critical Habitat.  
 
Javan Surili (Presbytis comata) 



	

This globally Endangered species is known from the Dieng Mountains, and >2.5% of its distribution is 
mapped within the Project AoA (Nijman & Richardson 2008). With only 30 isolated populations 
remaining, it is likely that >0.5% of the species’ population occurs in the Dieng Mountains AoA. 
Comparison with IFC GN6 (2019) thresholds for Criterion 1 suggests that Javan Surili may qualify 
the Dieng Mountains AoA as Critical Habitat. 
 
Silvery Gibbon (Hylobates moloch) 
This globally Endangered species occurs in west and central Java, as far east as the Dieng Mountains 
(Andayani et al. 2008). The global population is estimated to be less than 2,500 mature individuals, 
based on extensive surveys by Nijman (2004). At the time, Nijman (2004) estimated 12-14% of the 
species’ population to be found in the Dieng Mountains. Since the AoA holds considerably more than 
0.5% of this species’ global population, comparison with IFC GN6 (2019) thresholds for Criterion 1 
shows that Javan Gibbon qualifies the Dieng Mountains AoA as Critical Habitat.  
 
Javan Leopard (Panthera pardus melas) 
While Leopard is considered globally Vulnerable, this subspecies is considered globally Critically 
Endangered (Ario et al. 2008). IFC (2019) recommends that ‘Where subspecies and sub-populations 
have been separately assessed for inclusion in the IUCN Red List, they may be considered under 
Criteria 1, as appropriate’. This subspecies is generally restricted to forested habitats, though it may 
enter open country to hunt at night. It was reported as present in the vicinity of the Project in the 
AMDAL, on the basis of local reports. Further, Jacobson et al. (2016) identified the ‘Pekalongan and 
Batang forests’, broadly covering this area, to hold a population of Javan Leopard. 
The global population of this subspecies is estimated at 363-525 individuals, with <250 mature 
individuals (Ario et al. 2008). Jacobson et al. (2016) identify 20,400 ha of suitable habitat for this 
subspecies, with the Dieng Mountains AoA representing c. 1.5% of this habitat. If the subspecies was 
evenly distributed, the AoA could only be expected to hold less than four mature leopards. IFC GN6 
(2019) thresholds for Critical Habitat require not only >0.5% of the global population (which this would 
satisfy), but also >5 pairs (i.e., ten individuals) to be present.  
It is thus possible, but unlikely, that the AoA holds sufficient numbers of this subspecies to meet IFC 
GN6 (2019) thresholds, and thus Javan Leopard is unlikely to qualify the Dieng Mountains AoA as 
Critical Habitat. However, given this subspecies’ low population densities, only a very large area is 
likely meet such thresholds (>60 km2). While recognizing the low likelihood of any impacts (Section 
4.2.2), given the status and public profile of this subspecies, the Project should mitigate impacts 
upon Javan Leopard as if it qualifies the area as Critical Habitat. 
 
Sunda Pangolin (Manis javanica) 
This species is considered globally Critically Endangered (Challender et al. 2014). It occurs from 
Lombok and Borneo north-west to central Myanmar, but has been very heavily hunted for meat and 
scales – particularly for export to China. Population densities are consequently very variable across its 
range. It was listed in the Project AMDAL on the basis of local information, and was reported by 
farmers during biodiversity surveys and EMP monitoring (PT Geo Dipa 2018a,b). Nonetheless, it is 
very unlikely that the Project AoA – which represents a very small proportion of the species’ global 
range – could hold more than 0.5% of its global population. Comparison with IFC GN6 (2019) 
thresholds for Criterion 1 suggests that this species does not qualify the Project area as Critical 
Habitat. 
 
Javan Hawk-eagle (Nisaetus bartelsi) 
This species is considered globally Endangered (BirdLife International 2017). The Pegunungan Dieng 
Important Bird Area, just overlapped by the Project’s northernmost extent, was designated in part 
owing to the presence of this species. There are limited data available to assess the population of this 
species in the Project area, but the Dieng Mountains do appear to be a key area for Javan Hawk-
eagle (van Balen et al. 1999). van Balen et al. (1999) only documented 24 fragments of forest that 
held this species, although Prawiradilaga (2006) has since shown that the species is more 
widespread. The current global population estimate is of 600-900 birds (BirdLife International 2017). 
Given this species’ very limited distribution and population, it is quite likely that the AoA holds >0.5% of 
the global population of this species and more than five reproductive units. Comparison with IFC GN6 



	

(2019) thresholds for Criterion 1 suggests that Javan Hawk-eagle qualifies the Dieng Mountains 
AoA as Critical Habitat. 
 
Javan Blue-banded Kingfisher (Alcedo euryzona) 
This globally Critically Endangered species has >0.6% of its global distribution mapped from the Dieng 
Mountains AoA (BirdLife International 2018a), and is found in good numbers in some places in the 
AoA (S. van Balen, in litt., 2019). It is, however, largely restricted to rivers in lowland forest, whereas 
the AoA is largely montane. As such, it is unlikely that the AoA holds >0.5% of the global population of 
this species, and it does not qualify the area as Critical Habitat. 
 
Javan Green Magpie (Cissa thalassina) 
This species is globally Critically Endangered (BirdLife International 2018b), as a result of habitat loss 
and heavy trapping pressure for the pet bird trade. It also has a globally restricted range and so is also 
assessed in Section A.2.2. It was known from the Dieng Mountains in the 1990s, and so may possibly 
still persist – although the only recent survey in one part of the mountains did not find any magpies (S. 
van Balen, in litt., 2019). If any population remains there, it would be likely to exceed 0.5% of the small 
global population. As such, on a precautionary basis, comparison with IFC GN6 (2019) thresholds for 
Criterion 1 suggests that Javan Green Magpie may qualify the Dieng Mountains AoA as Critical 
Habitat. 
 
Javan Myna (Acridotheres javanicus) 
This globally Vulnerable species is listed in the Project AMDAL and biodiversity surveys (PT Geo Dipa 
2018a), but only has 0.58% of its global distribution mapped from the Dieng Mountains AoA (BirdLife 
International 2016c). It is thus unlikely that the AoA holds a sufficiently large proportion of the global 
population of this species that its loss would result in upgrading of its status to Endangered. As such, 
this species does not qualify the Project area as Critical Habitat. 
 

A.2.2 Endemic or restricted-range species 
 
Following the IFC PS6 Guidance Note (IFC 2019), species were considered restricted-range 
if their global extent of occurrence was 50,000 km2 or less (for terrestrial vertebrates) or, for 
riverine species, if their global range had less than 500 km linear geographic span. Species 
were included in an initial screening if they were found during surveys, or there is indication of 
their presence from literature. An initial list of 29 such species, including many species also 
considered threatened (Section A.2.1), was reduced to just one after a quick screen against 
quantitative thresholds for Critical Habitat (IFC 2019).  

Gyraulus terraesacrae 
This freshwater snail is only known from the place where it was originally collected, decades ago: 
Toksewiwi Swamp, on the Dieng Plateau at an altitude of 2,000 m (Rintelen 2011). In the absence of 
any further records, this qualifies as a restricted-range species. 
This species’ only known location is near the Project area. Surveys have not been conducted to 
assess whether or not the species occurs in the Project area itself. Surface water bodies in the Project 
area are limited to small streams and lakes and are extensively used for agricultural irrigation. It is 
possible that this snail still exists in such highly modified habitat. Since the entire known range of the 
species is within the broader Project AoA, Gyraulus terraesacrae qualifies the Dieng Mountains 
AoA as Critical Habitat under Criterion 2.  

A.2.3 Migratory or congregatory species 
 
Oriental Honey-buzzard (Pernis ptilorhynchus) 
The Dieng Mountains have been identified as an Important Bird Area, primarily owing to globally-
significant concentrations of migratory birds of prey (BirdLife International 2019b). Nijman (2001, 
2004) studied these concentrations during autumn migration on the northern side of the Dieng 
Mountains, estimating that c. 2,500 Oriental Honey-buzzard pass through the area annually. The 



	

global population of this species is estimated at 100,000-1,000,000 individuals (Ferguson-Lees & 
Christie 2001; BirdLife International 2016d). The estimated number passing through the Dieng 
Mountains can thus be assumed to represent 0.25-2.5% of the global population. It has been 
hypothesized that the southern side of the Dieng Mountains (in the vicinity of the Project) is more 
important on spring migration, when few migrating birds of prey are seen on the northern side (V. 
Nijman, Oxford Brookes University, pers. comm. 2019). Other data suggest that spring migration may 
take place instead along the north coast of Java (Baskoro 2017). A very brief spring survey was 
commissioned in the Project area, resulting in very few records of Oriental Honey-buzzard (Appendix 
C). However, apart from this, there are no data to confirm whether – or to what extent – the Project 
area hosts high concentrations of migratory raptors.  
Following global good practice, there is a need to assess whether the Project area represents genuine 
“critical habitat” for this species during migration, by representing a particular bottleneck along the 
migration flyway, being used as a resting area during migration, or being an area of low flight that 
would lead to regular interaction with project infrastructure (Sercx et al. 2018). Nijman (2001, 2004) 
documented regular low flight of migrating birds of prey, owing to very wet and cloudy conditions in 
this area, and strong evidence that large numbers roosted in the area. 
On a precautionary basis in the absence of substantive data, it is assumed that important 
concentrations (>1% of global population) of this species do pass through the area and regularly fly 
low and/or roost in the area, and thus that Oriental Honey-buzzard qualifies the Dieng Mountains 
AoA as Critical Habitat under Criterion 3.  
 
Chinese Sparrowhawk (Accipiter soloensis) 
The Dieng Mountains have been identified as an Important Bird Area, primarily owing to globally-
significant concentrations of migratory birds of prey (BirdLife International 2019b). Nijman (2001, 
2004) studied these concentrations during autumn migration on the northern side of the Dieng 
Mountains, estimating that c. 23,000 Chinese Sparrowhawk pass through the area annually. The 
global population of this species is estimated at 100,000-499,999 mature individuals (BirdLife 
International 2016b). Using the same adjustment factor applied by Sercx et al. (2018), the number of 
mature individuals passing through the Dieng Mountains is estimated to be 15,410, i.e. 3-15% of the 
global population. It has been hypothesized that the southern side of the Dieng Mountains (in the 
vicinity of the Project) is more important on spring migration, when few migrating birds of prey are 
seen on the northern side (V. Nijman, Oxford Brookes University, pers. comm. 2019). Other data 
suggest that spring migration may take place instead along the north coast of Java (Baskoro 2017). A 
very brief spring survey was commissioned in the Project area, resulting in very few records of 
Chinese Sparrowhawk (Appendix C). However, apart from this, there are no data to confirm whether – 
or to what extent – the Project area hosts high concentrations of migratory raptors. 
Following global good practice, there is a need to assess whether the Project area represents genuine 
“critical habitat” for this species during migration, by representing a particular bottleneck along the 
migration flyway, being used as a resting area during migration, or being an area of low flight that 
would lead to regular interaction with project infrastructure (Sercx et al. 2018). Nijman (2001, 2004) 
documented regular low flight of migrating birds of prey, owing to very wet and cloudy conditions in 
this area, and strong evidence that large numbers roosted in the area. 
On a precautionary basis in the absence of substantive data, it is assumed that important 
concentrations of this species do pass through the area and regularly fly low and/or roost in the area, 
and thus that Chinese Sparrowhawk qualifies the Dieng Mountains AoA as Critical Habitat under 
Criterion 3.  
 
Japanese Sparrowhawk (Accipiter gularis) 
The Dieng Mountains have been identified as an Important Bird Area, primarily owing to globally-
significant concentrations of migratory birds of prey (BirdLife International 2019b). Nijman (2001, 
2004) studied these concentrations during autumn migration on the northern side of the Dieng 
Mountains, estimating that c. 3,500 Japanese Sparrowhawk pass through the area annually. The 
global population of this species is ‘estimated to number in the tens of thousands’ (BirdLife 
International 2016a). The estimated number passing through the Dieng Mountains can thus be 
assumed to represent at least 3.5% of the global population. It has been hypothesized that the 
southern side of the Dieng Mountains (in the vicinity of the Project) is more important on spring 
migration, when few migrating birds of prey are seen on the northern side (V. Nijman, Oxford Brookes 



	

University, pers. comm. 2019). Other data suggest that spring migration may take place instead along 
the north coast of Java (Baskoro 2017). A very brief spring survey was commissioned in the Project 
area, resulting in no records of Japanese Sparrowhawk (Appendix C). However, apart from this, there 
are no data to confirm whether – or to what extent – the Project area hosts high concentrations of 
migratory raptors. 
Following global good practice, there is a need to assess whether the Project area represents genuine 
“critical habitat” for this species during migration, by representing a particular bottleneck along the 
migration flyway, being used as a resting area during migration, or being an area of low flight that 
would lead to regular interaction with project infrastructure (Sercx et al. 2018). Nijman (2001, 2004) 
documented regular low flight of migrating birds of prey, owing to very wet and cloudy conditions in 
this area, and strong evidence that large numbers roosted in the area. 
On a precautionary basis in the absence of substantive data from the Project area, it is assumed that 
important concentrations of this species do pass through the area and regularly fly low and/or roost in 
the area, and thus that Japanese Sparrowhawk qualifies the Dieng Mountains AoA as Critical 
Habitat under Criterion 3.  

A.2.4 Unique assemblages of species that are associated with key evolutionary 
processes  
 
The mountains of western Java are known to be associated with evolutionary processes that 
have resulted in moderate levels of endemism (Wikramanayake et al. 2002; BirdLife 
International 2019a), but these are not sufficiently high to be considered at all unique in the 
context of tropical insular mountains. 
Unique assemblages of species associated with key evolutionary processes thus do not qualify 
the Project area as Critical Habitat. 
 
A.2.5 Areas having biodiversity of significant social, economic, or cultural importance 
to local communities (including ecosystem services) 
 
The AMDAL presents very little information on ecosystem services. It is beyond the scope of 
this assessment to collect additional information on ecosystem services, and then to assess 
which may qualify the project area as Critical Habitat.  
A.2.6 Legally protected areas and international recognized areas 
 
There are two protected sites in the vicinity of the Project: Telogo Sumurup Nature Reserve 
and the Telogo Warno Pengilon Nature Recreation Park (Figure 4). Telogo Sumurup is closely 
bounded on three sides by the existing Dieng geothermal plant, and is a small (20 ha) IUCN 
Category III protected area, focused upon a lake. Although classified as a nature reserve, this 
appears to have been gazetted more for its scenic value than for biodiversity, and is thus not 
considered to qualify the AoA as Critical Habitat under PS6 (IFC 2019). Telogo Warno 
Pengilon, an IUCN Category V protected area also focused on some scenic lakes, lies just to 
the east of the Project.  
The internationally recognized Pegunungan Dieng Important Bird Area (also de facto a Key 
Biodiversity Area) is overlapped by the northern part of the Project (Figure 4), including well 
pads 10 and 30. This IBA was identified on the basis of its importance for Javan Hawk-Eagle 
(Section A.2.1) and migratory birds of prey (Section A.2.3). 
Following IFC (2019), the Pegunungan Dieng Important Bird Area qualifies the Dieng 
Mountains AoA as Critical Habitat, since it is an ‘internationally recognized area of high 
biodiversity value’ supporting Critical Habitat-qualifying species. Nonetheless, the boundaries 
of this IBA appear to be imprecisely defined in relation to any physical or biological features, 
so not too much should be inferred from the direct overlap of the Project. 



	

 
Figure 4. Map of Project area, showing locations of Area of Analysis, Pegunungan Dieng 
Important Bird Area, and other legally protected and internationally recognized areas 
Imagery Sources: Esri, DigitalGlobe, GeoEye, i-cubed, USDA FSA, USGS, AEX, Getmapping, 
Aerogrid, IGN, IGP, swisstopo, and the GIS User Community 
 
A.2.7 Summary 
 
The Area of Analysis qualifies as Critical Habitat, owing to the presence of several Critical 
Habitat-qualifying species at globally significant levels and the presence of nationally-protected 
and internationally-recognized areas. 

A.3 Assessment of Natural Habitat 

The Project is situated in an area of Modified Habitat, mainly comprising agricultural areas. It 
is also adjacent to an area of forest (the Dieng Mountains), to the north (Figure 5). Forests on 
Java, even at high altitude, are quite fragmented. Remaining forest may be heavily impacted, 
particularly by hunting and bird trapping, but often retains a relatively natural structure. As 
such, forest areas in the Project AoA can be considered Natural Habitat, and non-forest 
or plantation areas Modified Habitat. The extent of forest areas was based on national 
datasets (MoEF 2017). 
Surface freshwater in the area is limited, largely restricted to a few streams and lakes which 
are heavily used for agricultural irrigation. There is no information available to assess whether 
these could still represent Natural Habitat but, judging by the amount of current water use, 
fishing and pollution, it seems likely that most freshwater in the area represents heavily 
altered Natural Habitat or perhaps Modified Habitat. 



	

Without extensive surveys across this area, it is not possible to identify all sites which may hold 
globally-significant populations of Critical Habitat-qualifying species, so it is not possible to 
map terrestrial Critical Habitat at a fine scale. On a precautionary basis, in the absence of 
much distribution data for biodiversity, all Natural Habitat may also qualify as Critical Habitat 
(Figure 5). 

 
Figure 5. Map of Project area, showing land use classes (MoEF 2017) likely to represent Natural 
Habitat (in shades of green) and Modified Habitat (in shades of grey). On a precautionary basis, 
in the absence of much distribution data for biodiversity, all Natural Habitat may also qualify as 
Critical Habitat 



	

Appendix B. Targeted stakeholder consultations 

 
Dr Sebastianus “Bas” van Balen, Basilornis Consults 
International expert on the birds of Indonesia. 

• Gave opinions on the likely relative status of bird and mammal species in the Dieng 
Mountains, and key existing threats to these species. 

 
Dr Vincent Nijman, Oxford Brookes University 
UK-based biodiversity researcher, with a focus on the impacts of human disturbance on 
vertebrates, particularly primates and birds in Asia. 

• Gave clarifications on his previous migratory bird of prey surveys in the northern Dieng 
Mountains, and the behavior of these migratory birds in relation to potential risks of 
colliding with power lines. Explained that many birds roost on forest edge, or isolated 
trees in modified habitat, as these areas warm faster in mornings. Further explained 
that birds often hunt at low altitudes in/near agricultural areas in mornings, thus posing 
collision risks. 

• Gave expert opinion on the potential for bird of prey migration in the vicinity of the 
Project, noting that spring migration routes may pass to the south of the Dieng 
Mountains. 



	

Appendix C. Dieng migratory bird of prey survey report 
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I. BACKGROUND 

Pegunungan Dieng area has stated as one of Important Bird Area (IBA) in Java. The existence 
of several Javan endemic birds species is one reason to be designated as IBA (Rombang & 
Rudyanto 1999). Besides that, this region also was identified as one of bird of prey migration 
route in Central Java (Nijman 2001a, Nijman 2001b, Nijman 2004).  
Although the migration route of migratory raptor in Indonesia are generally known, but on a 
smaller landscape scale not all locations are fully known. There are variations in natural 
environmental conditions in each location, such as topography, elevation, slope, wind, rain 
intensity. These conditions will have an effect on route selection behavior by migratory raptor, 
in addition to intrinsic factors such as previous bird experiences (Baskoro 2017). Human 
activities influence, in the context of physical building engineering, on the ecology of the raptor 
migration has not been widely studied in Indonesia. 
One of Indonesia Geothermal Power Generation Project situated at Dieng Plateu, Central 
Java. The existing power plant (Dieng 1) will be followed with Dieng 2 subproject, that will be 
developed to expand geothermal electric generating capacity. This raises concern that the new 
transmision lines to be constructed under the Dieng 2 subproject may increase risks of collision 
mortality for these birds of prey. There is a need to conduct ornithological survey to make better 
understanding bird collision risk, as an input to an initial environmental examination (IEE) for 
the Dieng 2 subproject. 
 

II. METHODS 

1. Study Area and Vantage Point 

Study area generally situated in the Southwest part of Dieng plateau area. Administratively, it 
covers the area of Sikunang and Bakal villages. The development plan of the Transmission 
Line Unit 2, stretching from the location of the PLTP Unit 2 plan to the existing PLTP Unit 1 
and Substation Dieng. The topography condition is a valley and ravine extends from East to 
West. The North side faces Mount Sikidang and the South side with Mount Bisma (Figure 2-
4). The Transmission Line plan is curved shape for approximately 3 km (Figure 1). 
Considering the Transmission Line Unit 2 plan which has curved shape, the ideal location of 
vantage point is determined to be close to the center of the outer side of the curve, in order to 
obtain a fairly wide field of view. Pre survey which carried out on 19 March 2019, was obtained 
the most suitable single fixed vantage point location, taking into account the scientific and 
safety aspects. The location is on the west of PLTP Unit 1 (7 ° 13'35.15 "S - 109 ° 53'40.50" 
E), approximately 200 m from the planned Transmission Line Unit 2. The position is at the top 
of the hill ridge, which is quite high compared to the surrounding area. The field of view can 
reach almost as long as the line plan, with the farthest distance of less than 2 km (Figure 1).  



	

 
Figure 1. Overview Dieng area, bird survey location and vantage point in the PLTP Dieng 2 plan 
area. 

 
Figure 2. Overview bird survey location area, facing to West and North-West. Note: (A) mark is 
planned PLTP 2 site. Transmission Line plan stretch from NW, curved, passing in front of 
vantage point. 

 



	

 
Figure 3. Overview bird survey location area, facing to Mount Sikidang, North of vantage point 
 

 
Figure 4. Overview bird survey location area, facing to East. Note: (B) mark is PLTP 1 site, 
behind block of trees. (C) mark is Dieng Substation site, not cover full field of view because 
topographically constraint. 

 

  



	

2. Birds Survey 

At vantage point location, the survey were conducted for 8 consecutive days from 20 March to 
27 March 2019. Data collection was carried out throughout the day from dawn to dusk. In each 
day, observations were divided into several parts, namely for 3 consecutive hours, 
interspersed with breaks of approximately 30 minutes (Table 1). 

Table 1. Summary and detailed schedule for birds survey. 

Date Time Activity 

19-03-2019 02.00-16.00 Pre-survey 

20-03-2019 07.00-16.00 Birds survey 

21-03-2019 06.00-17.00 Birds survey 

22-03-2019 06.00-17.00 Birds survey 

23-03-2019 06.00-17.00 Birds survey 

24-03-2019 06.00-17.00 Birds survey 

25-03-2019 06.00-17.00 Birds survey 

26-03-2019 06.00-17.00 Birds survey 

27-03-2019 06.00-17.00 Birds survey 

   
Date Time Activity 

20-03-2019  
to 

27-03-2019 

05.30-06.00 Go to location 

06.00-09.00 Birds survey, session 1 

09.00-09.30 Break 

09.30-12.30 Birds survey, session 2 

12.30-13.00 Break 

13.00-16.00 Birds survey, session 3 

16.00-17.00 Birds survey, additional 

17.00-17.30 Back from location 
 
Species data are focused on three migratory birds of prey, especially Oriental Honey-buzzard 
(Pernis ptilorhynchus), Chinese Sparrowhawk (Accipiter soloensis) and Japanese 
Sparrowhawk (Accipiter gularis). Focus on these species is based on the consideration that 
they are the most numerous and most common in the migration pathway in Indonesia 
(Ferguson-Lees & Christie 2005, MacKinnon et al. 1998, Robson 2005, and del Hoyo & Collar 
2014). 
From vantage point, scanning of areas covering at least 500 m was carried out in all directions 
from planned transmission line. When birds are detected, they are followed from one point until 
they fly or disappear from view. Recorded data included species, individual count, time 
detected and duration of flight. Flying directions are plotted on the map with the help of a 
compass. The estimated flight height at the time of detection was recorded at 15-second 
intervals, for individuals flying below 100 m. The flight height divided into three bands: (i) <50 
m, has a high risk for collisions; (ii) 50-100 m, the risk of collisons is low; and (iii)> 100 m. Birds 
that fly very high are also recorded, to estimate the volume of migration in the study area. 



	

During the survey, local environmental conditions and times were recorded, including visibility 
distance, cloud cover percentage, and other general weather conditions. 



	

III. RESULT 

During a total of 8 consecutive survey days, 87 hours were spent to record raptor from vantage 
point. Raptor were observed on 5 days. Migrant species were observed consisting of Oriental 
Honey-buzzard (Pernis ptilorhynchus) and Chinese Sparrowhawk (Accipiter soloensis), while 
the Black Eagle (Ictinateus malaiensis) only the resident species. As many as 3 individuals 
Oriental Honey-buzzard observed on 22-24 March, while 3 individuals Chinese Sparrowhawk 
at 20, 22 and 25 March (Table 2). 
Overall, the time of passing birds ranges from 08.00-13.00. The absence of passing after 13.00 
due to local weather conditions, which are usually foggy or rainy until late afternoon (Annex, 
Table 4). In general, bird flight route direction from West to East, with variations turn towards 
to the South. There were no birds crossing through the area of the Transmission Line plan, 
from South to North. Details of each bird flight routes presented in Figures 6 to 10. 
Most flight heights are more than 100 m, especially Oriental Honey-buzzards. Only two 
Chinese Sparrowhawk fly lower than 100 m, which is one individual in the range of 50-100 m 
band, and 1 individual in the range of 0-50 m band. 

 
Figure 5. One of birds of prey example, taken during bird survey. Immature Oriental Honey-
buzzards showing moulting wings, sex undeterminate for this age stage. 



	

	 	
	

Table 2. Vantage Point Survey Results Summary Table 

Reff. 
No. Species Date 

Time 
first 
seen 

No. of 
birds Flight behavior 

Time (in seconds) 
Seen at 
>100 m 

Flight Direction 
(in degree) at 0-50 m 

Total at 
risk 

height 

at 50-100 
m 

1.1 CS 20/3/19 08.33 1 gliding fast at 2.200 m asl 0 0 0 yes SE-NW 
(120º - 320 º) 

1.2 BE 20/3/19 09.10 1 soaring high slowly  
west side planned PLTP 2 

0 0 0 yes N-S 
(20º - 220 º) 

3.1 OHB 22/3/19 08.36 1 gliding then soaring on slope 
behind VP 

0 0 0 yes SE-W 
(120º - 280 º) 
then to S 
(200º) 

3.2 CS 22/3/19 10.26 1 gliding fast down to slope behind 
VP 

0 0 15 no SE-W 
(120º - 280 º) 

4.1 OHB 23/3/19 09.07 1 immature, gliding then soaring 
slow on slope behind VP 

0 0 0 yes SE-W 
(120º - 280 º) 
then to S 
(200º) 

5.1 OHB 24/3/19 09.12 1 gliding on slope behind VP, 
then soaring slow four minutes, 
then glide fast to South 

0 0 0 yes SE-W 
(120º - 280 º) 
then to S 
(200º) 

6.1 BE 25/3/19 11.59 1 displaying territory with 
undulating flight behavior, west 
side planned PLTP 2 

0 0 0 yes S-N 
(180º - 320 º) 

6.2 CS 25/3/19 12.35 1 flying behind VP 15 15 0 no W-E 
(280º - 120 º) 

Notes: 
OHB = Oriental Honey-buzzard; CS = Chinese Sparrowhawk; JS = Japanese Sparrowhawk; BE = Black Eagle (resident) 



	

 
Figure 6. Flight routes map of bird of prey on 20 March 2019. 



	

 
Figure 7. Flight routes map of bird of prey on 22 March 2019. 

 



	

 
Figure 8. Flight routes map of bird of prey on 23 March 2019. 

 



	

 
Figure 9. Flight routes map of bird of prey on 24 March 2019. 

 



	

 
Figure 10. Flight routes map of bird of prey on 25 March 2019. 

 



	

IV. DISCUSSION 

Data from the subsequent observations are summarized in the form of individual count birds of 
prey for each band, total individuals in 1 week observation and population estimates during the 
migration season. Extrapolated numbers using the assumption of six weeks for Oriental Honey-
buzzard and four weeks for Chinese Sparrowhawk. The results are shown in Table 3. 

Table 3. Migratory birds of prey summary, count within height band, total numbers and 
extrapolates numbers. 

 

No Species 

Birds count 
within each height band Total numbers in a 

week 

Extrapolated 
numbers during 

migration 0-50 m 50-100 m >100 m 

1 OHB   3 3 18 

2 CS 1 1 1 3 12 

Notes: 
OHB = Oriental Honey-buzzard; CS = Chinese Sparrowhawk 
 

From the population approach, the number of individuals observed in the study area is very low. 
Even using extrapolation values, the amount is very small. Oriental Honey-buzzards that passed 
this area during the migration season were estimated to be only 18 individuals, while Chinese 
Sparrowhawks were only 12 individuals. 

The observations results in this study area are very insignificant, when compared to the 
populations data of migratory raptor recorded at other locations or routes. Based on Germi (2005) 
and Germi & Waluyo (2006) research in Bali, more than 90,000 individual migratory raptor were 
recorded. Because there is no comprehensive data on populations from Java, data from Bali can 
be used as population estimates for Java. During autumn migration, the Bali raptor must have 
previously crossed the Java route, and conversely the Bali raptor will cross the Java during spring 
migration (Baskoro 2017). 

For the Java Island level, raptors migration passing many routes and are not in single, although 
not all locations have detailed data. In the Baskoro (2017) study in the Semarang landscape, the 
highest population of migratory raptors reached 11,000 in one season. Nijman (2001b) who 
conducted data collection on migratory raptors in the northern region of Dieng Mountains, only 
recorded about 3,600 individuals in one season of autum migration. Furthermore, Nijman (2001b) 
study also stated that there were many migration routes for the Dieng Mountains region. The 
population is more concentrated on the North slope, at an altitude of less than 800 m asl. There 
is fewer in number of raptor migrants that passing in the upper part of the mountains with altitudes 
more than 1,300 m asl.  

Referring to Baskoro (2017) study that the peak of the spring migration period for the Central Java 
region took place in mid to late March, indicated by the highest individual counts compared to 
other times (beginning of March and early April). The locations of migration routes with high 
individual counts at the peak of the migration season can be interpreted as the main route. While 
the location of individual counts is low, it can be concluded as a minor route. In other words, the 
main route of raptor migration for the Dieng area is in the North, while the South is a minor or 
insignificant route. 



	

Although the South Dieng region is only a minor route of prey bird migration, the associated 
anthropogenic impact remains a concern. Based on collision risk criteria, bands 0-50 have a high 
risk, while bands 50-100 have a low risk. Individuals recorded in the range of these heights were 
very few, consisting of only 2 individuals of Chinese Sparrowhawk. If combined with individuals 
which fly higher, assuming they can also fly low due to bad weather conditions, only a number of 
6 individuals. 

While there are individuals which cross at high risk band and enter the Transmission Line buffer 
area, but to state the level of risk in the development area, further studies are still needed. This is 
related to a short study period, and only covers spring migration. From studies in other locations 
found stochasticity in the population dynamics, flight behavior and shifting routes on the micro 
scale (Baskoro 2017). 



	

V. CONCLUSION 

• The number of individuals observed in the study area is very low, even using extrapolation 
values 

• Southern part of Dieng Mountains area are minor route for migratory raptors. 

• There are individual which are exposed to high risk band of transmission line, although is 
very low numbers. 

• Further studies are still needed to state the level of risk in the development area. 

 

VI. RECOMENDATION 

Data and research results from several locations that have been known as migration routes, show 
variations in results. There are several locations with different population numbers between the 
autumn migration and spring migration, but there are locations that have no different results. 
Regarding with further study is needed, the recommendations that can be given to the study of 
raptor migrants in the Dieng region , is to do a repeat or further study, especially in the peak 
season  of autumn migration (circa mid to late October). 
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Annex, Table 4. Vantage Point Survey Watch Summary Table 

Date Observer Time Length of 
watch (hrs) Weather Start Finish 

 
20/03/19 

 
Baskoro 

 
06.00 

 
16.00 

 
10 

 
06.00 sunny, cloud cover 40%, visibility > 2 km 
10.30 sunny, cloud cover 80%, visibility > 2 km 
11.30 cloud cover 100%, visibility > 2 km 
12.00 mist, visibility 1 km 
13.00 rain, mist, no visibility 
15.00 mist towards end of the day, visibility < 50 m 
 

21/03/19 Baskoro 06.00 17.00 11 06.00 sunny, cloud cover 20%, visibility > 2 km 
09.30 sunny, cloud cover 50%, visibility > 2 km 
10.00 cloud cover 90%, mist > 2100 m asl, visibility > 2 km 
10.35 full mist, visibility 100 m 
13.30 rain, no visibility 
15.00 full mist towards end of the day, visibility < 10 m 
 

22/03/19 Baskoro 06.00 17.00 11 06.00 full mist, visibility 100 m 
07.00 mist, cloud cover 80%, visibility > 2 km 
08.00 sunny, cloud cover 70%, visibility > 2 km 
09.00 strong wind from W, cloud cover 90%, visibility > 2 km 
10.00 sunny, cloud cover 60-80%, visibility > 2 km 
12.00 cumulonimbus cloud cover 90%, visibility > 2 km 
13.00 full mist towards end of the day, visibility < 10 m 
heavy rain at night 
 

23/03/19 Baskoro 06.00 17.00 11 06.00 full mist, visibility 100 m 
09.00 sunny, cloud cover 60%, visibility > 2 km 
11.00 mist, cloud cover 100%, visibility 500 m 
12.00 mist, cloud cover 80%, visibility 1 km 
13.00 rain, full mist, visibility < 50 m 
14.00 full mist towards end of the day, visibility < 50 m 



	

 
24/03/19 

 
Baskoro 

 
06.00 

 
17.00 

 
11 

 
06.00 cloud cover 100%, visibility 2 km,moderate wind from W 
08.39 mist, cloud cover 100%, visibility 500 m 
09.00 cloud cover 100%, visibility > 2 km 
11.27 cumulonimbus cloud cover 100%, visibility > 2 km 
12.30 flat cloud cover 100%, visibility > 2 km 
13.30 cloud cover 100%, visibility 1 km 
14.00 full mist towards end of the day, cloud cover 100%, visibility < 50 m 
 

25/03/19 Baskoro 06.00 17.00 11 06.00 full mist, cloud cover 100%, visibility 100 m 
08.00 cloud cover 80%, visibilty 1 km 
09.43 sunny, cloud cover 50%, visibility 2 km 
13.00 full mist, rain, cloud cover 100%, visibility 200 m 
15.00 cloud cover 100%, visibility 500 m 
16.30 rain towards end of the day 
 

26/03/19 Baskoro 06.00 17.00 11 06.00 sunny, cloud cover 15%, visibility > 2 km 
09.30 sunny, cloud cover 40%, visibility > 2 km 
10.30 cloud cover 80%, visibility 2 km 
11.00 cumulonimbus cloud cover 100%, mist, visibility 500 m 
11.44 rain, cloud cover 100%, visibility 1 km 
15.00 full mist towards end of the day, cloud cover 100%, visibility < 50 m 
 

27/03/19 Baskoro 06.00 17.00 11 06.00 sunny, cloud cover 10%, visibility > 2 km 
09.00 cloud cover 40%, visibility > 2 km 
10.00 cloud cover 100%, mist, visibility 1 km 
11.00 cloud cover 100%, mist, visibility 500 m 
full mist towards end of the day, cloud cover 100% 

 



	

Annex, Table 5. Vantage Point Survey Daily Results (Date: 20/03/2019; Day of surveys: 1) 

Reff. 
No. Species Date 

Time 
first 
seen 

No. of 
birds Flight behavior 

Time (in seconds) 
Seen at 
>100 m 

Flight Direction 
(in degree) at 0-50 

m 

Total at 
risk 

height 

at 50-
100 m 

1.1 CS 20/3/19 08.33 1 gliding fast at 2.200 m asl 0 0 0 yes SE-NW 
(120º - 320 º) 

1.2 BE 20/3/19 09.10 1 soaring high slowly  
west side planned PLTP 2 

0 0 0 yes N-S 
(20º - 220 º) 

Notes: 
OHB = Oriental Honey-buzzard; CS = Chinese Sparrowhawk; JS = Japanese Sparrowhawk 
BE = Black Eagle (resident) 
 

Annex, Table 6. Vantage Point Survey Daily Results (Date: 21/03/2019; Day of surveys: 2) 

Reff. 
No. Species Date 

Time 
first 
seen 

No. of 
birds Flight behavior 

Time (in seconds) 
Seen at 
>100 m 

Flight Direction 
(in degree) at 0-50 

m 

Total at 
risk 

height 

at 50-
100 m 

- - 21/3/19 - - - - - - - - 

Notes: 
OHB = Oriental Honey-buzzard; CS = Chinese Sparrowhawk; JS = Japanese Sparrowhawk 
  



	

Annex, Table 7. Vantage Point Survey Daily Results (Date: 22/03/2019; Day of surveys: 3) 

Reff. 
No. Species Date 

Time 
first 
seen 

No. of 
birds Flight behavior 

Time (in seconds) 
Seen at 
>100 m 

Flight Direction 
(in degree) at 0-50 

m 

Total at 
risk 

height 

at 50-
100 m 

3.1 OHB 22/3/19 08.36 1 gliding then soaring on slope 
behind VP 

0 0 0 yes SE-W 
(120º - 280 º) 
then to S 
(200º) 

3.2 CS 22/3/19 10.26 1 gliding fast down to slope 
behind VP 

0 0 15 no SE-W 
(120º - 280 º) 

Notes: 
OHB = Oriental Honey-buzzard; CS = Chinese Sparrowhawk; JS = Japanese Sparrowhawk 
 

Annex, Table 8. Vantage Point Survey Daily Results (Date: 23/03/2019; Day of surveys: 4) 

Reff. 
No. Species Date 

Time 
first 
seen 

No. of 
birds Flight behavior 

Time (in seconds) 
Seen at 
>100 m 

Flight Direction 
(in degree) at 0-50 

m 

Total at 
risk 

height 

at 50-
100 m 

4.1 OHB 23/3/19 09.07 1 immature, gliding then soaring 
slow on slope behind VP 

0 0 0 yes SE-W 
(120º - 280 º) 
then to S 
(200º) 

Notes: 
OHB = Oriental Honey-buzzard; CS = Chinese Sparrowhawk; JS = Japanese Sparrowhawk 
  



	

Annex, Table 8. Vantage Point Survey Daily Results (Date: 24/03/2019; Day of surveys: 5) 
 

Reff. 
No. Species Date 

Time 
first 
seen 

No. of 
birds Flight behavior 

Time (in seconds) 
Seen at 
>100 m 

Flight Direction 
(in degree) at 0-50 

m 

Total at 
risk 

height 

at 50-
100 m 

5.1 OHB 24/3/19 09.12 1 gliding on slope behind VP, 
then soaring slow four 
minutes, then glide fast to 
South 

0 0 0 yes SE-W 
(120º - 280 º) 
then to S 
(200º) 

Notes: 
OHB = Oriental Honey-buzzard; CS = Chinese Sparrowhawk; JS = Japanese Sparrowhawk 
 

Annex, Table 9. Vantage Point Survey Daily Results (Date: 25/03/2019; Day of surveys: 6) 
 

Reff. 
No. Species Date 

Time 
first 
seen 

No. of 
birds Flight behavior 

Time (in seconds) 
Seen at 
>100 m 

Flight Direction 
(in degree) at 0-50 

m 

Total at 
risk 

height 

at 50-
100 m 

6.1 BE 25/3/19 11.59 1 displaying territory with 
undulating flight behavior, 
west side planned PLTP 2 

0 0 0 yes S-N 
(180º - 320 º) 

6.2 CS 25/3/19 12.35 1 flying behind VP 15 15 0 no W-E 
(280º - 120 º) 

Notes: 
OHB = Oriental Honey-buzzard; CS = Chinese Sparrowhawk; JS = Japanese Sparrowhawk 
BE = Black Eagle (resident) 



	

Annex, Table 10. Vantage Point Survey Daily Results (Date: 26/03/2019; Day of surveys: 7) 

Reff. 
No. Species Date 

Time 
first 
seen 

No. of 
birds Flight behavior 

Time (in seconds) 
Seen at 
>100 m 

Flight Direction 
(in degree) at 0-50 

m 

Total at 
risk 

height 

at 50-
100 m 

- - 26/3/19 - - - - - - - - 

Notes: 
OHB = Oriental Honey-buzzard; CS = Chinese Sparrowhawk; JS = Japanese Sparrowhawk 
 

Annex, Table 11. Vantage Point Survey Daily Results (Date: 27/03/2019; Day of surveys: 8) 

Reff. 
No. Species Date 

Time 
first 
seen 

No. of 
birds Flight behavior 

Time (in seconds) 
Seen at 
>100 m 

Flight Direction 
(in degree) at 0-50 

m 

Total at 
risk 

height 

at 50-
100 m 

- - 27/3/19 - - - - - - - - 

Notes: 
OHB = Oriental Honey-buzzard; CS = Chinese Sparrowhawk; JS = Japanese Sparrowhawk 
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1. Introduction 

This document is presenting the results of an independent review of the 

Environmental Management System (EMS) in Dieng and Patuha unit of PT. Geo Dipa Energi 

(GDE). The main purpose of this study was to confirm that sound EMS’ are in place at both 

facilities in compliance with international good practice. 

The study was conducted in the framework of a mandate to IJK Consultancy by the 

Asian Development Bank, which included four outputs, including: (i) risk assessment of 

existing and planned facilities; (ii) Emergency Preparedness and Response (EP&R) systems 

review; (iii) Environmental Management System (EMS) review; and (iv) Environmental 

Baseline Monitoring. Other studies besides this EMS review are covered in separate reports.  

ISO 140011 is the internationally recognized standard that was used for the EMS 

review. This standard aims to provide a company with a framework to protect the 

environment and respond to changing environmental conditions in balance with socio-

economic needs. The scopes of the study are the existing facilities which are also a good 

representation of the facilities proposed under the project.  

2. Conceptual Framework for State-of-The-Art EMS 

2.1 Environmental Management System in ISO 14001 

The ISO 14001:2015 describes the requirements that an EMS of an Organization must 

meet in order to help the Organization to manage the impact of their activities on the 

environment, bringing  advantages  that  are  considered  of  high  relevance  to  the  

promotion  of  continuous  improvement  in  environmental  performance  of  the  

Organization  and    the  prevention  of  pollution, taking into account the socio-economic 

surroundings.  

 
1 ISO 14001:2015, International Organization for Standardization – Requirements with Guidance for Use 
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While a reference for an EMS, the ISO 14001:2015 contains guidelines that enable 

their implementation and the requirements that can be objectively audited for 

certification. Today, the success of an organization goes through sustainability.  

Organizations may decide to have an external body confirm that their EMS meets the 

requirements of standards such as ISO 14001. This process is known as certification or 

registration. However, it is not mandatory and ISO 14001 does allow organizations to self-

declare that they have met all of the requirements of the standard. 

A systematic approach to environmental management can provide top management 

with information to build success over the long term and create options for contributing to 

sustainable development by : 

- Protecting the environment by preventing or mitigating adverse environmental 

impacts; 

- Mitigating the potential adverse effect of environmental conditions on the 

organization; 

- Assisting the organization in the fulfillment of compliance obligations; 

- Enhancing environmental performance; 

- Controlling or influencing the way the organization’s products and services are 

designed, manufactured, distributed, consumed and disposed of by using a life cycle 

perspective that can prevent environmental impacts from being unintentionally 

shifted elsewhere within the life cycle; 

- Achieving financial and operational benefits that can result from implementing 

environmentally sound alternatives that strengthen the organization’s market 

position; 

- Communicating environmental information to relevant interested parties. 

Adoption of this International Standard, however, will not in itself guarantee optimal 

environmental outcomes. The level of detail and complexity of the EMS will vary depending 

on the context of the organization, the scope of its environmental management system, its 
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compliance obligations, and the nature of its activities, products and services, including its 

environmental aspects and associated environmental impacts. The basis for the approach 

underlying an EMS is founded on the concept of Plan-Do-Check-Act (PDCA): 

- Plan: establish environmental objectives and processes necessary to deliver results 

in accordance with the organization’s environmental policy; 

- Do: implement the processes as planned; 

- Check: monitor and measure processes against the environmental policy, including 

its commitments, enviromental objectives and operating criteria, and report the 

results; and 

- Act: take actions to continually improve. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Relationship between PDCA and the ISO 14001:2015’s framework 

Figure 1 shows how the framework introduced in this International Standard could be 

integrated into a PDCA model, which can help to understand the importance of a systems 
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approach. Through this cycle, all EMS set a framework through which the organization can 

build on-going ‘continuous improvement' of environmental performance. Table 1 is 

presenting Elements in ISO 14001:2015 that are used for developing EMS. 

Table 1. Elements in ISO 14001:2015 used for develop EMS 

Chapter in ISO 14001:2015 Clausal in ISO 14001:2015 

4. Context of Organization 4.1 Understanding of Organization and its context 
4.2 Understanding the needs and expectations of interested 

parties 
4.3 Determining the Scope of EMS 
4.4 Environmental Management System 

5. Leadership 5.1 Leadership and commitment 
5.2 Environmental Policy 
5.3 Organizational Roles, Responsibilities & Authorities 

6. Planning 6.1 Actions to address Risks & opportunities 

6.1.2 Environmental Aspects 
6.1.3 Compliance Obligations 
6.1.4 Planning Action 
6.2 Environmental Objectives & Plans to Achieve Them 
6.2.1 Environmental Objectives 
6.2.2 Planning Actions to Achieve Environmental Objectives 

7. Support 7.1 Resources 

7.2 Competence 
7.3 Awareness 
7.4 Communication 
7.5 Documented Information 
7.5.2 Creating and Updating 
7.5.3 Control of Documented Information 

8. Operation 8.1 Operational Planning and Control 
8.2 Emergency Preparedness and Response 

9. Performance Evaluation 9.1 Monitoring, Measurement, Analysis & Evaluation 

9.1.2 Evaluation of Compliance 
9.2 Internal Audit 
9.3 Management Review 

10. Improvement 10.2 Non Conformity and Corrective Action 
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Chapter in ISO 14001:2015 Clausal in ISO 14001:2015 

10.3 Continual Improvement 
 

3. Methodology 

The object of this study included the EMS and practice, in the form of policies, 

procedures, company’s programs to support and control environmental aspects in GDE 

Dieng Unit 1 and Patuha Unit 1. 

Data was collected through ADB’s shared drive, interviews with GDE personnel, site 

visits and literature study. This study compared the Clauses in ISO 14001:2015 (as describe 

in Table 1) to the GDE’s EMS in Dieng and Patuha Units 1. Figure 2 presents the flow 

diagram of EMS analysis methodology. 

 

Figure 2. EMS Analysis Methodology 

The environmental management system analysis stages were: 

a) Review of the document related to EMS that were available from GDE headquarter 

and Dieng and Patuha facilities.  

b) Review of the EMS implementation in Dieng and Patuha facilities. 

c) Documentation of the EMS in the Dieng and Patuha Facility. 

d) Identify gaps and recommend amendments to ensure compliance with international 

good practice, as needed. 

EMS Document 
Review

EMS 
Implementation 

Review

1.Documentation of EMS 
System; 

2. Identify gaps and 
recommend amandments to 
ensure compliance with ISO 

14001:2015, as needed.
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4. Review of Documentation and Implementation  

GDE is using ISO 14001:2015 and SMK3 PP 50/2012 to facilitate the integration of 

quality, environmental and occupational health and safety management systems. To ensure 

the Health, Safety and Environment (HSE) management system can be adequately 

understood and effectively and efficiently operated; GDE develops documentation in 

accordance with ISO 14001. The document structure in GDE follows the document hierarchy 

as presented in Figure 3.  

 

 

 

 

 

 

 

 

Figure 3. Documentation Structure in GDE Unit Dieng and Patuha 

4.1 HSE Policy of GDE’s Corporate 

HQ GDE was established GDE’s Corporate Policy regarding Occupational Health and 

Safety and Environmental Protection (Doc. No: 006.SK/PST.00-GDE/IV/2018). The corporate 

HSE Policy is adapted by GDE – DNG and GDE – PTH to make their HSE policy. Alligned with 

the Policy at each facility, Manual is developed by HSE division as the foundation for the 

SOP (at level 2) of the hierarchy. To complete the SOP, Work Instruction (at level 3) is used 

as a detail work steps while Form (at level 4) is used as a tool for SOP implementation. 

EMS is defined at facility level only, with no policy in place at the corporate level. 

Manual and SOP development in GDE – DNG and GDE - PTH is using ISO 14001:2015 as the 

guideline to ensure that GDE is properly meet the requirement of EMS.  

Level 1

Manual, Guidelines, 
Standard, Policy

Level 2

Procedure/SOP, Job 
Description

Level 3

Work Instruction, Letter

Level 4

Form/Notes
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  The implementation of the HSE management system in GDE is primarily defined 

through Procedures/ Standard Operational Procedures (SOP). Supporting documents such 

as Work Instructions and Forms are also provided by GDE to complete the implementation. 

HQ GDE is also committed to the highest standards of occupational health and 

environmental safety as part of the company's operations. 

4.2 EMS Documentation in Dieng Facility 

The EMS documentation system in GDE-DNG is developed complying with ISO 

14001:2015. The full list of documents related specifically to the EMS in GDE-DNG is 

presented in Appendix A2.  

The HSE Policy in GDE-DNG is adapted from and aligned to GDE’s Corporate Policy 

regarding Occupational Health and Safety and Environmental Protection 

(Doc.No:006.SK/PST.00-GDE/IV/2018). The outline of the statement in the Corporate Policy 

is about GDE’s commitment to carry out operations comply with applicable rules and 

regulations. Management of GDE-DNG also has established Company Policy of HSE and also 

Policy of Natural Resource Utilization and Community Development2 (Doc.No:007K/GDE-

DIENG/I/2018/R0). 

The Integrated Manual of Environmental Management System and Occupational 

Health and Safety (Doc.No: GDE/DIENG/HSE/MN/001) describes the implementation 

requirement of ISO 14001:2015 and Government Regulation No: SMK3 PP 50 THN 2012 that 

applies to GDE (considering the GDE’s involvement in Geothermal Power Generation). 

GDE-DNG has 53 SOPs related to HSE, primarily focusing on operational issues. The 

SOPs define clear procedures for implementing the HSE Manual. The content and 

composition of these SOPs is complying with ISO 14001:2015 requirements (certified).   

 
2 The policy of Natural Resource Utilization and Community Development aims to ensure that in achieving the 
company’s targets, natural resources is considered as the main priorities. The policy includes energy efficiencies, 
minimalize air contamination, decrease hazardous waste, water efficiencies and minimalize water contamination, 
biodiversity protection, and community development. 
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In this study, documents related to EMS were compared with elements of ISO 

14001:2015 to ensure conformity. The tabulation of EMS elements of ISO 14001:2015 vs. 

EHS Manual and SOPs at GDE-DNG is presented in Table 2.  
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Table 2. Elements of ISO 14001:2015 vs. GDE-DNG EMS Elements (Manual and SOPs) 

Element of ISO 14001:2015 Manual of Integrated OHS and EMS  
at GDE-DNG (No: GDE/DIENG/HSE/MN/001) 

HSE SOP  
at GDE-DNG 

4.0 Context of Organization 
4.1 Understanding of Organization and its 

context 
BAB II. 4.0 Penetapan Konteks Organisasi (Establishing 

Organizational Context) 
(None in HSE SOP) 

4.2 Understanding the needs and 
expectations of interested parties 

BAB II. 4.0 Penetapan Konteks Organisasi (Establishing 
Organizational Context) 

(None in HSE SOP) 

4.3 Determining the Scope of EMS BAB I. 4.0 Struktur Organisasi   
(Organizational Structure) 

BAB I. 5.0 Proses Bisnis (Business Process) 

(None in HSE SOP) 

4.4 Environmental Management System BAB II. Sistem management Lingkungan dan Sistem 
Management K3.  
(EMS and OHS Management System) 

(None in HSE SOP) 

5.0 Leadership 
5.1 Leadership and commitment BAB II. 5.1 Kepemimpinan dan Komitmen 

(Commitment and Leadership) 
(None in HSE SOP) 

5.2 Environmental Policy BAB II. 5.2 Kebijakan K3L  
(HSE Policy) 

(None in HSE SOP) 

5.3 Organizational Roles, Responsibilities 
& Authorities 

BAB II. 5.3 Peran, Tanggung Jawab dan wewenang 
organisasi 

 (Roles, responsibilities and authority of the 
organization) 

(None in HSE SOP) 

6.0 Planning 

6.1 Actions to address Risks & Likelihood BAB II. 6.1 Tindakan untuk mengatasi Peluang dan 
Akibat  
(Actions to overcome Likelihood and 
Consequences) 

BAB II. 6.1.2 Penilaian dan Pengendalian Resiko 
(Assessment and Risk Management) 

SOP-002-R1 HSE Risk Assesment 
SOP-003-R1 Obligations and compliance 

with HSE regulations and other 
requirements      

6.1.2 Environmental Aspects  SOP-008-R1 Monitoring and Measuring  
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Element of ISO 14001:2015 Manual of Integrated OHS and EMS  
at GDE-DNG (No: GDE/DIENG/HSE/MN/001) 

HSE SOP  
at GDE-DNG 

6.1.3 Compliance Obligations BAB II. 6.1.3. Persyaratan Hukum dan Perundangan   
(Legal and Regulatory Requirements) 

SOP-003-R1 Obligations and compliance 
with HSE regulations and other 
requirements      

6.1.4 Planning Action   FM/SOP-002/005 Assessment of Risks and 
Important Environmental 
Aspects         

FM/SOP-002/001 Hazard and Risk 
Identification     

FM/SOP-002/006 Objective, Target and 
Program (OTP) Recapitulation 
and Monitoring 

6.2.1 Environmental Objectives BAB II. 6.2 Objective, Target dan Program K3L 
(Objective, Target and HSE Program) 

SOP-036-R1 Objective, Target & Program 

6.2.2 Planning Actions to Achieve 
Environmental Objectives 

BAB II. 6.2 Objective, Target dan Program K3L 
(Objective, Target and HSE Program) 

SOP-036-R1 Objective, Target & Program 

7.0 Support 
7.1 Resources BAB II. 7.1 Management Sumber Daya  

(Resource Management) 
Related to Human Resources Procedure 

7.2 Competence BAB II. 7.2 Kompetensi 
 (competence) 

SOP-006-R1 Communication, Consultation, 
Participation 

7.3 Awareness BAB II. 7.3 Kepedulian  
(Awareness) 

SOP-006-R1 Communication, Consultation, 
Participation 

SOP-053-R0 Observation of Risks and 
Dangers (ORBA) 

SOP-052-R0 Safety Induction  
7.4 Communication BAB II. 7.4 Komunikasi, Partisipasi dan Konsulltasi 

(Communication, Consultation, 
Participation) 

SOP-006-R1 Communication, Consultation, 
Participation   

7.5 Documented Information BAB II. 7.5 Pengendalian Informasi terdokumentasi 
 (Information Documented Management) 

SOP-001-R1 Documented Information 

8.0 Operation 



Environmental Management System Review Report 

15 | Safety of Occupational, Community, and Environment at GDE’s Dieng and Patuha Facilities Project 
   

Element of ISO 14001:2015 Manual of Integrated OHS and EMS  
at GDE-DNG (No: GDE/DIENG/HSE/MN/001) 

HSE SOP  
at GDE-DNG 

8.1 Operational Planning and Control BAB II. 8.1 Perencanaan dan Pengendalian Operasi 
(Planning and Operational Control) 

SOP-012-R1 Personal Protective Equipment 
SOP-013-R2 HSE Inspection 
SOP-023-R1 Driving 
SOP-024-R1 Vehicle Parking 
SOP-025-R1 Chemical Handling 
SOP-026-R1 Welding 
SOP-027-R1 Work with High Voltage 
SOP-028-R1 Work at height 
SOP-029-R1 Work with Hot Fluid 
SOP-030-R1 Vessel Entry Work 
SOP-031-R1 Lifting Work (Crane) 
SOP-032-R1 Work on Vessels 
SOP-033-R1 Site Visit 
SOP-034-R1 Safety Work Permit  
SOP-035-R1 Digging 
SOP-037-R1 B3 Waste Management 
SOP-038-R1 Waste management 
SOP-041-R1 Natural Resources 

Management 
SOP-043-R1 Production Facilities 

Certification 
SOP-044-R1 Calibration 
SOP-046-R1 Limitation of Entry Permit 
SOP-047-R1 Loct Out Tag Out 
SOP-049-R1 OHS Warning Sign 
SOP-051-R1 CSMS 

8.2 Emergency Preparedness and 
Response 

BAB II. Kesiapsiagaan dan Tanggap Darurat 
(Emergency Response and Preparedness) 

SOP-014-R1 Emergency Management 
SOP-015-R1 Earthquake Prevention 
SOP-016-R1 Blow Out 
SOP-017-R1 Toxic Gas Handling 
SOP-018-R1 Landslide Prevention 
SOP-019-R1 Flood Prevention 



Environmental Management System Review Report 

16 | Safety of Occupational, Community, and Environment at GDE’s Dieng and Patuha Facilities Project 
   

Element of ISO 14001:2015 Manual of Integrated OHS and EMS  
at GDE-DNG (No: GDE/DIENG/HSE/MN/001) 

HSE SOP  
at GDE-DNG 

SOP-020-R1 Fire 
SOP-021-R1 Wild Animal Disorders 
SOP-022-R1 Pipe Leak 
SOP-039-R1 Farmer Claim Handling 
SOP-048-R1 First Aid 
SOP-050-R1 Mass Demonstration Handling 

9.0 Performance Evaluation 
9.1 Monitoring, Measurement, Analysis & 

Evaluation 
BAB II. 9.1 Pemantauan, Pengukuran, Analisis dan 

Evaluasi  
(Monitoring, Measurement, Analysis and 

Evaluation) 

SOP-008-R1 Monitoring and Measuring 
SOP-013-R2 HSE Inspection 
SOP-042-R1 Job Safety Analysis 
SOP-045-R1 Health Monitoring 

9.1.2 Evaluation of Compliance BAB II. 9.1 Pemantauan, Pengukuran, Analisis dan 
Evaluasi (Monitoring, Measurement, 
Analysis and Evaluation) 

SOP-003-R1 Obligations and Compliance 
with HSE Regulations 

9.2 Internal Audit BAB II. 9.2 Audit Internal  
(Internal Audit) 

SOP-005-R1 HSE Internal Audit 

9.3 Management Review BAB II. 9.3 Tinjauan Management  
(Management Review) 

SOP-007-R1 Management Review 

10.0 Improvement 
10.2 Non Conformity and Corrective 

Action 
BAB II. 10.1 Pengendalian tidak sesuai (Non 

ConformityControl) 
BAB II. 10.2 Tidakan Perbaikan 

 (Corrective Action)  

SOP-004-R2 Non-compliance and Corrective 
Action 

10.3 Continual Improvement BAB II. 10.3 Peningkatan Berkesinambungan 
(Continual Improvement) 

SOP-001 Documented Information 
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4.3 EMS Documentation in Patuha Facility 

The documentation system in GDE Patuha Unit (GDE-PTH) is also developed 

complying with ISO 14001:2015. The list of documents related specifically to EMS in GDE-

PTH is presented in Appendix B2.  

The HSE Policy in Patuha Unit (Doc.No:21.1.EDR/PTH1.00-GDE/V/2019) is adapted 

from GDE’s Corporate Policy regarding Occupational Health and Safety and Environmental 

Protection (Doc. No: 006.SK/PST.00-GDE/IV/2018). The outline of the statement in the 

Corporate Policy is about GDE’s commitment to carry out operations safely, regularly, 

according to applicable rules. GDE-PTH is also committed to the highest standards of 

occupational health and environmental safety values as part of the company's operations. 

The HSE Manual (Doc.No:GDE.PTH/GM/MNT.001) in GDE-PTH defines the HSE 

management system at GDE Patuha Unit, and is linked to the following two standards: 

a. ISO 14001: 2015 Environmental Management System; 

b. Government Regulation Number 50 of 2012 concerning OHS Management 

System. 

GDE-PTH has 38 HSE SOP elaborated from the manual instruction. These SOPs define 

the roles, responsibilities, and actions to be taken to ensure that activities are performed 

safely.   

All the Patuha Unit GDE documents are restricted, thus the copies given to third 

parties must obtain written permission from the Patuha Unit GDE Management. Relevant 

documents are stored as electronic file and in hard copy. The tabulation EMS elements of 

ISO 14001:2015 vs. the GDE-PTH EHS Manual and SOPs is presented in Table 3. 
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Table 3. Tabulation of correlation between Elements of ISO 14001:2015, Manual and SOP documents at GDE-PTH 

Element of ISO 14001:2015 
Manual of HSE Management System  

at GDE-PTH (Doc.No: GDE.PTH/GM/MNT.001) 

HSE SOP  

at GDE-PTH 

4. Context of Organization 

4.1 Understanding of 
Organization and its context 

Bab IV. Organisasi dan konteksnya (Organizational 
Context) 

(None in HSE SOP) 

4.2 Understanding the needs and 
expectations of interested 
parties 

Bab IV. Organisasi dan konteksnya (Relationship of 
PT. Geo Dipa Energi (Persero) Patuha Unit 
with interested parties) 

(None in HSE SOP) 

4.3 Determining the Scope of 
EMS 

Bab IV. Organisasi dan konteksnya (Lingkup 
Penerapan SMK3LL)  
(OHS and EMS Application Scope) 

(None in HSE SOP) 

4.4 Environmental Management 
System 

Bab IV. SMK3LL dan Proses - Proses Terkait 
(OHS and EMSand Relevant Processes) 

(None in HSE SOP) 

5. Leadership 

5.1 Leadership and commitment 
Bab V. Kepemimpinan  

 (Commitment and Leadership) 
(None in HSE SOP) 

5.2 Environmental Policy 
Bab V. Kepemimpinan 

 (HSE Policy) 
(None in HSE SOP) 

5.3 Organizational Roles, 
Responsibilities & Authorities 

Bab V. Kepemimpinan  
(Roles, responsibilities, accountability and 
authority) 

(None in HSE SOP) 

6. Planning 

6.1 Actions to address Risks & 
Likelihood 

Bab VI. Perencanaan (1. Tindakan Menghadapi risiko 
dan peluang) 
 (Actions to Hancling risks and Likelihood) 

007. Procedure of Target Compilation and HSE Program  
008. Hazard Identification, Risk Assessment and 

Determined Control  
009. Identification Procedure and environmental impacts  
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Element of ISO 14001:2015 
Manual of HSE Management System  

at GDE-PTH (Doc.No: GDE.PTH/GM/MNT.001) 

HSE SOP  

at GDE-PTH 

6.1.2 Environmental Aspects 

Bab VI. Perencanaan (1.3 Identifikasi Aspek 
Lingkungan, Penilaian Dampak Lingkungan 
dan Penentuan Pengendaliannya) 

 (Identification of Environmental Aspects, 
Environmental Impact Assessment and 
Determination of Control) 

009. Identification Procedure and environmental impacts 
033. Water and Air Polution Management Procedure 

6.1.3 Compliance Obligations 

Bab VI. Perencanaan (1.4 Identifikasi Peraturan 
Peundangan dan Persyaratan K3LL Terkait) 
(Identification of Legislation and Related HSE 
Requirements) 

023. Identification and Evaluation Procedure Regulations 
and requirements 

6.1.4 Planning Action 

Bab VI. Perencanaan (1.2 Identifikasi Bahaya, 
Penilaian Risiko dan Penentuan 
Pengendaliannya;             1.3 Identifikasi 
Aspek Lingkungan, Penilaian Dampak 
Lingkungan dan Penentuan Pengendaliannya; 
2. Perencanaan Energi)  

 
(1.2 Hazard Identification, Risk Assessment 
and Determination of Control; 1.3 
Identification of Environmental Aspects, 
Environmental Impact Assessment and 
Determination of Control; 2. Energy Planning) 

008. Hazard Identification Procedure, Assessment and 
Risk Control 

6.2.1 Environmental Objectives 
BAB VI. Perencanaan (3. Sasaran K3LL dan 
Lingkungan) 

(HSE and Environmental Targets) 

007. Procedure of Target Compilation and HSE Program 

6.2.2 Planning Actions to Achieve 
Environmental Objectives 

BAB VI. Perencanaan (3. Sasaran K3LL dan 
Lingkungan) 

(HSE and Environmental Targets) 

007. Procedure of Target Compilation and HSE Program 

7.0 Support 

7.1 Resources 
BAB VII. Pendukung (1. Sumber daya) 

(Resources) 
 Related to Human Resources Procedure 

7.2 Competence BAB VII. Pendukung (2. Kompetensi) Related to Human Resources Procedure 
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Element of ISO 14001:2015 
Manual of HSE Management System  

at GDE-PTH (Doc.No: GDE.PTH/GM/MNT.001) 

HSE SOP  

at GDE-PTH 

(Competence) 

7.3 Awareness 
BAB VII. Pendukung (3. Kepedulian) 

(Awareness) 

022. HSE Safety Industion  
029. HSE Observation Cards 
037. Work Safety 

7.4 Communication 
BAB VII. Pendukung (4. Komunikasi) 

(Communication) 

014. Communication Procedure, Participation and 
Consultation 

022. HSE Safety Induction 

7.5 Documented Information 
BAB VII. Pendukung (5. Informasi Terdokumentasi) 

(Documented Information) 
002. Recording Control Procedure 

8.0 Operation 

8.1 Operational Planning and 
Control 

BAB VIII. Operasi (1. Perencanaan dan Pengendalian 
Operasional) 
(1. Planing and Operational Control) 

008. Hazard Identification Procedure (HIRADC) 
009. Aspect Identification Procedure and Environmental 

Impact 
011. Work Permit Procedure 
012. Lock out Tag Out Procedure 
015. Stop Working Procedure 
016. Hazardous Material Waste Management Procedure 
017. Chemical Management Procedure and Hazardous 

Material 
019. HSE Monitoring and Measurement Procedure 
020. Housekeeping Procedure 
021. Personal Protective Equipment Procedure 
024. Natural Resource Procedure 
026. Energy Management Procedure 
028. Contractor safety management system procedures 
031. Scaffolding Procedure 
032. Procedure for entering confined spaces 
034. Procedure for Drilling mud and drill cuttings 
036. Examination Procedures and certification of 

production facilities 
038. Non Hazardous Material Waste Management 
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Element of ISO 14001:2015 
Manual of HSE Management System  

at GDE-PTH (Doc.No: GDE.PTH/GM/MNT.001) 

HSE SOP  

at GDE-PTH 

8.2 Emergency Preparedness and 
Response 

BAB VIII. Operasi (2. Kesiapsiagaan dan tanggap 
darurat) 

(2. Emergency Response and Preparedness) 

013. Emeregency Response and Preparedness Procedure 
018. SOP for Accident, Incident and PAK Management 
025. First Aid Procedure 
035. Geologycal Hazard Management Procedure  

9.0 Performance Evaluation 

9.1 Monitoring, Measurement, 
Analysis & Evaluation 

BAB IX. Evaluasi Kinerja (1. Pemantauan, 
pengukuran, analisis dan evaluasi) 
(1. Monitoring, measurement, analysis and 
evaluation) 

010. Inspection Plan Procedure 

9.1.2 Evaluation of Compliance 
BAB IX. Evaluasi Kinerja (2. Evaluasi Penataan) 

(2. Evaluation of Arrangement) 
023. Identification and Evaluation Procedure Regulations 

and requirements 

9.2 Internal Audit 
BAB IX. Evaluasi Kinerja (3. Audit Internal) 

(3. Internal Audit) 
004. Internal Audit Procedure 

9.3 Management Review 
BAB IX. Evaluasi Kinerja (4. Tinjauan Management) 

(4. Management Review) 
 003. Management Review Procedure 

10.0 Improvement 

10.2 Non Conformity and 
Corrective Action 

BAB X. Peningkatan (1. Incident, Non conformity and 
Corrective Action) 

005. Corrective action and preventive procedures 
010. Planed Inspection Procedure 

10.3 Continual Improvement 
BAB X. Peningkatan (2. Peningkatan 

berkesinambungan) 
(2. Continuous improvement) 

 006. Management of Change Procedure  
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4.4 EMS Implementation in Dieng Facility 

GDE-DNG is committed to implement its approved EMS and working productivity 

improvement using applicable standards and regulations. As the guideline for EMS 

implementation, GDE-DNG using their HSE Policy (007K/GDE-DIENG/IV/2017-R1), Manual of 

Integrated HSE Management System (Doc.No: GDE/DIENG/HSE/MN/001) and 53 EHS 

related SOPs. The HSE Division coordinates all EMS related activities (management, 

planning, monitoring). To be certified, the EMS’ implementation must confirm to all the ISO 

14001 requirements. Appendix A3 Presents the implementation of the EMS system in Dieng 

Unit, confirming that it complies with elements of ISO 14001:2015 

 

4.5 EMS Implementation in Patuha Facility 

GDE Patuha Unit (GDE-PTH) is committed to implement its approved EMS and 

working productivity improvement using applicable standards and regulations.  EMS 

implementation in GDE-PTH follows their HSE Policy (Doc.No:21.1.EDR/PTH1.00-

GDE/V/2019), Manual of HSE Management System and 38 EHS related SOPs. The HSE 

Division coordinates all EMS related activities (management, planning, monitoring). To be 

certified, the EMS’ implementation must confirm to all the ISO 14001 requirements. 

Appendix B3 Presents the implementation of the EMS system in Dieng Unit, confirming that 

it complies with elements of ISO 14001:2015. 

 

5. Summary and Conclusion 

The GDE facilities in Dieng and Patuha have established environmental management 

systems (EMS) that are certified for ISO 14001:2015. The EMS systems are compatible with 

the ISO 14001:2015 (Environmental) management systems standard, and integrate quality 

assurance, environmental protection and occupational health and safety management 

systems. In Dieng, the EMS is very well managed, involving OHS of workers, contractors and 
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nearby communities. The EMS also considers environmental protection, primarily through 

SOP.  

5.1 Recommendations to further improve the EMS in GDE-DNG 

While the EMS of GDE-DNG is generally of high quality and compliant with ISO 14001, the 

following recommendations are made by the independent reviewer, for consideration by 

GDE-DNG: 

• The following sections of the GDE-DNG HSE Manual (Doc.No: GDE/DIENG/HSE/MN/001) 

could be strengthened Risk assessment and control (chapter 6.1.2), by adding 

Identification of Environmental Aspects, Environmental Impact Assessment and 

Determination of Control to prevent and reduce unwanted impacts, including external 

environmental conditions that have the potential to affect the company. An 

environmental risk assessment could be made in the form of an Environmental Impact 

and Aspect Identification Procedure. 

• An Energy Management SOP (Energy conservation) could be developed, considering the 

environmental aspect. 

• Need to compile SOP on Management of Change, to comply with one of element in ISO 

14001:2015; Continual Improvement. 

• SOP for Handling of Toxic Goods needs to be more detailed. The relevant SOP of GDE-

PTH could be used as reference (mentioning the threshold of H2S, the evacuation, i.e. 

avoid wind direction, evacuation to a higher place, the isolation procedure). 

• Some SOPs are inconsistent and might need revision: 

o SOP No 031/Lifting Work: the purpose chapter refers to procedure procedure of 

digging works. 

o SOP No. 18/Landslide: the scope mentions that it is for pipe rupture procedure. 

o SOP No.12/PPE: mentions that the SOP is used for GDE Patuha Unit. 
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5.2 Recommendations to further improve the EMS in GDE-PTH. 

• GDE-PTH could establish a policy dedicated to natural resources conservation as ecology 

protection (similar to policy in Dieng, Doc.No: 007K/GDE-DIENG/I/2018/R0. 

• Need to compile an SOP for Monitoring Health. 

• Need to compile an SOP for Pipe Rupture Evacuation. 
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1. Introduction 

This document is presenting the results of an independent review of the Emergency 

Preparedness and Response (EP&R) System in Dieng and Patuha unit of PT. Geo Dipa Energi 

(GDE). The main purpose of this study is to confirm that sound EP&R’s are in place at both 

facilities in compliance with international good practice. 

The study was conducted in the framework of a mandate to IJK Consultancy by Asian 

Development Bank, which included (i) risk assessment of existing and planned facilities; (ii) 

Emergency Preparedness and Response (EP&R) systems review; (iii) Environmental 

Management System (EMS) review; (iv) Baseline Monitoring Sampling. Other study besides 

EP&R is covered under separate report. 

OHSAS 180011 is the internationally recognized standard that was used for EP&R 

study. The scopes of the study are the existing facilities which are also a good 

representation of the facilities proposed under the project. Key aspects of the study include 

institutional arrangements, capacities, training, procedures and community 

outreach/information dissemination related to emergency preparedness and response. 

2. Conceptual Framework for State-of-The-Art EP&R 

2.1 Emergency Preparedness and response in OHSAS 18001 

According to OHSAS 18001, clause 4.4.7 about emergency preparedness and 

response, the organization (company) shall establish, implement and maintain a 

procedure(s): 

a) To identify the potential for emergency situations; 

b) To respond to such emergency situation. 

OHSAS 18001 is compatible with the ISO 9001:2008 (Quality) and ISO 14001:2015 

(Environmental) management systems standards, in order to facilitate the integration of 

quality, environmental and occupational health and safety management systems by 

organizations, should they wish to do so. 

 
1 OHSAS 18001:2007, Occupational health and safety management system – Requirements 
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Emergency Preparedness and Response (EP&R) is part of the Occupational Health 

and Safety (OHS) system. The EP&R system development is involving similar elements of the 

OHS system based on OHSAS 18001. Table 1 is presenting elements in OHSAS 18001 that 

are used for developing the EP&R system. 

Table 1 : Elements in OHSAS 18001 used for develop EP&R system 

No Chapter in OHSAS 18001 Clausal in OHSAS 18001 

1 
4.3 Planning 

4.3.1 Hazard Identification, Risk Assessment 
and determining control 

2 4.3.2 Legal and other requirements 
3 4.3.3 Objective and Program(s) 

4 

4.4 Implementation and 
Operation 

4.4.1 Resources, roles, responsibility, 
accountability and authority. 

5 4.4.2 Competence, training and awareness 

6 4.4.3 Communication, participation and 
consultation 

7 4.4.4 Documentation 
8 4.4.5 Control of Documents 
9 4.4.6 Operational Control 

10 4.4.7 Emergency preparedness and response 

11 

4.5 Checking 

4.5.1 Performance measurement and 
monitoring 

12 4.5.2 Evaluation of compliance 

13 4.5.3 Incident investigation, nonconformity, 
corrective action and prevention action 

14 4.6 Management Review   

2.2 Emergency Preparedness and response in OHSAS 18002  

Described in OHSAS 180022 in detail, EP&R development has six significant 

elements. These elements are used to develop an Emergency Preparedness and Response 

Plan. 

a) Identification of potential emergency 

The company has to find, collect, and analyze potential hazards and emergency 

situation that can occur in the work area. This activity must be documented and 

comply with standard procedure owned by company. 
 

2 OHSAS 18002: Occupational health and safety management systems – Guidelines for the implementation of 
OHSAS 18001:2007 
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b) Establishing and implementing emergency response procedures 

The identified potential emergency situation must be determined according to the 

relevant conditions in the field. To responding the emergency situations a procedure 

should be developed and should also take into account applicable legal and other 

requirements. 

c) Emergency response equipment 

Emergency response equipment should be available in sufficient quantity and stored 

in locations where it is readily accessible; it should be stored securely and be 

protected from being damaged. This equipment should be inspected and/or tested 

at regular intervals to ensure that it will be operational in an emergency situation. 

d) Emergency response training 

Personnel should be trained in how to initiate the emergency response and 

evacuation procedures. The company should determine the training needed for 

personnel who are assigned emergency response duties and ensure that this training 

is received. 

e) Periodic testing of emergency procedures 

Periodic testing of emergency procedures should be performed to ensure that the 

company and external emergency services can appropriately respond to emergency 

situations and prevent or mitigate associated OH&S consequences. 

Emergency drills can be used to evaluate emergency procedures, equipment and 

training, as well as increase overall awareness of emergency response protocols. 

f) Reviewing and revising emergency procedures 

The company requires reviewing its emergency preparedness and response 

procedure(s) periodically. 

When changes are made in emergency preparedness and response procedure(s), 

these changes should be communicated to the personnel and functions that are 

impacted by the change; their associated training needs should also be evaluated. 
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Figure 1: Framework of Emergency Preparedness and Response in OHSAS 18001/18002 

 

3. Methodology 

The object of this study includes the EP&R system and practice, in the form of 

policies, procedures, company’s programs and emergency equipment to support 

emergency response programs, especially as an effort to control emergency conditions in 

GDE Dieng unit 1 and Patuha unit 1. 

Data was collected through ADB’s share drive, interviews, site visits and literature 

study. This study compared six significant elements in OHSAS 18002 to the GDE’s EP&R 

system in Dieng and Patuha Unit (as describe above). The following chapter is elaborating 
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the six significant elements requirement. Figure 2 presents the flow diagram of EP&R 

analysis methodology. 

 

Figure 2: EP&R Analysis Methodology 

 

The emergency preparedness analysis stages were: 

a) Review of the document related to EP&R and Risk Management that are available 

from headquarter and facilities.  

b) Review of the EP&R systems implementation in Dieng and Patuha facilities. 

c) Documentation of the EP&R system and files in the Dieng and Patuha Facility. 

d) Identify gaps and recommend amendments to ensure compliance with international 

good practice, as needed. 

4. Review of Documentation and Implementation 

GDE is using ISO 14001:2015 and SMK3 PP 50/2012 to facilitate the integration of 

quality, environmental and occupational health and safety management systems. OHSAS 

18001 is used for EP&R plan guideline and it is compatible with the ISO 14001:2015 for 

management systems standards.  

To ensure the Health, Safety and Environment (HSE) management system can be 

adequately understood and effectively and efficiently operated; GDE develops 

documentation in accordance with ISO 14001. The document structure in GDE follows the 

document hierarchy as presented in Figure 3.  

EP&R Document 
Review

EP&R 
Implementation 

Review

1.Documentation of EP&R 
System; 

2. Identify gaps and 
recommend amandments to 

ensure compliance with 
OHSAS 18001, as needed.
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Figure 3:  Documentation Structure in GDE Unit Dieng and Patuha 

The implementation of the HSE management system in GDE is following the 

Procedure/ Standard Operational Procedure (SOP).  Supporting document such as Work 

Instruction and Form is also provided by GDE to completing the implementation. 

4.1 EP&R Documentation in Dieng Unit 

HSE Division of Dieng Unit has developed EP&R system based on ISO 14001:2015, 

SMK3 PP No.50/2012 and OHSAS 18001. The documentation system in Dieng Unit has 

reflecting their compliance with the standards. Documents of emergency are easy to read 

and concise. Documents related specifically to EP&R in Dieng unit that are available are 

listed in Table 2. 

 

Table 2 : Main documents related specifically to EP&R in Dieng Unit 

No	 Document	No.	 Document	Title	
Type	of	
Doc	

1.	 GDE/DIENG/HSE/MN/001 Integrated Manual of EMS & OHS Manual 
2.	 GDE/DIENG/HSE/SOP/014-R1 Emergency Preparedness and Response SOP 
3.	 153.MM/GDE1.00-DIENG/V/2018 Amendments of ERT at PT. GDE Dieng Letter 
4.	 007K/GDE-DIENG/IV/2017-R1 Company Policy of EMS and OHS Policy 
5.	 GDE/DIENG/HSE/SOP/015/R1  Prevention of earthquake SOP 

6.	 GDE/DIENG/HSE/SOP/016/R1 Prevention of blowout SOP 

7.	 GDE/DIENG/HSE/SOP/017/R1  Handling of toxic gas SOP 

8.	 GDE/DIENG/HSE/SOP/018/R1 Prevention of landslide SOP 

Level 1
Manual, Guidelines, 

Standard, Policy

Level 2
Procedure/SOP, Job 

Description

Level 3
Work Instruction, Letter

Level 4
Form/Notes
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9.	 GDE/DIENG/HSE/SOP/019/R1  Prevention of flood SOP 

10.	 GDE/DIENG/HSE/SOP/020/R1 Prevention of fire  SOP 

11.	 GDE/DIENG/HSE/SOP/021/R1 Prevention of wild animal disturbance SOP 

12.	 GDE/DIENG/HSE/SOP/022/R1 Prevention of pipe leak SOP 

13.	 GDE/DIENG/HSE/SOP/050/R0  Handling of riot SOP 

14.	 GDE/DIENG/HSE/FM/SOP/014/001/R0 Emergency response identification Form 

15.	 GDE/DIENG/HSE/FM/SOP/014/002/R0 List of emergency response equipment Form 

16.	 GDE/DIENG/HSE/FM/SOP/014/003/R0 Simulation Schedule Form 

17.		 GDE/DIENG/HSE/FM/SOP/014/004/R0 Evaluation of Emergency Preparedness 
and Response 

Form 

18.	 GDE/DIENG/HSE/FM/SOP/014/005/R0 List of emergency phone number Form 

19.	 GDE/DIENG/HSE/SOP/052/R0 Safety Induction SOP 

20.	 GDE/DIENG/HSE/SOP/012/R1  Personnel Protective Equipment SOP 

21.	 GDE/DIENG/HSE/SOP/048/R1 First Aid SOP 

22.	 GDE/DIENG/HSE/SOP/049/R1  OHS Sign SOP 

23.	  Evacuation Route Poster 

24.	 No: 153.MM/GDE1.00-DIENG/V/2018 ERT Structure Letter 

 

In this study, documents related to EP&R were compared with elements in OHSAS 

18001 to ensure conformity. The tabulation of correlations between EP&R elements of 

OHSAS 18001 and EP&R documents at GDE Dieng Unit is presented in Table 3.  
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Table 3 : Tabulation of correlation between EP&R elements on OHSAS 18001 and EP&R documents at GDE Dieng Unit 

No Element on OHSAS 
18002 (Clause) Activities Document No. Document Original Title Translated Document 

Title 

1 

4.4.7.2 Identification 
of Potential 
emergency situation 

Identify and analyze 
risks onsite & offsite 

GDE/DIENG/HSE/MN/001 

Manual Integrasi Sistem 
Manajemen Lingkungan, 
Keselamatan dan Kesehatan 
Kerja  

Manual: Integrated 
Environmental, Health and 
Safety Management System 
(See Appendix A1) 

2 GDE/DIENG/HSE-SOP/014-R1  SOP: Kesiagaan dan Tanggap 
Darurat  

SOP: Emergency 
Preparedness and Response 
(See Appendix A2) 

3 GDE/DIENG/HSE/FM/SOP-
014/001-R0 

Form: Identifikasi Keadaan 
Tanggap Darurat  

Form: Emergency Response 
Identification (See Appendix 
A3) 

4 GDE/DIENG/HSE/SOP/053-R0 SOP: Observasi Resiko dan 
Bahaya 

SOP: Hazard and Risk 
Observation 

5 

4.4.7.3 Establishing & 
Implementing 
emergency response 
procedure 

Develop company 
emergency 
management plan 

GDE/DIENG/HSE/MN/001 

Manual Integrasi Sistem 
Manajemen Lingkungan, 
Keselamatan dan Kesehatan 
Kerja 

Manual: Integrated 
Environmental, Health and 
Safety Management System 

6 GDE/DIENG/HSE-SOP/014-R1  SOP: Kesiagaan dan Tanggap 
Darurat 

SOP: Emergency 
Preparedness and Response 

7 
Act in a way to 
minimize the risk of 
emergencies occurring 

GDE/DIENG/HSE/SOP/052/R0 SOP: Induksi Keselamatan SOP: Safety Induction 

8 GDE/DIENG/HSE-SOP/015/R1  SOP: Penanggulangan Gempa 
Bumi 

SOP: Prevention of 
earthquake 
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9 GDE/DIENG/HSE-SOP/016/R1 SOP: Blowout SOP: Prevention of blowout 

10 GDE/DIENG/HSE-SOP/017/R1  SOP: Penanganan Gas Beracun SOP: Handling of toxic gas 

11 GDE/DIENG/HSE-SOP/018/R1 SOP: Penanggulangan Tanah 
Longsor SOP: Prevention of landslide 

12 GDE/DIENG/HSE-SOP/019/R1  SOP: Penanggulangan Banjir SOP: Prevention of flood 

13 GDE/DIENG/HSE-SOP/020/R1 SOP: Kebakaran SOP: Prevention of fire  

14 GDE/DIENG/HSE-SOP/021/R1 SOP: Gangguan Binatang Buas SOP: Prevention of wild 
animal disturbance 

15 GDE/DIENG/HSE-SOP/022/R1 SOP: Pipa Pecah SOP: Prevention of pipe leak 

16 GDE/DIENG/HSE-SOP/050/R0  SOP: Penanganan Huru Hara SOP: Handling of mass 
demonstration 

17  GDE-DIENG-HSE-SOP-040-R1  
SOP: Penanganan Ceceran 
Limbah dan Tumpahan Limbah 
B3 

SOP: Handling of Chemical & 
Hazardous Material Spill 

18 Communicate plan to 
all staff GDE/DIENG/HSE-SOP/014-R1  SOP: Kesiagaan dan Tanggap 

Darurat 
SOP: Emergency 
Preparedness and Response 
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19 Establish emergency 
response team (ERT) 

Letter No: 153.MM/GDE1.00-
DIENG/V/2018 

Struktur Emergency Response 
Team  

ERT Structure (See Appendix 
A4) 

20 
Report emergency and 
contact company's 
manager 

GDE/DIENG/HSE/FM/SOP-
014/005-R0 Daftar Nomor Tanggap Darurat Form: List of emergency 

phone numbers 

21 Complete relevant 
forms and/or reports GDE/DIENG/HSE-SOP/014-R1  SOP: Kesiagaan dan Tanggap 

Darurat 
SOP: Emergency 
Preparedness and Response 

22 
Initiate recovery and 
return to normal 
operations 

GDE/DIENG/HSE-SOP/014-R1  SOP: Kesiagaan dan Tanggap 
Darurat 

SOP: Emergency 
Preparedness and Response 

23 
Implement company 
emergency 
management plan 

GDE/DIENG/HSE-SOP/014-R1  SOP: Kesiagaan dan Tanggap 
Darurat 

SOP: Emergency 
Preparedness and Response 

24 

4.4.7.4 Emergency 
response equipment 

Ensure immediate 
safety of employees 

GDE/DIENG/HSE/MN/001 

Manual Integrasi Sistem 
Manajemen Lingkungan, 
Keselamatan dan Kesehatan 
Kerja 

Manual: Integrated 
Environmental, Health and 
Safety Management System 

25 GDE/DIENG/HSE-SOP/014-R1  SOP: Kesiagaan dan Tanggap 
Darurat 

SOP: Emergency 
Preparedness and Response 

26 GDE/DIENG/HSE/FM/SOP-
014/002-R0 

Daftar peralatan tanggap 
darurat 

Form: List of emergency 
response equipment 

27 GDE-DIENG-HSE-SOP-012-R1 SOP: APD SOP: Personnel Protective 
Equipment 

28 GDE/DIENG/HSE/SOP/048/R1 SOP: P3K SOP: First Aid 
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29 GDE/DIENG/HSE/SOP/049/R1  SOP: Rambu-Rambu K3 SOP: OHS Signs 

30   Rute Evakuasi Evacuation Route 

31 

4.4.7.5 Emergency 
response training Train ERT 

GDE/DIENG/HSE/MN/001 

Manual Integrasi Sistem 
Manajemen Lingkungan, 
Keselamatan dan Kesehatan 
Kerja 

Manual: Integrated 
Environmental, Health and 
Safety Management System 

32 GDE/DIENG/HSE-SOP/014-R1  SOP: Kesiagaan dan Tanggap 
Darurat 

SOP: Emergency 
Preparedness and Response 

33  

Laporan Pelaksanaan Latihan 
Tanggap Darurat oleh 
Emergency Response Tean PT. 
Geo Dipa Energy (Persero) Unit 
Dieng  

Report of Emergency 
Preparedness and Response 
Training Implementation by 
ERT GDE Unit Dieng (See 
Appendix A5) 

34 
4.4.7.6 Periodic 
testing of emergency 
procedure 

Provide ongoing 
information, debriefing 
and support 

GDE/DIENG/HSE/MN/001 

Manual Integrasi Sistem 
Manajemen Lingkungan, 
Keselamatan dan Kesehatan 
Kerja 

Manual: Integrated 
Environmental, Health and 
Safety Management System 

35 GDE/DIENG/HSE-SOP/014-R1  SOP: Kesiagaan dan Tanggap 
Darurat 

SOP: Emergency 
Preparedness and Response 

36   GDE/DIENG/HSE/FM/SOP-
014/003-R0 Emergency Drill H2S  Emergency Drill H2S(See 

Appendix A6) 

37   GDE/DIENG/HSE/FM/SOP-
014/003-R0 Emergency Drill Huru Hara Emergency Drill of Mass 

Demonstration 
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38   GDE/DIENG/HSE/FM/SOP-
014/003-R0 Form: Jadwal Simulasi Form: Simulation Schedule 

39 

4.4.7.7 Reviewing & 
revising emergency 
procedure 

Monitor employee 
welfare, ensure 
ongoing support 

GDE/DIENG/HSE-SOP/014-R1  SOP: Kesiagaan dan Tanggap 
Darurat 

SOP: Emergency 
Preparedness and Response 

40 GDE-DIENG-HSE-SOP-008-R1  SOP: Pemantauan dan 
Pengukuran 

SOP: Measurement and 
Monitoring 

41 GDE-DIENG-HSE-SOP-045-R1 SOP: Pemantauan Kesehatan SOP: Health Monitoring 

42  GDE/DIENG/HSE/FM/SOP-
008/001-R1 

Rencana Pemantauan dan 
Pengukuran HSE 2018  

HSE Monitoring and 
Measurement Plan 2018 
(See Appendix A7) 

43 

Review and update 
plan 

GDE/DIENG/HSE-SOP/014-R1  SOP: Kesiagaan dan Tanggap 
Darurat 

SOP: Emergency 
Preparedness and Response 

44 GDE-DIENG-HSE-SOP-013-R2 SOP: Inspeksi K3LL SOP: HSE Inspection 

45  GDE/DIENG/HSE/FM/SOP-
011/004 Statistik K3LL  HSE Statistic (See Appendix 

A8) 

46 
LETTER No: 
153.MM/GDE1.00-
DIENG/V/2018 

Struktur Emergency Response 
Team (ERT) ERT Structure 

47 GDE/DIENG/HSE/FM/SOP-
014/004-R0 

SOP:Evaluasi Kesiagaan Tanggap 
Darurat 

SOP: Evaluation of 
Emergency preparedness 
and response 
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4.1.1 Policy of HSE in Dieng Unit (Document No: 007K/GDE-DIENG/IV/2017-R1) 

HSE Policy in Dieng Unit is adapted from GDE’s Corporate Policy regarding 

Occupational Health and Safety and Environmental Protection (Doc. No: 006.SK/PST.00-

GDE/IV/2018). The outline of the statement in the corporate policy is about the GDE’s 

commitment to carry out operations safely, regularly, according to applicable rules. And 

GDE is also committed to the highest standards of occupational health and environmental 

safety values as part of the company's operations. 

The HSE policy in Dieng Unit is signed by General Manager of PT. Geo Dipa Energi, 

Bapak Puguh Wintoro on 28 April 2017. This policy is the principle of HSE system including 

emergency preparedness and response plan.  

4.1.2 Manual of HSE in Dieng Unit (GDE/DIENG/HSE/MN/001) 

In the Integrated Manual of EMS and OHS, EP&R is described in chapter 8, 

Operation. According to the manual: 

a) PT. Geo Dipa Energi (persero) – Dieng Unit must have competent Emergency 

Response Team (ERT); 

b) All standard emergency equipment must be available; 

c) HSE Division must identify emergency situations that might occur and determine the 

response of identified emergencies; 

d) Every determined emergency response must be tested periodically to confirm its 

effectiveness; 

e) All employees must understand what actions to take when an emergency occurs in 

their work area. 

4.1.3 SOP of EP&R in Dieng Unit (GDE/DIENG/HSE-SOP/014-R1) 

The EP&R SOP gives direction and description in respect with EP&R in GDE – Unit 

Dieng environment to meet the requirements of environmental management system (EMS) 

and applicable regulation. The references of EP&R SOP are ISO 14001 (Clause 8.2 

Emergency Preparedness and Control), OHSAS 18001:2007 (Clause 4.4.7 Emergency 
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Preparedness Response), and Manual of integrated EMS and OHS in GDE Dieng Unit. 

Approval of the procedure is by HSE Superintendent and HSE Manager and compiled by HS 

Supervisor. Security level of the document is restricted (rated R) and has a 5 years validity 

period. 

The EP&R SOP is concise and precise containing the following elements: 

a) General description 

b) Emergency preparedness 

c) Response to emergencies 

d) Emergency announcement 

e) Rescue of securities and other important documents 

f) Evacuation 

g) Recovery and Recording 

4.2 EP&R Implementation in Dieng Unit 

GDE Dieng Unit is committed to implement management of OHS, EMS and working 

productivity improvement using applicable standards and regulations. As the guideline for 

EP&R implementation, GDE Dieng Unit uses the Company’s corporate policy, integrated 

manual of EMS & HSE and EP&R SOP. Under HSE Division management, planning and 

activities related with EP&R is conducted. Table 4 is presents the implementation of EP&R 

system in Dieng Unit which complies with OHSAS 18002. 
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Table 4: Implementation of EP&R system in Dieng Unit complies with OHSAS 18002 

No. 
EP&R Elements 
in OHSAS 18002 

Implementation in Dieng Unit Compliance Status 

1. Identification of 

potential 

emergencies  

• GDE Dieng Unit already identify potential emergencies in normal and abnormal operation by: 

a) Risk Assessment using risk register form 

b) Emergency response identification form (See Appendix A3) 

c) Accident History Report & Corrective Action. (See Appendix A11) 

d) Accident report form GDE/DIENG/HSE/FM/SOP-011/001  

e) Risk/Hazard Observation GDE/DIENG/HSE/SOP-053 R0 

f) Job Safety Analysis (See Appendix A10) 

• Complying 

 

2. Establishing & 

implementing 

emergency 

response 

procedure 

• GDE Dieng Unit has developed SOP of emergency prevention for: 

• Earthquake • Wild animal disturbance 
• Hazardous Material 

Spill 

• Blowout • Pipe leaking • Landslide 

• Toxic gas release • Mass Demonstration 
• Emergency 

Transmission Shutdown 

• GDE Dieng Unit has formed an ERT and announced it in a poster complete with emergency 

number that attached in a wall. (see Figure 4) 

• Responsibilities of every personnel involved in the ERT is defined in the Letter 

No:153.MM/GDE1.00-DIENG/V/2018 about Emergency Response Team. (See Appendix A4) 

• The evacuation procedure is already informed in safety induction (GDE-DIENG-HSE-SOP-052-R0) 

given to the entire staff working at or visited GDE’s facilities (worker, co-worker, visitor). 

• Complying 
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• Evacuation route is announced in a poster that is displayed in the wall that easy to read.  (see 

Figure 5) 

• Assembly points have been determined and are visible to anyone with the big sign. (see Figure 6 

and 7) 

• Internal communication carried out by dissemination of emergency information to every 

personnel in the company through induction, training, routine/non-routine meeting, 

announcement board, phone, email and other proper communication media. 

• Communication/ counseling is also carried out to nearby communities combine with 

simulation/emergency drill of landslide (See Appendix A12) 

• Medical room located in the front of the office area, attended by the medical staff. (GDE-DIENG-

HSE-SOP-048-R1) 

• GDE Dieng Unit has a methodology or procedure for monitoring compliance with environmental 

monitoring regulations in accordance with the RKL-RPL through HSE monitoring and 

measurement plans by referring to the type of monitoring procedure in accordance with the 

RKL-RPL matrix. In addition, there are procedures for evaluating laws and regulations to 

measure compliance with obligations in RKL-RPL. (see Appendix A7) 

3. Emergency 

response 

equipment 

ü Fire extinguisher and hydrant are located in the visible place. 

(GDE/DIENG/HSE/FM/SOP/013/001&002) 

ü Fire alarm, Smoke detector and sprinkler are installed. (P&ID 20262-05-32162) 

ü SCBA and body harness are standing by and ready to use. (GDE/DIENG/HSE/FM/SOP/013/004) 

ü H2S detector is provided for workers in the power plant and well area.  

ü This emergency equipment is checked regularly. (GDE/DIENG/HSE/FM/SOP/013/006) 

ü Complying 
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ü GDE Dieng Unit provides Personnel Protective Equipment (PPE) to every personnel in the facility 

with proper size. (GDE-DIENG-HSE-SOP-012-R1) 

ü First aid equipment is available in the medical clinic. (GDE-DIENG-HSE-SOP-048-R1). 

4. Emergency 

response 

training 

ü Based on the  GDE’s Report of EP&R Training Implementation (See Appendix A5), ERT has 

conducted and is conducting trainings on the following: 

 

 

• Fire extinguisher • Fire extinguisher using Fire Hydrant 

• Basic Knowledge of Fire • SCBA and full body harness 

• Installation of Hose Fire Hydrant • First Aid 

• Fire fighter   

ü Complying 

5. Periodic 

testing of 

emergency 

procedure 

ü Emergency drills have been carried out by HSE division as an implementation of EP&R 

procedures and recorded, they are: 

1) Emergency Drill Riot on 12 May 2017 

2) Emergency Drill for H2S hazards on 24 January 2018 (See Appendix A6) 

ü Emergency Drill schedule is already determined. (See Appendix A9) 

ü Emergency Drill for Landslide carried out to the community in Desa Pranten. (See Appendix 

A12) 

ü Complying 

6. Reviewing and 

revising 

emergency 

procedure 

ü The EP&R system has been regularly reviewed over the past 2 years through a revised EP&R 

procedure on 01 February 2018.  

ü Emergency drill evaluation has been reviewed. 

ü HSE Statistic form also has used for reviewing emergency procedure. (See Appendix A8) 

ü Complying 
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Figure 4: ERT structure announcement in GDE Dieng Unit 

. 

 

 

 

 

 

 

Figure 5: Evacuation Route in Dieng Unit office 
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Figure 6: Assembly Point at Head Office Dieng Unit 
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Figure 7: Assembly Point at Wellpad 30 Dieng Unit 
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4.3 EP&R Documentation in Patuha Unit 

The HSE Division of Patuha Unit has developed an EP&R system based on ISO 

14001:2015 and SMK3 PP No.50/2012. The documentation system in Patuha Unit is 

developed complying with ISO 14001. Relevant documents are stored as electronic file and 

in hard copy. Documents related specifically to EP&R in Patuha unit are listed in Table 5. 

Table 5: Main documents related specifically to EP&R in Patuha Unit 

No Document No. Document Title 
Type of 

Document 

1. GDE.PTH/GM/MNT.001 Manual: Management System of HSE Manual 

2. GDE.PTH/HSE/SOP.013 SOP: Kesiapsiagaan Tanggap Darurat SOP 

3. EDR/PTH1.00-GDE/V/2019 ERT Structure Note 

4. 007K/GDE-DIENG/IV/2017-R1 Company Policy of HSE Policy 

5. GDE.PTH/HSE/SOP.013/FRM.001 Check List of Fire Hose Box & its Content Form 

6. GDE.PTH/HSE/SOP.013/FRM.002 Check List of Fire Extinguisher Form 

7. GDE.PTH/HSE/SOP.013/FRM.003 
Check List of Running Test Fire Pump & 

Emergency Generator 

Form 

8. GDE.PTH/HSE/SOP.013/FRM.004 Check List of Safety Poster/Sign Board Form 

9. GDE.PTH/HSE/SOP.013/FRM.005 Check List of Fire Hydrant Form 

10. GDE.PTH/HSE/SOP.013/FRM.006 List of Emergencies Phone Number Form 

11. GDE.PTH/HSE/SOP.008 
Hazard Identification,  Risk Assessment and 

Control 

SOP 

12. GDE.PTH/HSE/SOP.009 
Aspect Identification and Environmental 

Impact 

SOP 

 

The tabulation of correlations between EP&R elements on OHSAS 18001 and EP&R 

documents at GDE Patuha Unit is presented in Table 6.  
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Table 6: Tabulation of correlations between EP&R elements of OHSAS 18001 and EP&R documents at GDE Patuha Unit 

No 
Element on 

OHSAS 18002 
(Clause) 

Activities Document No. Document Original Title Document Title 
Translated 

1 

4.4.7.2 
Identification of 
Potential 
emergency situation 

Identify and analyze risks 
onsite & offsite 

GDE.PTH/GM/MNT.001 Manual: Sistem Manajemen 
K3LL 

Manual: HSE Management 
System  (See Appendix 
B1) 

2 GDE.PTH/HSE/SOP.013 SOP: Kesiapsiagaan Tanggap 
Darurat  

SOP: Emergency 
Preparedness and 
Response (See Appendix 
B2) 

3 GDE.PTH/HSE/SOP.008 
SOP: Identifikasi Bahaya, 
Penilaian dan Pengendalian 
Risiko  

SOP: Hazard Identification,  
Risk Assessment and 
Control (See Appendix B3) 

4 GDE.PTH/HSE/SOP.009 SOP: Identifikasi Aspek dan 
Dampak Lingkungan 

SOP: Aspect Identification 
and Environmental Impact 

5 

4.4.7.3 Establishing 
& Implementing 
emergency 
response procedure 

Develop company 
emergency management 
plan 

GDE.PTH/GM/MNT.001 Manual: Sistem Manajemen 
K3LL 

Manual: HSE Management 
System 

6 GDE.PTH/HSE/SOP.013 SOP: Kesiapsiagaan Tanggap 
Darurat 

SOP: Emergency 
Preparedness and 
Response 

7 
8 

Act in a way to minimize 
the risk of emergencies 
occurring 

GDE.PTH/HSE/SOP.022 SOP: Induksi K3LL SOP: HSE Induction 

GDE.PTH/HSE/SOP.013 SOP: Kesiapsiagaan Tanggap 
Darurat 

SOP: Emergency 
Preparedness and 
Response 
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9 

 

GDE.PTH/HSE/SOP.013/IKA.001 IK: Penanganan Kebakaran WI: Prevention of Fire 

10 GDE.PTH/HSE/SOP.013/IKA.002 IK: Penanganan Gempa Bumi WI: Prevention of 
Earthquake 

11 GDE.PTH/HSE/SOP.013/IKA.003 IK: Penanganan Kebocoran 
Gas H2S 

WI: Prevention of H2S gas 
Leaking 

12 GDE.PTH/HSE/SOP.013/IKA.004 IK: Penanganan Kondisi 
Darurat di TPS Limbah B3 

WI: Prevention of 
Emergency in Hazardous 
Material Landfill 

13 GDE.PTH/HSE/SOP.013/IKA.005 IK: Penanganan Tanah 
Longsor WI: Prevention of Lanslide 

14 GDE.PTH/HSE/SOP.016/IKA.001 IK: Penanganan Ceceran dan 
Tumpahan Limbah B3 

WI: Prevention of 
Hazardous Material Spill 

15 Communicate plan to all 
staff GDE.PTH/HSE/SOP.013 SOP: Kesiapsiagaan Tanggap 

Darurat 

SOP: Emergency 
Preparedness and 
Response 

16 Establish emergency 
response team  EDR/PTH1.00-GDE/V/2019 Struktur Emergency 

Response Team 
ERT Structure (See 
Appendix B4) 

17 
Report emergency and 
contact company's 
manager 

GDE.PTH/HSE/SOP.013/FRM.006 Form: Daftar Nomor Telepon 
Penting 

Form: List of emergency 
phone number 

18 Complete relevant forms 
and/or reports GDE.PTH/HSE/SOP.018/FRM.001 Form: Laporan Insiden Form: Incident Report 
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19 GDE.PTH/HSE/SOP.018/FRM.002 Form: Laporan Investigasi 
Insiden 

Form: Incident 
Investigation Report 

20 GDE.PTH/HSE/SOP.013 SOP: Kesiapsiagaan Tanggap 
Darurat 

SOP: Emergency 
Preparedness and 
Response 

21 
Initiate recovery and 
return to normal 
operations 

GDE.PTH/HSE/SOP.013  SOP: Kesiapsiagaan Tanggap 
Darurat 

SOP: Emergency 
Preparedness and 
Response 

22 
Implement company 
emergency management 
plan 

GDE.PTH/HSE/SOP.013 SOP: Kesiapsiagaan Tanggap 
Darurat 

SOP: Emergency 
Preparedness and 
Response 

23 

4.4.7.4 Emergency 
response 
equipment 

Ensure immediate safety 
of employees 

GDE.PTH/GM/MNT.001 Manual: Sistem Manajemen 
K3LL 

Manual: HSE Management 
System 

24 GDE.PTH/HSE/SOP.013 SOP: Kesiapsiagaan Tanggap 
Darurat 

SOP: Emergency 
Preparedness and 
Response 

25 GDE.PTH/HSE/SOP.013/FRM.006 Form: Daftar Nomor Telepon 
Penting 

Form: List of emergency 
phone number 

26 GDE.PTH/HSE/SOP.021 SOP: Alat Pelindung Diri 
(APD) 

SOP: Personal Protective 
Equipment (PPE) 

27 GDE.PTH/HSE/SOP.025 SOP: Pertolongan Pertama 
Pada Kecelakaan SOP: First Aid 

28 GDE.PTH/HSE/SOP.018 
SOP: Penanganan 
Kecelakaan, Insiden dan 
Penyakit Akibat Kerja 

SOP: Handling of Accident, 
Incident and Occupational 
Illness 
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29 GDE.PTH/HCF/SOP.005 SOP: Evakuasi Medik SOP: Medical Evacuation 

30   Rute Evakuasi Evacuation Route 

31   GDE.PTH/HSE/SOP.037/FRM.001 
Form: Data Penempatan 
Rambu-rambu K3 dan 
Lingkungan 

Form: Location Data of 
HSE Signs 

32 

4.4.7.5 Emergency 
response training ERT Training 

GDE.PTH/GM/MNT.001 Manual: Sistem Manajemen 
K3LL 

Manual: HSE Management 
System 

33 GDE.PTH/HSE/SOP.013 SOP: Kesiapsiagaan Tanggap 
Darurat 

SOP: Emergency 
Preparedness and 
Response 

34 GDE.PTH/HSE/SOP.014 SOP: Komunikasi, Partisipasi 
Dan Konsultasi 

SOP: Communication, 
Participation and 
Consultation 

35 4.4.7.6 Periodic 
testing of 
emergency 
procedure 

Provide ongoing 
information, debriefing 
and support 

GDE.PTH/GM/MNT.001 Manual: Sistem Manajemen 
K3LL 

Manual: HSE Management 
System 

36 GDE.PTH/HSE/SOP.013 SOP: Kesiapsiagaan Tanggap 
Darurat 

SOP: Emergency 
Preparedness and 
Response 

37 
4.4.7.7 Reviewing & 
revising emergency 
procedure 

Monitor employee 
welfare, ensure ongoing 
support 

GDE.PTH/HSE/SOP.013 SOP: Kesiapsiagaan Tanggap 
Darurat 

SOP: Emergency 
Preparedness and 
Response 

38 GDE.PTH/HSE/SOP.019 SOP: Pemantauan dan 
Pengukuran K3LL 

SOP: Measurement and 
Monitoring of HSE 
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39 

Review and update plan 

GDE.PTH/HSE/SOP.013 SOP: Kesiapsiagaan Tanggap 
Darurat 

SOP: Emergency 
Preparedness and 
Response 

40   Struktur Emergency 
Response Team ERT Structure 
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4.3.1 Policy of HSE in Patuha Unit (Document No:21.1.EDR/PTH1.00-GDE/V/2019) 

HSE Policy in Patuha Unit is adapted from GDE’s Corporate Policy regarding 

Occupational Health and Safety and Environmental Protection (Doc. No: 006.SK/PST.00-

GDE/IV/2018). The outline of the statement in the corporate policy is about the GDE’s 

commitment to carry out operations safely, regularly, according to applicable rules. And 

GDE is also committed to the highest standards of occupational health and environmental 

safety values as part of the company's operations. 

The HSE policy in Patuha Unit is signed by General Manager of GDE, Bapak 

Supriadinata Marza on 1 October 2018. This policy is the principle of HSE system including 

emergency preparedness and response plan. 

4.3.2 Manual of HSE in Patuha Unit (GDE.PTH/GM/MNT.001) 

This manual applies as a reference in implementing HSE management system at GDE 

Patuha Unit with a limitation on Standards / Regulations: 

a) ISO 14001: 2015 Environmental Management System; 

b) Government Regulation Number 50 of 2012 concerning OHS Management 

System. 

This manual applies to the scope of GDE Patuha Unit. Basically all the Patuha Unit 

GDE documents are restricted, so the copies given to parties outside the GDE Patuha Unit 

must obtain written permission from the Patuha Unit GDE Management. 

4.3.3 Standard Operational Standard of EP&R in Patuha Unit (GDE.PTH/HSE/SOP.013) 

This SOP is used to provide guidance in handling emergency situations and to ensure 

that control and mitigation measures are in accordance with the type and level of 

emergency response and organization, so that corporate losses can be reduced, achieving 

efficiency and effectiveness in emergency response management. This chapter summarizes 

the SOP. 

References of the SOP is using ISO 14001:2015, ministry & government regulations 

and integrated manual of HSE in Patuha Unit. Approval of the procedure is by General 
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Manager and HSE Manager and compiled by HS Superintendent. Security level of this 

document is restricted (rated R) and had 5 years for the time retention. This document is 

provided in hard copy and electronic copy. 

This procedure contains much information related to EP&R summarized into: 

a) Limitation (Potential emergency scenarios in operation activities) 

b) Duties and responsibilities 

c) Procedures (Including procedure of emergencies identification, emergencies 

equipment, ERT, external support of EP&R, request for help & mobilization, 

EP&R coordination and communication, EP&R training, and Emergency Response 

Action.) 

4.4 EP&R Implementation in Patuha Unit 

GDE Patuha Unit is committed to implement management of OHS, EMS and working 

productivity improvement using applicable standards and regulations. As the guideline for 

EP&R implementation, GDE Patuha Unit using Company’s Policy, integrated manual of EMS 

& HSE and emergency preparedness response SOP. Under HSE division management, 

planning and activities related with EP&R is conducted. 
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Table 7: Implementation of EP&R system in Patuha Unit complies with OHSAS 18002 

No. 
EP&R Elements in 

OHSAS 18002 
Implementation in Patuha Unit Compliance Status 

1. Identification of 

potential emergencies  
• GDE Patuha Unit already identified potential emergencies through: 

a) Risk Assessment using Form of Hazard Identification, Assessment and Risk Control/ 

HIRADC (See Appendix B3) 

b) Matrix Form of Environmental Aspect and Impact 

(GDE.PTH/HSE/SOP.009/FRM.001) 

c) Form of Incident report (GDE.PTH/HSE/SOP.018/FRM.001) 

d) Form of Incident Investigation Report (GDE.PTH/HSE/SOP.018/FRM.002) 

e) Form of Risk Matrix (GDE.PTH/HSE/SOP.018/FRM.003) 

f) Form of Occupational Illness (GDE.PTH/HSE/SOP.018/FRM.004 

• Complying 
 

2. Establishing & 

implementing 

emergency response 

procedure. 

• GDE Patuha Unit has defined potential of emergencies that might be occurring in the 

Work Instruction Document. 

• Fire • Emergency in the Hazardous 

Material Landfill 

• Earthquake • Landslide 

• Leaking of H2S gas • Chemical /Hazardous Material Spill 

 

 

• Complying 

• Recommend to develop 

SOP for Wild Animal 

Disturbance 

• Recommend to build 

trust of nearby 

communities in EPR by 

scheduling free 

emergency 

preparedness training 
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• GDE Patuha Unit has formed ERT and announced it in a poster complete with 

emergency number that is displayed in a wall. (see Figure 8) 

• Responsibilities of every personnel involved in the ERT is already defined in the SOP of 

Emergency Preparedness and Response; (See Appendix B4)  

• The evacuation procedure is communicated in safety inductions (based on 

GDE.PTH/HSE/SOP.022) that given to the all persons who work at or visit the GDE’s 

Patuha Unit (worker, co-worker, visitor). 

• Evacuation route is announced in a poster along with information of emergency 

situation handling procedure displayed in the wall that easy to read.  (see Figure 10) 

• Assembly points and exit way are determined and made visible to anyone with the big 

sign.  (See Figure 12) 

• Internal communication carried out by dissemination of emergency information to 

every personnel in the company through induction, training, routine/non-routine 

meeting, announcement board, phone, email and other proper communication media. 

• Medical room located on the side of the office area is standing by with the medical staff. 

• GDE Patuha has environment monitoring system using procedure in 

GDE.PTH/HSE/SOP.019 

(First Aid, Fire Fighting). 

Create awareness on 

possible emergencies 

that may occur and 

inform them how to 

respond to such 

situations. 

• Recommend to 

elaborate the handling 

procedure of 

emergency situation. 

3. Emergency response 

equipment. 
ü Fire extinguisher (See Figure 11) and hydrant are placed in the visible place. 

(GDE.PTH/HSE/SOP.013/FRM.002/5) 

ü Fire alarm, smoke detectors and sprinklers are installed. (P&ID) 

ü SCBA and body harness is standing-by and ready to use.  

ü H2S detector is provided for workers in the power plant and well area (See Figure 9) 

ü Complying 
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ü This emergency equipment is always checked regularly to ensure the quantity and 

quality.(GDE.PTH/HSE/SOP.013/FRM.001/2/3/4/5) 

ü GDE Patuha Unit is provides Personnel Protective Equipment (PPE) to every personnel in 

the facility with proper size. (GDE.PTH/HSE/SOP.021/FRM.001/2) 

ü First aid equipment is available in the medical staff. 

(GDE.PTH/HE/SOP.025/FRM.001/2/3/4) 

4. Emergency response 

training. 
ü Based on the EP&R SOP, ERT personnel need to train related to emergency situation 

with accredited training provider. (See Appendix B2) 

 

ü Complying 

ü Recommend to record 

training report /review. 

ü Scheduling training for 

ERT 

5. Periodic testing of 

emergency procedure 
ü Emergency drill (for hazardous chemical spill) has been carried out by HSE division with 

internal staff. (See Appendix B5)  

ü Emergency Schedule is already determined (See Appendix B6) 

ü Complying 

 

6. Reviewing and 

revising emergency 

procedure 

ü The emergency response system has been regularly reviewed by management reviews, 

audit recommendation, corrective action, etc. (See Appendix B7) 

 

ü Complying 
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Figure 8: ERT structure announcement in GDE Patuha Unit 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 : H2S Detector in GDE 
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Figure 10: Evacuation Route in Patuha Unit office 
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Figure 11. Fire Extinguisher in Patuha Unit 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: Assembly Point and Exit Way in Wellpad of Patuha Unit. 
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4.5 Institutional Arrangement for EP&R system in GDE 

According to the Corporate Policy of OHS and EMS (No:006.SK/PST.00-GDE/IV/2018), 

The GDE Directors/Management are responsible for ensuring that the corporate policy is 

implemented through all the company's geothermal operations working area and regularly 

evaluated. The responsibility is also covering EP&R system that stated in GDE Corporate OHS 

and EMS Policy as accident prevention/handling.  

However, HSE Division in each unit had authority to developing and managing The OHS 

and EMS policy, management and procedures including EP&R system considering Corporate 

OHS and EMS Policy. The aim is to put it closer to the condition of each unit which had a 

different location.  

 Both Dieng and Patuha unit give responsibility of EP&R system to The Head of 

Geothermal Engineering/General Manager in each unit. For the implementation of EP&R that 

complied with ISO 14001:2015 and SMK3, ERT is formed and EP&R SOP is developed. The 

arrangement of SOP and ERT is prepared by HSE Division in each unit. ERT in Dieng unit is 

presented in Appendix A4 and in Patuha unit is presented in Appendix B4. 

5. Summary and Conclusion 

GDE has regulated HSE activities with Corporate Policies including EP&R aspect. 

However, authority is given to each geothermal unit in Dieng and Patuha to develop HSE 

Policies, Manuals, SOPs, work instructions and forms by adapting the policies and regulations of 

GDE HQ. 

Both Dieng and Patuha units have implemented EP&R complying with OHSAS 18001 

clause 4.4.7. In general, the elements of emergency response in OHSAS 18001 that comprise 

with identification of emergency situation, development of emergency procedures, emergency 

response equipment, emergency response training, emergency drill and review of emergency 

response systems have been carried out properly. 

In Dieng unit, the EP&R implementation and documentation has been very well 

managed and involving internal staff, external party and communities. The system is also 
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considering environmental protection in the SOP. Yet some activities need to be more 

consistent in their implementation (i.e. safety induction).  

In Patuha Unit, the EP&R documentation and implementation has been well managed. 

Recommendation for Patuha Unit, the procedure of wild animal disturbance must developed 

concern with the pristine forest where production activity is located. Certified training for ERT 

also needs to be conduct periodically. 

The EP&R implementation in Patuha is not quite systematically reach out and brief 

nearby communities. To maintain a good relationship with, and protect communities from 

accidents when there is an emergency situation, EP&R training and counseling is strong 

recommended for the residents (I.e. First Aid training, Landslide emergency drill). It would be 

cost-effective EP&R measures while at the same time enhancing community trust in GDE’s 

activities.  
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1. Introduction 

This document is presenting the results of a qualitative and quantitative risk 

assessment of existing and proposed facility in Dieng and Patuha Unit of PT. Geo Dipa 

Energi (GDE).  

The main purposes of this assignment are: 

• Conduct a comprehensive risk assessment of operational phase in the existing (Unit 

1) and proposed (Unit 2) facilities of Dieng and Patuha and also construction phase in 

the proposed facilities. The objects of the assessment are well production and well 

injection system, pipeline gathering system and power plant system at each unit. 

• Risk assessment following an internationally accepted risk assessment methodology; 

Hazard Identification (HAZID) for qualitative risk assessment and ALOHA1 Simulation 

and Monte Carlo Simulation for Quantitative Risk Assessment. 

• Recommend risk mitigation measures.  

The study was conducted in the framework of a  mandate to IJK Consultancy by the 

Asian Development Bank, which included (i) Risk Assessment of existing and planned 

facilities; (ii) Emergency Preparedness and Response (EP&R) systems review; (iii) 

Environmental Management System (EMS) review; (iv) Baseline Monitoring Sampling. 

Safety of occupational, community and environment are the main concern of all the study. 

Several international standards used for risk assessment guidelines. The standard list is 

presented in Table 1.  

Table 1: List of International Standard for Risk Assessment Study 

No Standard Description 

1 ISO 31000 Risk Management 

2 ISO 17776 Petroleum and Natural Gas Industries – Offshore 

Production Installations: Guidelines on Tools and 

Techniques for Hazard Identification and Risk 

Assessment 

 
1 ALOHA® is the hazard modeling program for the CAMEO® software suite, which is used widely to plan for and 

respond to chemical emergencies.  
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3 AS/NZS 4360-1999 Risk management (Risk Matrix) 

4 US EPA 40 CFR PART 68 Risk Management Plan 

5 US EPA CAS N0.7783-06-4 Toxicological Review of Hydrogen Sulfide 

6 ISO 15156-3 Petroleum and natural gas industries – Materials for use 

in H2S-containing environments in Oil and Gas 

production Part 3: Cracking-resistant CRAs (corrosion 

resistant alloys) and other alloys 

7. ISO/IEC 31010 Guidance Risk Assessment Technique Selection 

 

2. Conceptual Framework for Risk Assessment 

2.1 Risk Assessment in ISO 31000 standard 

ISO 31000 standard describes the overall process of risk assessment namely, risk 

identification, risk analysis and risk evaluation. Risk identification stage tools and 

techniques have to be selected that are suited to the objectives of the risk assessment, and 

to the risks faced. Relevant and up-to-date information is also important in identifying 

risks. This should include appropriate background information where possible. People with 

appropriate knowledge should be involved in identifying risks. Selection of risk assessment 

tools and simulation is also provided in ISO/IEC 31010 standard (Guidance on risk 

assessment techniques selection). 

Considering the availability of data and also the deliverable of the project, HAZID 

(Hazard Identification) is considered a suitable qualitative risk assessment technique to use 

while ALOHA and Monte Carlo simulation is used to analyze the quantitative risk 

assessment. 

2.2 Qualitative Risk Assessment using HAZID based on ISO 17776 

HAZID is a technique for the identification of all significant hazards associated with 

the activity under consideration. The methodology adopted in this HAZID study follows EN 

ISO 17776:2002, “Petroleum and natural gas industries – Offshore production installations 

– Guidelines on tools and techniques for hazard identification and risk assessment” as an 

established good practice. 
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Prior to the HAZID analysis process, a hazard list was developed from the guidance 

provided in ISO 17776:2002 Annex D, which was considered to represent an established 

and appropriate basis. Hazards not considered relevant to the scope of this study, such as 

those specific to offshore and hydrocarbon processing operations, were removed. Table 2 

shows the resulting hazard list. During the HAZID study this list was again reviewed and 

used to generate a list of potential hazard scenarios. 

Table 2: Hazard List 

No Hazard 

01 Pressure and explosive hazards 
02 Object Under Induced Stress 
03 Dynamic Situation Hazards 
04 Corrosive Substances Hazards  
05 Hot Surfaces 
06 Hot Fluids 
07 Electricity 
08 Toxic Gas 
09 Toxic Fluid 
10 Toxic Solid 
11 Refined Hydrocarbon  
12 Environmental Hazards 
13 Noise 
14 Use of Natural Resources 
15 Security Related Hazards  

2.3 Risk Criteria based on AS/NZS 4360-1999 standard 

Appendix E of AS/NZS 4360-1999 standard shows a guideline of simple qualitative 

or descriptive scales for likelihood and consequences. In this study, measures of likelihood 

and consequence were tailored to meet the needs of a risk assessment in geothermal 

power plant. Table 3 is presenting Qualitative measures of consequence or impact for 

People, Environment, Assets, Reputation and Social, respectively. Table 4 is presenting 

Qualitative measures of likelihood. Matrix is used to screening risk which is assigned to 

priority level by combining their likelihood and consequence. Risk Matrix for this study is 

shows in Figure 1. 
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Table 3: Qualitative measures of consequence or impact 

Consequ
ence 
Rank 

Decision Issue 
People Impact Environment Impact Operational / 

Financial Impact 
Reputation Impact 

1 

(Slight) 

Slight Injury or 

Illness ; First aid 

case 

Slight effect; environmental 

impact could last for days; no 

long term consequences; 

spill or release internal to 

facility 

Slight Damage; no 

significant impact on 

operations; no loss in 

revenue 

Slight Impact; no 

impact to local 

community; little 

notice by community 

2 

(Minor) 

Minor Injury or 

Illness ‘ OSHA 

recordable/ 

Doctor Visit 

Minor effect; environmental 

impact could last for weeks; 

spill or release external to 

facility no cleanup required 

Minor Damage; 

damage to equipment; 

minor impact on 

operations; no loss in 

revenue 

Minor impact; 

immediate area to 

facility may be alerted; 

odor or noise 

complaints 

3 

(Severe) 

Severe Injury or 

Illness / Lost Time 

Severe effect; environmental 

impact could last for months; 

reportable quantity spill or 

release requires cleanup  

Local Damage; severe 

damage to equipment; 

impact on part of 

operations; partial loss 

of revenue 

Considerable impact to 

local community; 

potential acute health 

impacts to community; 

Community response 

plan activated 

4 

(Major) 

Potential fatalities 

or permanent 

disabling Injury or 

Illness 

Major effect; environmental 

impact could lasts for years; 

area becomes restricted for a 

limited period of time 

Major Damage; major 

damage to equipment; 

delay in operations; 

short term loss in 

revenue 

Impact would receive 

regional and industry 

coverage; potential 

chronic health impact 

to community 

5 

(Catastrop

hic) 

Potential multiple 

fatalities or 

permanent 

disabling Injury or 

Illness 

Massive effect; 

environmental impact colud 

last for decades; long term 

contamination requiring 

remediation 

Extensive Damage; long 

term impact on 

operations; long term 

loss in revenue 

Impact would receive 

national and global 

attention 
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Table 4: Qualitative measures of consequence or impact 

Likelihood 
Rank 

Description 

E Almost 
certain 

Occurs more than once per 
month Is expected to occur in most circumstances 

D Likely Occurs once every 1 month - 1 
year Will probably occur in most circumstances 

C Possible Occurs once every 1 year - 10 
years Might occur in most circumstances 

B Unlikely Occurs once every 10 years - 100 
years Could occur in most circumstances 

A Rare Occurs less than once every 100 
years May only occur in most circumstances 

 

 

Figure 1: Risk Matrix 

2.4 Quantitative Risk Assessment Simulation based on US EPA standard 

In this study, modeling used to express the quantitative risk assessment result are 

ALOHA and Monte Carlo. ALOHA is a computer program designed to model chemical 

releases for emergency responders and planners. It can estimate how a toxic cloud might 

disperse after a chemical release—as well as several fires and explosions scenarios. While 

Monte Carlo simulation is a statistical technique by which a quantity is calculated 

repeatedly, using randomly selected "what-if" scenarios for each calculation. The standard 

used for both simulations is US EPA Standard. 
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3. Methodology 

The risk assessment covered all facilities to be supported by the project, including 

new production wells, steam gathering system, power plant system, and reinjection wells. 

The study analyzed risks during facility construction in Unit 2 and operation in Unit 1 and 

Unit 2. 

3.1 Qualitative Risk Assessment 

Qualitative analysis uses word form and descriptive scales to describe the 

magnitude of potential consequences and the likelihood that those consequences will 

occur. These scales is adapted or adjusted to suit the circumstances in the geothermal 

power plant, and different descriptions are used for different risks. 

First stage of the assessment was conducting HAZID due to determining hazard that 

might be occurring in the facility. The steps of HAZID are: 

1. Develop a list of credible scenarios from the hazard list 

2. Qualitatively determine the ‘worst case’ consequences and likelihood, assuming 

no mitigation 

3. Use the risk matrix to assign an unmitigated risk category (Low, Medium, High, 

Extremely High) 

4. For those scenarios with an unmitigated risk of High or Medium identify existing 

mitigations that would either reduce the likelihood or limit the consequences 

5. Qualitatively determine the consequences and likelihood, assuming existing 

mitigation 

6. Use the risk matrix to assign a mitigated risk category (Low, Medium, High, 

Extremely High) 

7. For those scenarios with an mitigated risk of High or Medium identify 

recommendations to achieve further risk reduction 

Determination of risks, the probability, and the impact of the risks are based on site 

visit, questionnaire to the GDE employee, and professional judgment. The combination of 

the probability and impact of the risk evaluated through risk matrix to sort the severity of 
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risk from the most to the less severe. The flow diagram of Qualitative Risk Assessment is 

present in Figure 2.  

 

Figure 2: Qualitative Risk Assessment Flow Diagram in GDE Dieng and Patuha 

 

3.2 Quantitative Risk Assessment 

Quantitative analysis uses numerical values (rather than the descriptive scales used 

in qualitative and semi-quantitative analysis) for both consequences and likelihood using 

data from a variety of sources. The quality of the analysis depends on the accuracy and 

completeness of the numerical values used. 

There are 2 simulations for quantitative risk assessment in this study; ALOHA 

simulation that suit to estimating the flammable explosion threat zone, and Monte Carlo 

simulation that suit to estimating the other top risks (risk ranked extremely high) resulting 

from HAZID table. 

ALOHA simulation needs some data to run the modeling of flammable area of vapor 

cloud in the software. If the data is insufficient, relevant approaching could be used to 

determine the assumption data. Once ALOHA’s calculations are complete, users can 

Hazard Identification 

Probability Significance 

Risk Matrix 

Risk Value 

Risk Ranking 
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choose to display a variety of graphical outputs. The output of this simulation in this study 

is distance of the flammable threat zone that could be plot to the map. The flowchart of 

ALOHA simulation process is presented in Figure 3. 

 

Figure 3: The flowchart of ALOHA simulation process 

 

Monte Carlo simulation is a method used to analyze uncertainty. Projects in the 

early phases have to balance the demands of accuracy with a scarcity of details. Ultimately, 

management wants to know how much the planning for handling risks will cost and how 

much funding will be requested. Monte Carlo simulation, if modeled and run properly, will 

provide cost justification for risk treatments or response plans and a clear and adequate 

basis for project contingency as well as management reserve. 

Monte Carlo simulation performs risk analysis by building models of possible results 

by substituting a range of values—a probability distribution—for any factor that has 

Collecting data for ALOHA simulation 

Data assumption for unavailable data 

Input Data to ALOHA software 

Select Calculation Option 

Select Flammable Level of Concern 

Plotting Threat Zone to Map 

Map, Threat Zone and Source strength result 



Safety Risk Assessment Report 

13 | Study of Occupational, Community and Environmental Safety Project at GDE Dieng and Patuha 

inherent uncertainty. It then calculates results over and over, each time using a different 

set of random values from the probability functions. The Lognormal distributions are 

applicable when the risk is asymmetrical. It is to be concerned with the number of 

simulation iterations to run. Values are positively skewed, not symmetric like a normal 

distribution. It is used to represent values that don’t go below zero but have unlimited 

positive potential. Typically, 1000 iterations will provide what a project needs. The Output 

from this simulation is minimal cost, maximal cost and great estimation. 

Table 5 shows Characterization of Lognormal Distribution. The flowchart of Monte 

Carlo proses is presented in Figure 4. The flowchart of overall Risk Assessment steps 

presented in Figure 5.  

Table 5: Characterization of Lognormal Distribution 
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`  

Figure 4: The flowchart of Monte Carlo simulation process 
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Figure 5: The flowchart of overall Risk Assessment steps 

Determine Risk Mitigation Plant for All Risks or HAZARD that have been identified 

Input :  

1. Risk Assessment of GDE Dieng and Patuha Unit 1, Unit 2 
2. HSE Documents, 
3. Site Visit, 
4. Interview/questionnaire to GDE worker. 

Determine The Risk Matrix and Categories Level of Probability and Consequences. 

 

Conduct HAZID based on Risk Assessments from Geodipa and discuss between expert 
for construction new plant and operation plant. 

 

Determine Risk Level for All Risks or HAZARD that have been identified 

Determine Top Risk. 

Conduct Quantitative Risk Assessment for Top Risk. 

Conduct Simulation of Monte Carlo for Top Risk and ALOHA for flammable hazard. 

Output : 

1. Improvement HAZID and Risk Mitigation Plant for operation plant (Dieng and 
Patuha) 

2. HAZID and Risk Mitigation Plant for construction proposed plant (Dieng and 
Patuha) 

3. Total Quantitative Safety Risk (Min, Max, Median, Mean) 
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4. Risk Assessment Result 

4.1 Qualitative Risk Assessment Result 

4.1.1 GDE Dieng Unit 

A total of 330 risks/scenarios were assessed at GDE Dieng Unit in operation and 

construction phase, and risks without mitigation were classified in extremely high risk (36); 

high risk (222); medium risk (72) and low risk (0). Risk mitigation measures as implemented 

by GDE either through physical interventions or through safety procedures (standard 

operating procedures, safety manuals, trainings etc.) are able to significantly reduce risk 

levels, including extremely high risk (reduced from 36 to 6); high risk (reduced from 222 to 

126); medium risk (increased from 72 to 136) and low risk (increased from 0 to 62).  

The risk distribution of unmitigated scenarios in GDE Dieng is presented in Figure 6. 

The Risk distribution of mitigated scenarios in GDE Dieng is presented in Figure 7. The 

Detail of HAZID table at Dieng is presented in Appendix 1 for Operation Phase and 

Appendix 2 for Construction Phase. 

The residual extremely high risks that may affect community health and safety or 

the environment primarily relate to the following scenarios:  

1. Unit 1 & 2 Production Well: Brine pond at well pad 10 overflow, leading to 

damage of ground water, damage of planting and landslide. 

2. Unit 1 & 2 Production Well: H2S emissions dispersed from silencer, which could 

affect nearby communities (primarily bad odors, but H2S could be dangerous 

as it denser than air; and thus could accumulate in depressions). 

3. Unit 2 Power Plant, organic fluid storage: Malfunction of control system and 

safety device leading to rupture of organic fluid storage Butane and Pentane), 

potentially resulting in explosion and injury of workers and nearby residential 

at Karang Tengah Village. 

These high risk scenarios will go through Monte Carlo Simulation for the preference 

of estimated mitigation cost in the Quantitative Risk Assessment. And specifically for 

organic fluid storage scenario, it will also go through ALOHA simulation. 
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 Frequencies 
 A B C D E 

Significance Rare Unlikely Possible Likely Almost 
Certain 

5 Catastrophic 24 22 14  2 

4 Major  48 14 12 4 

3 Severe  38 94 4  

2 Minor   34 20  

1 Slight      

 
Figure 6: Risk Distribution of unmitigated scenarios at GDE Dieng 

 Frequencies 

 A B C D E 
Significance Rare Unlikely Possible Likely Almost 

Certain 
5 Catastrophic 54 12 2   

4 Major 16 46 4   

3 Severe 20 108 4 4  

2 Minor  42 12 6  

1 Slight      

 
Figure 7: Risk Distribution of mitigated scenarios at GDE Dieng 

4.1.2 GDE Patuha Unit 

A total of 288 risks/scenarios were assessed at GDE Patuha Unit in operation and 

construction phase, and risks without mitigation were classified in extremely high risk (16); 

high risk (200); medium risk (72) and low risk (0). Risk mitigation measures as implemented 

by GDE either through physical interventions or through safety procedures (standard 

operating procedures, safety manuals, trainings etc.) are able to significantly reduce risk 

levels, including extremely high risk (0); high risk (reduced from 200 to 112); medium risk 

(increased from 72 to 138) and low risk (increased from 0 to 38).  

The risk distribution of unmitigated scenarios in GDE Patuha is presented in Figure 

8. And the Risk distribution of mitigated scenarios in GDE Patuha is presented in Figure 9. 

The Detail of HAZID table at Patuha is presented in Appendix 3 for Operation Phase and 

Appendix 4 for Construction Phase. 
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There is no residual extremely high risk that may affect community health and 

safety or the environment in GDE Patuha Unit. 

 

 

 
 
 
 
 
 
 
 
 

Figure 8: Risk Distribution of unmitigated scenarios at GDE Patuha 

 

 

 
 
 
 
 
 
 
 
 
 

Figure 9: Risk Distribution of mitigated scenarios at GDE Patuha 

 

4.1.3 Residual extremely high risk that may affect safety aspect  

Table 6: Summary of Residual Extremely High Risk that may affect safety aspect at GDE Dieng Unit 

Hazard/scenario Residual risk Additional risk mitigation measure proposed 

Unit 1 (Existing Facility) 
Corrosion leading to pipe and wellhead leakage and 
rupture 

5B (H) • Install visible warning signs for all personnel (Well Pad 
30).  

• Remove the unused tank using forklift and transport 
with truck to the backfill. 

Direct contact to process pipe surface leading to 
personal injury and / or asset damage  
 

3A (H) • Repair damaged insulation on the loop pipeline in 
gathering system, especially at location near 
volcanology Research Center and well pad 9. The cost 
is based on FS calculation. 

 Frequencies 
 A B C D E 

Significance Rare Unlikely Possible Likely Almost 
Certain 

5 Catastrophic 26 26 10   

4 Major 8 30 14 6  

3 Severe  32 86   

2 Minor   32 18  

1 Slight      

 Frequencies 

 A B C D E 
Significance Rare Unlikely Possible Likely Almost 

Certain 
5 Catastrophic 56 8    

4 Major 18 40    

3 Severe  108 2   

2 Minor  38 12 6  

1 Slight      
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The silencer discharge contains H2S and CO2 that 
could affect air quality 
 

4B (H) • EPC Contractor to consider re-designing engineering 
silencer with installation of H2S absorber, in 
framework of DED; e.g. Lo-Cat (Merichem Chemicals 
Refinery Services LLC) 

Nearby communities exposed to H2S from silencer, 
causing eye irritation, bad odor and headache. 
 

3D (E) • Community counseling/simulation to handling H2S 
exposure by GDE Peduli (CSR) or third party 

Brine pond overflow, leading to groundwater and soil 
pollution, damage of farmland 
 

3D (E) • Pond revitalization of Well pad 30 and Well Pad 10. 

Silica Compounds around the pond and scaling pipe. 
 

3B (M) • Provide dedicated and protected place for collected 
silica from all well pads (5, 7, 14 and 17) 

• Include silica management in SOP of hazardous 
material waste management 

Separator draining the brine to Atmospheric Flash 
Tank, resulting noise due to reducing brine pressure 
in separator to atmospheric pressure leading to noisy 
sound that arise complaints from neighbors. 

3C (H) • Establish and maintain grievance redress mechanism 
(GRM)  

• Sharing information to nearby community 
• Regular monitoring 

Steam Purifier Vent noise potential to hearing 
damage of personnel 

2B (L) • EPC contractor to conduct detailed noise modeling to 
confirm compliance with relevant noise standard 
(55dB/45dB day-time and night-time noise at nearest 
sensitive receptor) 

Sabotage causing fire or loss production potential to 
personal injury, downtime, damage to asset, 
reputation, and social impact 

2B (L) • Improve access control to existing wells pads 9, 29, 30 
including fencing, gate and security guard. 

Theft causing loss asset potential to  personal injury, 
downtime, damage to asset, reputation, and social 
impact 

2B (L) • As Above 

Unit 2 (Construction) 
Nearby communities exposed H2S from silencer 
causing eye irritation, bad odor and headache. 
 

5C (E) • Optimization of community counseling/simulation to 
handling H2S exposure by GDE Peduli (CSR) or third 
party. 

Unit 2 (Operation) 
Malfunction of control system and safety device 
leading to rupture at storage Tank of Organic Fluid 
(Butane and Pentane) rupture. Potentially explosion, 
injury of people. 

5C (E) • EPC contractor to conduct detailed risk assessment as 
part of DED, and to consider installation of blast wall 
as needed 
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Table 7: Summary of Residual Extremely High Risk that may affect safety aspect at GDE Patuha Unit 

Hazard/scenario Residual risk Additional risk mitigation measure proposed  

Unit 1 (Existing Facility) 
Nearby communities exposed H2S from silencer 
causing eye irritation, bad odor and headache.  

3C (H) • Optimization of community counseling/simulation to 
handling H2S exposure by GDE Peduli (CSR) or third 
party. 

Unit 2 (Construction) 
Nearby communities exposed H2S from silencer 
causing eye irritation, bad odor and headache. 
 

5C (E) • Optimization of community counseling/simulation to 
handling H2S exposure by GDE Peduli (CSR) or third 
party. 

 

4.2 Quantitative Risk Assessment Result 

4.2.1 ALOHA Simulation 

In Dieng Unit 2, the proposed scheme of power generation is using combined cycle 

with bottoming Organic Rankine Cycle (ORC) process flow. The ORC is using organic fluid 

for the application; butane and pentane that stored as a liquid in a pressurized tank. Worst 

scenario in this process that might happen is instantaneous flammable explosion. 

Considering to the catastrophic severity for flammable explosion scenario, estimation of 

the severity distance that affected by the failure need to be calculated. 

ALOHA simulation enables the modeling of  how a vapor cloud might disperse after 

a chemical release—as well as several fires and explosions scenarios. In this case, butane 

and pentane release leading to flammable explosion. Based on NFPA hazard classification 

Butane and Pentane are materials that rapidly or completely vaporize at atmospheric 

pressure and normal ambient temperature or that are readily dispersed in air and burn 

readily. 

The simulation needs several data to run the modeling of flammable area of vapor 

cloud. Table 11 is presenting Data for ALOHA simulation in Dieng Unit 2 for ORC process flow. 
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Table 8: Data for ALOHA simulation in Dieng Unit 2 for ORC process flow 

ALOHA Tab No Data Input Assumption  
(If Input 

Unavailable) 

Reference 

Site Data 1 Elevation 6872 m  Google Earth 

2 Coordination Latitude Deg: 7,Min: 12 

S, Longitude, Deg: 109, 

Min: 54 E 

Latitude Deg: 7, 211 S, 

Longitude, Deg: 109,884 

E 

 Google Earth 

3 Time -7.00, GMT Standard 

Time 

 Standard Time 

4 Building Enclosed Office  Feasibility Study 

5 Date 9 August 2019, 00:00  The lowest 

stability weather 

data  

Set Up 6 Chemical Butane   

Atmospheric 

(User Input) 

  

7 Wind Speed 1.3 m/s  Meteoblue.com 

8 Wind Direction ESE  Meteoblue.com 

9 Measurement 

Height Above 

Ground 

10 m   

10 Ground 

Roughness2 

Farmland with very few 

buildings/trees : 0.03m 

(3cm) 

  

11 Select Cloud Cover 2%  Meteoblue.com 

12 Air Temperature 18.6 oC  Meteoblue.com 

13 Stability Class F  ALOHA 

calculation 

14 Inversion -   

15 Humidity 47%  Meteoblue.com 

Source 16 Unit  Pounds  

 
2 Petersen, Erik L., Niels G. Mortensen, Lars Landberg, Jorgen Hojstrup dan Helmut P. Frank. (1997): Wind Power 
Meteorology. Weather and Climate:10-11. 
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Strength 

(Direct 

Source) 

17 Scenario source  Instantaneous  

18 The amount of 

pollutant 

 10000lbs  

19 Enter Source 

Height 

 0 meter  

20 Chemical stored 

(gas /liquid) 

 Liquid  

 Stored 

Temperature 

Ambient Temperature   

Calculation 

Option 

21 Use Heavy Gas 

Dispersion only 

   

Display  

(Threat Zone) 

22 Hazard to analyze Flammable area of Vapor 

Cloud/Blast Area of 

Vapor Cloud Explosion 

  

 

Weather data was collected from 9 August to 16 August 2019. Data was taken at 

10:00 AM for represent Day Time and 22:00 PM for represent Night Time. No wind speed 

data was noted on WSW, W and NW, it could be seen in Figure 13. Each data was 

simulated in ALOHA and data with stability ranking F (12 August 2019, 10:00) is picked for 

further simulation. 
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Figure 10: Wind Rose in Dieng Unit 2 from 9 August to 16 August 2019 

The assumption data for the ALOHA simulation in Dieng Unit 2 for ORC process 

flow, is summarized below: 

1. The quantitative risk estimation for the consequence analysis focused on 

postulated worst-case scenario associated with storage of butane and propane.  

2. The worst case release is designed to represent the upper bound catastrophic, 

conservative situation; it assumes complete release of the quantity held in the 

largest vessel at the facility and assumes (contrary to the law physics) that the 

entire mass is available for a vapor cloud explosion. 

3. This scenario does not take into consideration the mitigation measures and 

assumed failure of all active safety systems and absence of emergency response 

to reduce the impacts and risk. 

4. Direct source option for source strength is used due to limited information 

about a release in the butane and pentane storage tank. 
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5. The model of direct release is using Heavy Gas Dispersion. Butane and propane 

is a liquid substance in a pressurized storage tank. 

6. Maximum quantity of Butane and Pentane Storage is not defined yet in the 

Feasibility Study document. Therefore, determination of the volume input in 

this case is based on EPA List of Regulated Substances and Thresholds for 

Accidental Release Prevention. Butane and propane threshold quantity is 10000 

lbs. According to US EPA Risk Management Program, if one has more than 

10000 pounds of a listed flammable substance (e.g., propane, butane) in a 

process, one must develop a risk management program and plan. 

The Result of the ALOHA simulation for Butane and Pentane are: 

• Flammable Substances: Butane and Pentane 

• Direct Source: 10000 pounds 

• Source Height: 0 

• Release Duration: 1 minute 

• Release Rate: 167 pounds/sec 

• Total Amount Released: 10,000 pounds 

• Note: This chemical may flash boil and/or result in two phase flow. 

• Threat Modeled: Flammable Area of Vapor Cloud 

• Model Run: Heavy Gas  

• Red   : 368 yards --- (9600 ppm = 60% LEL = Flame Pockets) 

• Yellow: 968 yards --- (1600 ppm = 10% LEL) 

To clarify the impact of the worst scenario that impact community, ALOHA 

simulation could be overlayed in a map. ALOHA simulation map in Dieng Unit 2 is 

presented in Appendix 19 for Butane and 20 for Pentane. 
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4.2.2 Monte Carlo Simulation 

Additional Measures and key finding that determined in Qualitative Risk 

Assessment, is going through Quantitative Risk Assessment using Monte Carlo 

simulation to quantify (in monetary terms) those that relate to EHS that impact 

environment and community. 

Table 9 shows additional recommended additional measures, cost estimates as 

per Monte Carlo Simulation result. 

Table 9: Recommended additional measures, cost estimates as per Monte Carlo simulation result 

Hazard/scenario Residual 
risk  

Additional risk mitigation measure proposed by the 
independent risk assessment team 

Cost estimates 
(incremental 
costs)* in USD 

Unit 1 (existing facilities) 
Corrosion leading to pipe 
and wellhead leakage and 
rupture 

5B (H) • Install visible warning signs for all personnel (Well Pad 
30).  

• Remove the unused tank using forklift and transport with 
truck to the backfill. 

Minimal Cost:  
140 USD 
Maximal  Cost:  
220 USD 
Great 
Estimation:  
150 USD 

Direct contact to process 
pipe surface leading to 
personal injury and / or 
asset damage  
 

3A (H) • Repair damaged insulation on the loop pipeline in 
gathering system, especially at location near volcanology 
Research Center and well pad 9. The cost is based on FS 
calculation. 

 

Minimal Cost:  
100 USD 
Maximal  Cost:  
150 USD 
Great 
Estimation:  
110 USD 

The silencer discharge 
contains H2S and CO2 that 
could affect air quality 
 

4B (H) • EPC Contractor to consider re-designing engineering 
silencer with installation of H2S absorber, in framework of 
DED; e.g. Lo-Cat (Merichem Chemicals Refinery Services 
LLC) 

Minimal Cost:  
2,950,000 USD 
Maximal  Cost:  
4,430,000 USD 
Great 
Estimation:  
3,000,000 USD 

Nearby communities 
exposed to H2S from 
silencer, causing eye 
irritation, bad odor and 
headache. 
 

3D (E) • Optimization of community counseling/simulation to 
handling H2S exposure by GDE Peduli (CSR) or third party 

Minimal Cost:  
1,400 USD 
Maximal  Cost:  
2,200 USD 
Great 
Estimation:  
1,500 USD 

Brine pond overflow, 
leading to groundwater and 
soil pollution, damage of 
farmland 
 

3D (E) • Pond Revitalization (Well pad 30 and Well Pad 10). Minimal Cost:  
1,500 USD 
Maximal  Cost:  
2,500 USD 
Great 
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Estimation:  
1,600 USD 

Silica Compounds around 
the pond and scaling pipe. 
 

3B (M) • Provide dedicated and protected place for collected silica 
from all well pads (7, 28 and 30) 

• Include silica management in SOP of hazardous material 
waste management 

Minimal Cost:  
15,000 USD 
Maximal  Cost:  
22,500 USD 
Great 
Estimation:  
16,000 USD 

Separator draining the 
brine to Atmospheric Flash 
Tank, resulting  innoise due 
to reducing brine pressure 
in separator to atmospheric  
pressure leading to noisy 
sound that arise complaints 
from neighbors. 

3C (H) • Establish and maintain grievance redress mechanism 
(GRM)  

• Sharing information to nearby community 
• Regular monitoring 

Minimal Cost:  
600 USD 
Maximal  Cost:  
900 USD 
Great 
Estimation:  
610 USD 

Steam Purifier Vent noise 
potential to hearing 
damage of personnel 

2B (L) • EPC contractor to conduct detailed noise modeling to 
confirm compliance with relevant noise standard 
(55dB/45dB day-time and night-time noise at nearest 
sensitive receptor) 

Minimal Cost:  
10,000 USD 
Maximal  Cost:  
15,000 USD 
Great 
Estimation:  
11,000 USD 

Sabotage causing fire or 
loss production potential to 
personal injury, downtime, 
damage to asset, 
reputation, and social 
impact 

2B (L) • Improve access control to existing wells pads 5, 7, 14 and 
15 including fencing, gate and security guard. 

Minimal Cost:  
1,500 USD 
Maximal  Cost:  
2,300 USD 
Great 
Estimation:  
1,600 USD 

Theft causing loss asset 
potential to  personal 
injury, downtime, damage 
to asset, reputation, and 
social impact 

2B (L) • As Above Minimal Cost:  
1,500 USD 
Maximal  Cost:  
2,300 USD 
Great 
Estimation:  
1,600 USD 

Unit 2 (construction) 
Nearby communities 
exposed H2S from silencer 
causing eye irritation, bad 
odor and headache. 
 

5C (E) • Optimization of community counseling/simulation to 
handling H2S exposure by GDE Peduli (CSR) or third 
party. 

Minimal Cost:  
1,400 USD 
Maximal  Cost:  
2,200 USD 
Great 
Estimation:  
1,500 USD 

Unit 2 (operation) 
Malfunction of control 
system and safety device 
leading to rupture at 
storage Tank of Organic 
Fluid (Butane and Pentane) 

5C (E) • EPC contractor to conduct detailed risk assessment as 
part of DED, and to consider installation of blast wall as 
needed 

Minimal Cost:  
34,000 USD 
Maximal  Cost:  
52,000 USD 
Great 
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rupture. Potentially 
explosion, injury of people. 

Estimation:  
35,000 USD 

 

4.3 Safety Issue Raised in the Community 

4.3.1 Noise and Vibration 

During construction and decommissioning activities, noise and vibration may be 

caused by the operation of pile drivers, earth moving and excavation equipment, 

concrete mixers, cranes and the transportation of equipment, materials and 

people. Some recommended noise reduction and control strategies to consider in 

areas close to community areas include: 

• Planning activities in consultation with local communities so that activities 

with the greatest potential to generate noise are planned during periods of 

the day that will result in least disturbance. 

• Using noise control devices, such as temporary noise barriers and deflectors 

for impact and blasting activities, and exhaust muffling devices for 

combustion engines. 

• Avoiding or minimizing project transportation through community areas. 

4.3.2 Dust 

During pre-construction and construction phase, dust suppression techniques should 

be implemented, such as applying water or non-toxic chemicals to minimize dust 

from vehicle movements. PPE, such as dusk masks, should be used where dust levels 

are excessive. 

4.3.3 Impact on Water Resources 

The extraction, reinjection, and discharge of geothermal fluids may affect the quality 

and quantity of surface and groundwater resources. Examples of specific impacts 

include the inadvertent introduction of geothermal fluids into shallower productive 

aquifers during extraction and reinjection activities or a reduction in the flow of hot 
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thermal springs due to withdrawal activities. Recommended measures to prevent 

and control these impacts include: 

• Elaboration of a comprehensive geological and hydrogeological model 

including overall geological, structural and tectonic architecture, reservoir 

size, boundaries, geotechnical and hydraulic host rock properties; 

• Completion of a hydro-geologic and water balance assessment during the 

project planning stage to identify hydraulic interconnections between the 

geothermal extraction and reinjection points and any sources of potable 

water or surface water features; 

• Isolation of steam producing sources from shallower hydrologic formations 

which may be used as sources of potable water through careful site selection 

and properly designed and installed well casing systems; 

• Avoiding negative impacts on surface water by introducing strict discharge 

criteria and appropriate means to bring water quality and temperature to 

acceptable standards. 

4.3.4 Hydrogen Sulphide 

In addition to the prevention and control of emissions and exposure to hydrogen 

sulfide gas described in the environmental and occupational health and safety 

sections above, the potential for exposures to members of the community should be 

carefully considered during the planning process and the necessary precautions 

implemented. Where the potential for community exposure is significant, examples 

of mitigation measures include: 

• Siting of potential significant emissions sources with consideration of hydrogen 

sulphide gas exposure to nearby communities (considering key environmental 

factors such as proximity, morphology and prevailing wind directions). 

• Installation of a hydrogen sulphide gas monitoring network with the number 

and location of monitoring stations determined through air dispersion 
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modelling, taking into account the location of emissions sources and areas of 

community use and habitation; 

• Continuous operation of the hydrogen sulphide gas monitoring systems to 

facilitate early detection and warning; 

• Emergency planning involving community input to allow for effective response 

to monitoring system warnings. 

4.3.5 Access Control Hazard 

Risks may arise from inadvertent or intentional trespassing, including potential 

contact with hazardous materials, contaminated soils and other environmental 

media, buildings that are vacant or under construction, or excavations and 

structures which may pose falling and entrapment hazards. Risk management 

strategies may include: 

• Restricting access to the site, through a combination of institutional and 

administrative controls, with a focus on high risk structures or areas depending 

on site-specific situations, including fencing, signage, and communication of 

risks to the local community 

• Removing hazardous conditions on construction sites that cannot be controlled 

affectively with site access restrictions, such as covering openings to small 

confined spaces, ensuring means of escape for larger openings such as 

trenches or excavations, or locked storage of hazardous materials 

4.3.6 Blowout Hazard 

Although very rare, well blowouts and pipeline failures may occur during well 

drilling or facility operations. Such failures can result in the release of toxic drilling 

additives and fluids, as well as hydrogen sulfide gases from underground 

formations. Pipeline ruptures may also result in the surface release of geothermal 

fluids and steam containing heavy metals, acids, mineral deposits, and other 
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pollutants. In HAZID table this event is rank as High level of risk that not goes 

through the top risk. 

In Dieng and Patuha, there was no blowout history during drilling. The most 

occurring problem in drilling phase of GDE Dieng Unit are abrasive and adhesive 

wear from Contact load of pipe against casing and corrosion. While in GDE Patuha 

Unit, the most problem occur are difficult geologic condition and casing implosion. 

4.3.7 Vehicle Collision Hazard to Steam Pipeline 

The chance of collision between vehicle and SAGS is most likely to occur in Dieng 

Unit due to the location that nearly close with the communities and no steel barrier 

install to minimize the risk. While in GDE Patuha production activity area had some 

distance with the community and its activities. 

4.3.8 Corrosion within settlement 

Sulfide stress cracking is defined as cracking of a metal under the combined action 

of tensile stress and corrosion in the presence of water and hydrogen sulfide. SSC is 

a form of hydrogen stress cracking resulting from absorption of atomic hydrogen 

that is produced by the sulfide corrosion process on the metal surface. SSC usually 

occurs more readily in high strength (high hardness) steels in hard weld deposits or 

hard heat-affected zones of lower-strength steels. 

Susceptibility to SSC is related to the hydrogen permeation flux in the steel, which is 

primarily associated with two environmental parameters—pH and H2S content of 

the water. 

If there is no water present, then the material is considered Not Susceptible to SSC. 

If there is water present (humid environment), then the basic data from Table 10 

on the H2S content of the water and its pH should be used to estimate the 

environmental severity (potential level of hydrogen flux). 
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Table 10: Environmental Severity of SSC 

 
Source: API 581- Risk Based Inspection Guideline. 

4.3.9 Solid Waste 

Land contamination may be encountered in sites under construction or 

decommissioning due to known or unknown historical releases of hazardous 

materials or oil, or due to the presence of abandoned infrastructure formerly used 

to store or handle these materials, including underground storage tanks. 

Actions necessary to manage the risk from contaminated land will depend on factors 

such as the level and location of contamination, the type and risks of the 

contaminated media, and the intended land use. However, a basic management 

strategy should include: 

• Managing contaminated media with the objective of protecting the safety and 

health of occupants of the site, the surrounding community, and the 

environment post construction or post decommissioning 

• Understanding the historical use of the land with regard to the potential 

presence of hazardous materials or oil prior to initiation of construction or 

decommissioning activities 

• Preparing plans and procedures to respond to the discovery of contaminated 

media to minimize or reduce the risk to health, safety, and the environment 

consistent with the approach for Contaminated Land. 

• Preparation of a management plan to manage obsolete, abandoned, hazardous 

materials or oil consistent with the approach to hazardous waste management 
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4.3.10 Overflow Brine at the Pond 

The pond at the well pad may overflow during high rainy season or brine pump 

maintenance. Due to Boron containment in the Brine, potato plantation might exposed 

and cannot grow. Overflow might contaminate the soil of the plantation. 

The mitigation so far is SOP of Farmer Claim Handling. Recommend to revitalize the 

pond into a good strong concrete structure and design with calculate the estimation of 

maximal brine volume. 

4.3.11 Erosion/Landside 

Soil erosion may be caused by exposure of soil surfaces to rain and wind during site 

clearing, earth moving, and excavation activities. The mobilization and transport of soil 

particles may, in turn, result in sedimentation of surface drainage networks, which may 

result in impacts to the quality of natural water systems and ultimately the biological 

systems that use these waters. Recommended soil erosion and water system 

management approaches include: 

• Scheduling to avoid heavy rainfall periods (i.e., during the dry season) to the 

extent practical: 

o Contouring and minimizing length and steepness of slopes 

o Mulching to stabilize exposed areas 

o Re-vegetating areas promptly 

o Designing channels and ditches for post-construction flows 

o Lining steep channel and slopes (e.g. use jute matting) 

• Segregating or diverting clean water runoff to prevent it mixing with water 

containing a high solid content, to minimize the volume of water to be treated 

prior to release. 

• Limiting access road gradients to reduce runoff-induced erosion 

• Providing adequate road drainage based on road width, surface material, 

compaction, and maintenance. 



Safety Risk Assessment Report 

33 | Study of Occupational, Community and Environmental Safety Project at GDE Dieng and Patuha 

• Depending on the potential for adverse impacts, installing free-spanning 

structures (e.g., single span bridges) for road watercourse crossings 

• Restricting the duration and timing of in-stream activities to lower low periods, 

and avoiding periods critical to biological cycles of valued flora and fauna (e.g., 

migration, spawning, etc.) 

• For in-stream works, using isolation techniques such as berming or diversion 

during construction to limit the exposure of disturbed sediments to moving 

water 

• Consider using trenchless technology for pipeline crossings (e.g., suspended 

crossings) or installation by directional drilling 

• Providing effective short term measures for slope stabilization, sediment 

control and subsidence control until long term measures for the operational 

phase can be implemented 

• · Providing adequate drainage systems to minimize and control infiltration 

5. Summary and Conclusion 

5.1 HAZID Result 

The total of scenario that assessed in HAZID table is 825 scenarios, in detail 23 

extremely high risks, 596 high risks, 172 medium risks, and 32 low risks. Top Risks is extremely 

high risk, in total is 23 scenarios that going through Monte Carlo Simulation. 

5.2 ALOHA Simulation result 

Based on Feasibility Study, power plant area of proposed Unit 2 in Dieng Power Plant 

System is located more less 150 meters to the closest settlement.  The simulation of the worst 

scenario; Butane and Pentane storage tank rupture, with an approach for volume assumption, 

resulting the distance of red threat zone (flame pocket) are 335 meters (concentration 9600 

ppm), while the yellow threat zone is 885 meter (1600 ppm). It could be concluded that the 

settlement is potentially receiving directly the impact of the worst scenario/ in the red threat 

zone. The red threat zone also reaches crater and fertile area for planting.  The mitigation of 

the scenario is an installation of blast wall in the area of storage tank so the explosion has a 
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short impact area. A good design of spherical storage tank for butane and pentane is also 

recommended. 

5.3 Monte Carlo Simulation Result 

Knowing some of probabilities funds value for reserving, company could more ready if 

the risk occurs. Unpredictable time and environmental condition may change anytime, so 

company must prepare contingency reserve adequately. Place with nearby community will 

require greater funds than far from the population. Estimated funds with the Monte Carlo 

Simulation can see by each percentile that most likely funds are needed. 

6. Bibliography 

• Bellarby, Jonathan. 2009. Well Completion Design. Elsevier Science. 

• Osundare, Olusegun; Teodoriu; Falcone; and Ichim. 2018. Estimation of Plugging and 

Abandonment Costs Based on Different EU Regulations with Application to Geothermal 

Wells. Proceedings 43rd Workshop on Geothermal Reservoir Engineering Stanford 

University, February 12-14, 2018. 

• Okwiri, Lilian. 2017. Risk Assessment and Risk Modelling in Geothermal Drilling. 

Geothermal Training Programe, United Nations University, Iceland. 

• Woodward, John. 1999. Estimating the Flammable Mass of a Vapor Cloud. Wiley 

• API 581 – Risk Based Inspection Guideline 

• Environmental, Health, and Safety (EHS) Guidelines of International Finance 

Corporation. 

 

 



Appendix 1: Identified risks without (left) and with (right) mitigation measures, Operation 
Phase at Dieng Facility 

Hazard Description (scenario) 

Risk 
category 
(without 

mitigation 
measure) 

Key risk mitigation measures by GDE (actual 
or proposed); key identified gaps 

(additional measures) 

Risk 
category 

(with 
mitigation 
measures) 

Unit 1 and Unit 2 Production Phase (existing facilities) 
01. Pressure/Explosive Hazard 
Geothermal 
Fluid at High 
Pressure 
 

Corrosion leading to pipe and 
wellhead leakage and 
rupture (see in 04. 
Corrosive Substances 
Hazard for detail). 

 
Location:  

a. Unit 1: Well pad 7, 28, 29, 
30, and 31. 

b. Unit 2: Well pad 7, 9, 10, 30, 
31  

 
 

5C (E) • SOP Wellhead Operation 
• SOP Pipe Rupture (GDE-DIENG-HSE-SOP-

022-R1) 
• SOP of PPE (GDE-DIENG-HSE-SOP-012) 
• SOP of First aid (GDE-DIENG-HSE-SOP-

048) 
• Design and install casing/tubing properly 
• Intensive wall thickness inspection  
• Develop SOP for Pipe Rupture for Unit 2 
• Expand EP&R to Unit 2 facilities 

 

Recommended Additional Measures: 

• Install visible warning signs for all 
personnel (Well pad 30). Remove the 
unused tank. 

  
 

5B (H) 



Casing burst or tubing collapse 
due to well fluid pressure 
and temperature. 

 
Location:  

a. Unit 1: Well pad 7, 28, 29, 
30, and 31. 

b. Unit 2: Well pad 7, 9, 10, 30, 
31 

4C (H) • Design and install casing/tubing properly 
• Use burst discs to ensure that the outer 

casing fails (bursts) before casing or 
tubing collapse. 

• SOP of Emergency Preparedness and 
Response (GDE-DIENG-HSE-SOP-014) 

• Provide PPE (helmet, safety boots) as SOP 
of PPE (GDE-DIENG-HSE-SOP-012) 

• First Aid kits at site as SOP of First aid 
(GDE-DIENG-HSE-SOP-048) 

• Expand EP&R to Unit 2 facilities. 

4B (H) 

Operator does not comply 
with operation and HSE SOP 
leading to damage to pipes 
and equipment rupture. 
Complaints from 
community. 

 
Location:  

a. Unit 1: Well pad & Injection 
5, 7, 15, 28, 29, 30, and 31, 
Gathering System, Power 
Plant. 

b. Unit 2: Well pad 7, 9, 10, 30, 
31 Gathering System, Power 
Plant. 

 

5C (E) • Training of procedure and HSE SOP 
• SOP of Contractor Safety Management 

System (GDE-DIENG-HSE-SOP-051) 
• SOP of Job Safety Analysis (GDE-DIENG-

HSE-SOP-042) 
• SOP of Permit to Work (GDE-DIENG-HSE-

SOP-034) & SOP of Lock Out Tag Out 
(GDE-DIENG-HSE-SOP-047) 

• PPE (helmet, safety boots) as SOP of PPE 
(GDE-DIENG-HSE-SOP-012) 

• Stand By SCBA of EPR Team 
• H2S Detector 
• First Aid 

5A (H) 

Condensate carries over 
leading to abrasive to 
pipeline leading to pipe 
rupture. 

 
Location:  

a. Unit 1: Well pad 7, 28, 29, 
30, and 31, Gathering 
System, Power Plant. 

b. Unit 2: Well pad 7, 9, 10, 30, 
31 Gathering System, Power 
Plant. 

 

5A (H) • Install steam trap  
• Rock muffler 
• Provide PPE (helmet, safety boots) as SOP 

of PPE (GDE-DIENG-HSE-SOP-012) 
• First Aid kits at site as SOP of First aid 

(GDE-DIENG-HSE-SOP-048) 

5A (H) 



Malfunction of control system 
and safety device leading to 
rupture at storage Tank of 
Organic Fluid (Butane and 
Pentane) rupture. 
Potentially explosion, injury 
of people.  

 
Location: 

a. Unit 2: Power Plant 

5C (E) Recommended Additional measures: 

• Conduct detailed risk assessment as part 
of DED  

• Design and install Blast Wall 

 

5C (E) 

02. Object Under Induced Stress 
Object 
Under 
Compressio
n 

Pressure Safety Valve blocked 
leading to explosion, worker 
injury, downtime, noise to 
the community, damage to 
assets, and also affected to 
company reputation. 

 
Location:  

a. Unit 1: Well pad 7, 28, 29, 
30, and 31, Power Plant. 

b. Unit 2: Well pad 7, 9, 10, 30, 
31 Power Plant. 

4B (H) • Pressure Safety Valve certification by 
qualified institution 

• Regular Pressure Safety Valve 
inspection/monitoring 

• Rupture Disk 
• Alarm System, Shut Down System 
• SOP of Emergency Preparedness and 

Response (GDE-DIENG-HSE-SOP-014) 
• Provide PPE (helmet, safety boots) as SOP 

of PPE (GDE-DIENG-HSE-SOP-012) 
• First Aid kits at site as SOP of First aid 

(GDE-DIENG-HSE-SOP-048) 

4A (M) 

03. Dynamic Situation Hazard 
Brine 
Booster 
Pump 

Pump being out of balance 
(due to erosion, corrosion, 
seal failure, scaling) could 
lead to over flow in the 
pond. Potentially 
contaminate the ground 
water nearby the area and 
damage the plantation. 

 
Location: 

a. Unit 1: Well pad 7, 29, 30 
b. Unit 2: Well pad 7, 9, 10, 30, 

31 

3C (H) • Appropriate selection of pump based on 
standard 

• Preventive Maintenance  System 
• Flow Valve Close 
• Back Up Pump starts running 
• SOP of Farmer Claim Handling (GDE-

DIENG-HSE-SOP-039) 

 

 

3B (M) 

Acid Feed 
Pump (X-
156A&B, X-

Pump being out of balance 
(due to erosion, seal failure) 
could give rise to vibration, 

3C (H) • Appropriate selection of pump based on 
standard 

• Preventive Maintenance  System 

3B (M) 



159A&B, X-
160) 

and overheat leading to 
failure of acidification. 

 
Location: 

a. Unit 1: Well pad 7, 29, 30 
b. Unit 2: Well pad 7, 9, 10, 30, 

31  

• Basic Process Control System 
• Back Up Pump starts running 
• Provide PPE (helmet, safety boots) as SOP 

of PPE (GDE-DIENG-HSE-SOP-012) 
• First Aid kits at site as SOP of First aid 

(GDE-DIENG-HSE-SOP-048) 

  
Wellhead 
Collision by 
vehicles 

Drive without following 
predetermined rules/ lack 
of maneuvering room, 
leading to damages to pipe, 
resulting injury, leakage of 
pipe fluid and explosion. 

 
Location:  

a. Unit 1: Well pad & injection 
7, 28, 29, 30, and 31. 

b. Unit 2: Well pad 7, 9, 10, 30, 
31  

3B (M) • Install Warning Signs 
• SOP of Pipe Rupture (GDE-DIENG-HSE-

SOP-022-R1) 
• SOP of Driving Vehicle (GDE-DIENG-HSE-

SOP-023-R1) 
• SOP of Parking Management (GDE-

DIENG-HSE-SOP-024-R1 ) 
• Provide PPE (helmet, safety boots) as SOP 

of PPE (GDE-DIENG-HSE-SOP-012) 
• First Aid kits at site as SOP of First aid 

(GDE-DIENG-HSE-SOP-048) 

 

3A (L) 

Gathering 
Pipeline 
Collision by 
vehicles 

Drive without following 
predetermined rules/ lack 
of maneuvering room, 
leading to damages to pipe, 
resulting injury, leakage of 
pipe fluid and explosion. 

 
Location:  

a. Unit 1: Gathering Pipeline. 
b. Unit 2: Gathering Pipeline. 

 

3C (H) • Install Warning Signs 
• SOP of Pipe Rupture (GDE-DIENG-HSE-

SOP-022-R1) 
• SOP of Driving Vehicle (GDE-DIENG-HSE-

SOP-023-R1) 
• SOP of Parking Management (GDE-

DIENG-HSE-SOP-024-R1 ) 
• Provide PPE (helmet, safety boots) as SOP 

of PPE (GDE-DIENG-HSE-SOP-012) 
• First Aid kits at site as SOP of First aid 

(GDE-DIENG-HSE-SOP-048) 

3B (M) 

04. Corrosive Substances Hazard 
Brine Brine pipe is stuck due to 

scaling formed in the 
internal pipe surface 
leading to pond overflow 
and eventually contaminate 
to the subsurface water. 
(contaminate environment) 

 

4E (E) • Equipment design and material selection 
• Regular inspections and maintenance of 

ponds 
• SOP of Farmer Claim Handling (GDE-

DIENG-HSE-SOP-039) 

 

4B (H) 



Location:  

a. Unit 1: Well pad 7, 28, 29, 
30, and 31, Power Plant. 

b. Unit 2: Well pad 7, 9, 10, 30, 
31 Power Plant. 

 
H2S Sufficient H2S causes sour 

corrosion and Sulphide 
Stress Cracking in high 
strength steel, leading to 
leak and potential rupture 
of well equipment. H2S 
exposed to the wet 
atmosphere (humid) 
potentially promote severe 
corrosion on the metal steel 
roofing of community 
house. 

 
Location:  

a. Unit 1: Well pad 7, 28, 29, 
30, and 31, Power Plant. 

b. Unit 2: Well pad 7, 9, 10, 30, 
31, Power Plant. 

4D (E) • Corrosion Allowance 
• Inspection techniques for surface 

equipment 
• Monitoring water analyses (pH, Fe2+, 

etc.) 
• Utilization of coating or corrosion 

resistance alloys (CRA)  for equipment 

4C (H) 

CO2 Lowering the pH and in 
sufficient quantities of CO2 
may promote general 
corrosion and / or pitting 
corrosion, leading to leak 
and potential rupture of 
well equipment. CO2 
exposed to the humid air 
causes acid containing 
atmosphere which 
potentially promote severe 
corrosion on the metal steel 
roofing of community 
house. 

 
 

4B (H) • Regular Inspections 
• Preventive Maintenance 
• Acidification 
• Monitoring Chemical Dosing 

4B (H) 



Location:  

a. Unit 1: Well pad 7, 28, 29, 
30, and 31, Power Plant. 

b. Unit 2: Well pad 7, 9, 10, 30, 
31, Power Plant. 

Chloride (Cl) Enhanced corrosion (general, 
pitting corrosion and stress 
corrosion cracking) of well 
equipment leading to leak 
and rupture. Cl exposed to 
the humid air causes acid 
containing atmosphere 
which potentially promote 
severe corrosion on the 
metal steel roofing of 
community house. 

 
 
Location:  

a. Unit 1: Well pad 7, 28, 29, 
30, and 31, Power Plant. 

b. Unit 2: Well pad 7, 9, 10, 30, 
31, Power Plant. 

4B (H) • Corrosion Allowance 
• Application of corrosion inhibitors for  

carbon steel 
• Corrosion monitoring 
• Inspection techniques for surface 

equipment 
• Monitoring water analyses (pH, Fe2+, 

etc.) 
• Utilization of coating or corrosion 

resistance alloys (CRA)  for equipment 

4A (M) 

Descaling 
Chemical 
(Acidificatio
n) 

Corrosion and potential 
damage to the well 
equipment and surface 
equipment if incorrect 
concentration and type. 
Corrosion leading to leak 
and damage of well 
equipment. Brine and gases 
release to the atmosphere 
and contaminate promote 
severe corrosion on the 
metal steel roofing of 
community house. 

 
Location:  

a. Unit 1: Well pad 7, 28, 29, 
30, and 31 

4B (H) • Proper Operating Procedures 
• Training and awareness of personnel 
• Monitoring Chemical Dosing 

 

4B (H) 



b. Unit 2: Well pad 7, 9, 10, 30, 
31 

 
Dissolved 
Solids and 
Chemical 

Precipitated sand cause 
erosion particularly most 
severe in wellhead, surface 
equipment and subsurface 
pumps, blockage of flow, 
incomplete scaling can lead 
to Under Deposit Corrosion 
leading to leak and damage 
of well equipment. Brine 
and gases release to the 
atmosphere and 
contaminate promote 
severe corrosion on the 
metal steel roofing of 
community house. 

  
Location:  

a. Unit 1: Well pad 7, 28, 29, 
30, and 31. 

b. Unit 2: Well pad 7, 9, 10, 30, 
31. 

 

4C (H) • Proper design of the geothermal plant 
and selection of operating 

• pH adjustment 
• Use of chemical additives (inhibitors or 

acidification) 
• The removal of deposits by chemical or 

mechanical means 
• Prevent production of solids for example 

sand-screens in the well 
• Biocides or disinfectants may be added to 

the fluids to prevent microbiologically 
catalyzed mineral precipitation 

• Used “hard-facing” of critical locations 
such as components in flow control 
(choke) valves or in pumps 

4B (H) 

Water 
Borne 
Bacteria 

Potential for microbiologically 
influenced corrosion mostly 
on shut-in wells 
(particularly water injector), 
outer annulus spaces and 
external side of casing 
leading to leakage and 
contaminate the 
surrounding subsurface 
water. 

 
Location:  

a. Unit 1: Well pad 7, 28, 29, 
30, and 31. 

b. Unit 2: Well pad 7, 9, 10, 30, 

4B (H) • Continuous application of biocides 
combined with chemical cleaning 
(descaling). 

• Maintain flow velocities above minimum 
levels will control micro-organisms. 

• The presence of micro-organisms can be 
monitored by sampling and laboratory 
analysis (MPN – most probable number 
method) 

• SOP of Farmer Claim Handling (GDE-
DIENG-HSE-SOP-039) 

 
 
 
  

4A (M) 



31. 

External 
aggressive  
aquifers 

External corrosion attack of 
casing leading to budding 
and well collapse leading to 
leakage and contaminate 
the surrounding subsurface 
water. 

 
Location:  

a. Unit 1: Well pad 7, 28, 29, 
30, and 31, Power Plant. 

b. Unit 2: Well pad 7, 9, 10, 30, 
31, Power Plant. 

 

4B (H) • Cement design to ensure casing 
protection 

• Application of cathodic protection for 
casing. 

4B (H) 

05. Hot Surfaces 
Process 
piping 

Direct contact leading to 
personal injury and / or 
asset damage  

 
Location:  

a. Unit 1: Well pad 7, 28, 29, 
30, and 31, Gathering 
System, Power Plant. 

b. Unit 2: Well pad 7, 9, 10, 30, 
31, Gathering System, 
Power Plant. 

 
 

3B (M) • Insulation pipe/ surface equipment 
• SOP operation, including inspection 

protocol 
• Provide PPE (helmet, safety boots) as SOP 

of PPE (GDE-DIENG-HSE-SOP-012) 
• First Aid kits at site as SOP of First aid 

(GDE-DIENG-HSE-SOP-048) 

 

Recommended additional measures: 

• Repair damaged insulation on the loop 
pipeline in gathering system, especially at 
location near volcanology Research 
Center and well pad 9. 

 

3A (L) 

06. Electricity 
Short Circuit Short Circuit leading to fire 

and explosion. 
5A (H) • Proper electricity installation based on oil 

& gas standard. 
5A (H) 



 
Location:  

a. Unit 1: Well pad 7, 28, 29, 
30, and 31, Gathering 
System, Power Plant. 

b. Unit 2: Well pad 7, 9, 10, 30, 
31, Gathering System, 
Power Plant. 

 

• SOP of Fire Handling (GDE-DIENG-HSE-
SOP-020-R1 

• Fire System (P&ID 20262-05-32162) 
• Fire Hydrant/Extinguisher, Sprinkler 

system 
• Provide PPE (helmet, safety boots) as SOP 

of PPE (GDE-DIENG-HSE-SOP-012) 
• First Aid kits at site as SOP of First aid 

(GDE-DIENG-HSE-SOP-048) 

 
07. Toxic Gas 
Atmospheric 

emission 
e.g. CO2, 
H2S (NCG) 

The silencer discharge 
contains H2S and CO2 that 
could affect air quality 

 
 
Location:  

a. Unit 1: Well pad 7, 28, 29, 
30, and 31 

b. Unit 2: Well pad 7, 9, 10, 
30, 31  

 

4C (H) • Regular air ambient quality monitoring by 
HSE Division 

• SOP of Monitoring and Measuring (GDE-
DIENG-HSE-SOP-008) 

 
Recommended additional measures: 

• Re-design engineering silencer to install 
H2S absorber by EPC Contractor 

 

4B (H) 

Acid Rain (H2S, SO2, CO2), 
potentially affecting farm 
land and corrosion on steel 
roofing of community 
house. 

 
 
 
Location:  

a. Unit 1: Well pad 7, 28, 29, 
30, and 31 

b. Unit 2: Well pad 7, 9, 10, 
30, 31 

5C (E) • Air ambient quality monitoring by HSE 
Division 

• SOP of Monitoring and Measuring (GDE-
DIENG-HSE-SOP-008) 

 

5B (H) 



H2S Exposure Potential to accumulate in 
cellar as it is denser than 
air. Leading to health 
damage of personnel. 

 
Location:  

a. Unit 1: Well pad 7, 28, 29, 
30, and 31 

b. Unit 2: Well pad 7, 9, 10, 
30, 31 

 

5E (E) • Worker Safety Training 
• H2S Detector 
• H2S Monitoring 
• Adequate ventilation of occupied building 
• SOP of Toxic Gas Handling (GDE-DIENG-

HSE-SOP-017-R1 ) 
• SCBA for ERT 
• Provide PPE (helmet, safety boots) as SOP 

of PPE (GDE-DIENG-HSE-SOP-012) 
• First Aid kits at site as SOP of First aid 

(GDE-DIENG-HSE-SOP-048) 
• Develop SOP of toxic gas handling of Unit 

2. 

5B (H) 

Nearby communities exposed 
to H2S from silencer, 
causing eye irritation, bad 
odor and headache. 

 
 
Location:  

a. Unit 1: Well pad 7, 28, 29, 
30, and 31 

b. Unit 2: Sensitive Receptors 

3D (E) • SOP of Toxic Gas Handling (GDE-DIENG-
HSE-SOP-017-R1 ) 

• Develop SOP for Toxic Gas Handling for 
Unit 2. 

 
Recommended additional measures: 

 
• Community counseling/simulation to 

handling H2S exposure by GDE Peduli 
(CSR) or third party. 

3D (E) 

08. Toxic Fluid 
Brine Brine in the pond overflow, 

leading to damage of 
ground water, damage of 
farmland 

 
Location:  

a. Unit 1: Well pad 7, 28, 29, 
30, and 31 

b. Unit 2: Well pad 7, 9, 10, 30, 
31 

3D (E) • Sand sack used as dike for the overflow 
brine. 

 
Recommended additional measures 

• Pond dimension is not proper to 
accommodate brine (Well pad 30 and 
Well Pad 10) 

3D (E) 

09. Refined Hydrocarbon 
Diesel 
Leakage 

Diesel Fuel Pipe/Storage 
leakage or spill leading to 
health impact to the 
worker, contamination to 

3C (H) • Proper Design of Emergency Diesel 
Generator 

• SOP of hazardous material waste spill for 
Unit 1 (GDE-DIENG-HSE-SOP-040-R1 

3B (M) 



the environment. 
Location:  

a. Unit 1: Power Plant. 
b. Unit 2: Power Plant. 

 
 

• Provide PPE (helmet, safety boots) as SOP 
of PPE (GDE-DIENG-HSE-SOP-012) 

• First Aid kits at site as SOP of First aid 
(GDE-DIENG-HSE-SOP-048) 

• Develop SOP of hazardous material waste 
spill of Unit 2. 

Lube Oil 
Spill 

Lube oil Pipe/ Storage leakage 
or spill leading to health 
damage to the worker, 
contamination to the 
environment. 

 
Location:  

a. Unit 1: Well pad 7, 28, 29, 
30, and 31, Power Plant. 

b. Unit 2: Well pad 7, 9, 10, 30, 
31, Power Plant. 

3C (H) • SOP of hazardous material waste spill 
(GDE-DIENG-HSE-SOP-040-R1 

• Provide PPE (helmet, safety boots) as SOP 
of PPE (GDE-DIENG-HSE-SOP-012) 

• First Aid kits at site as SOP of First aid 
(GDE-DIENG-HSE-SOP-048) 

 

3B (M) 

12. Environmental Hazards 
Non 
Hazardous 
Waste 

Stacked Pipe 
 
Location:  
Unit 1: Well pad 7 
 
 
 
 
 
 
 
 

2C (M) • SOP of Non Hazardous Material Waste 
Handling (GDE-DIENG-HSE-SOP-038-R1) 

 
Identified Gaps: 

• Make a specific backfill to stack the pipe. 
• Pipe positions have to be aligning with 

ground. 
 

 
 
 
 
 
 
 

2B (L) 

Garbage from general 
activities. 

 
Location:  

a. Unit 1: Well pad 7, 28, 29, 

2C (M) • SOP of Non Hazardous Material Waste 
Handling (GDE-DIENG-HSE-SOP-038-R1) 

 

2B (L) 



30, and 31, Gathering 
System, Power Plant. 

b. Unit 2: Well pad 7, 9, 10, 30, 
31, Gathering System, 
Power Plant. 

Hazardous 
Substance 
Waste 

Silica Compounds around the 
pond and scaling pipe. 

 
Location:  

a. Unit 1: Well pad 7, 28, 29, 
30, and 31 

b. Unit 2: Well pad 7, 9, 10, 30, 
31 

 

3C (H) • Collected in the pond side. 

 
Recommended additional measures: 

• Make specific place for collected silica 
from all well pad (Unit 7, Unit 28 and Unit 
30) 

• GDE had SOP for hazardous material 
waste management, but this SOP does 
not cover silica. Recommend to elaborate 
about silica waste management. 

3B (M) 

Hazardous chemical container 
 
Location:  

a. Unit 1: Power Plant. 
b. Unit 2: Power Plant. 

3C (H) • SOP of Hazardous Material Waste 
Handling (GDE-DIENG-HSE-SOP-037-R1) 

3B (M) 

Geological 
Hazard 

Earthquake 
 
Location:  

a. Unit 1: Well pad 7, 28, 29, 
30, and 31, Gathering 
System, Power Plant. 

b. Unit 2: Well pad 7, 9, 10, 30, 
31, Gathering System, 
Power Plant. 

5B (H) • Emergency Drill with worker 
• SOP of Earthquake Evacuation (GDE-

DIENG-HSE-SOP-015-R1) 

5B (H) 

Landslide 
 
Location:  

a. Unit 1: Well pad 7, 28, 29, 
30, and 31, Gathering 
System, Power Plant. 

b. Unit 2: Well pad 7, 9, 10, 30, 
31, Gathering System, 
Power Plant. 

4D (E) • Emergency Drill (early warning system) 
with worker and community (in Ds. 
Pranten at 21 June 2019) 

• SOP of Landslides (GDE-DIENG-HSE-SOP-
018-R1) 

2D (H) 

13. Noise 



Noise 
Pollution 

When separator drain the 
brine to Atmospheric Flash 
Tank, resulting noise due to 
reducing brine pressure in 
separator to atmospheric 
pressure leading to noisy 
sound that arise complaints 
from neighbors. 

 
Location:  

a. Unit 1: Well pad 7, 28, 29, 
30, and 31. 

b. Unit 2: Well pad 7, 9, 10, 30, 
31.  

 

3C (H) • Regular noise monitoring as per 
approved monitoring plan 

• Unit 2 will apply international good 
practice for noise control 

 

Recommended additional measures: 

• Establish and maintain grievance redress 
mechanism (GRM) Sharing information to 
nearby community. 

 
 

3C (H) 

 Steam Purifier Vent noise 
potential to hearing 
damage of personnel 

 
 
Location:  

a. Unit 1: Power Plant. 
b. Unit 2: Power Plant. 

 
 

2D (H) • Proper structure design of cooling tower 
• Warning Sign 
• SOP of Turbine / generator 

operation/maintenance 
• Regular noise monitoring 
• Steam Vent Silencer 
• Provide PPE (helmet, safety boots) as SOP 

of PPE (GDE-DIENG-HSE-SOP-012) 
• First Aid kits at site as SOP of First aid 

(GDE-DIENG-HSE-SOP-048) 

 
Recommended Additional measures: 

• EPC contractor to conduct detailed noise 
modeling to confirm compliance with 
relevant noise standard (55dB/45dB day-
time and night-time noise at nearest 
sensitive receptor) 

 

2B (L) 

Geothermal fluid pressure is 
above the set limit during 
operation, start up, shut 
down or trip and exceeded 
to the vent causing hearing 
damage of personnel and 

2C (M) • Proper process flow design to anticipate 
overpressure 

• Rock Muffler 
• Provide PPE (helmet, safety boots) as SOP 

of PPE (GDE-DIENG-HSE-SOP-012) 

 

2B (L) 



nearby community 
 
Location:  

a. Unit 1: Well pad 7, 28, 29, 
30, and 31. 

b. Unit 2: Well pad 7, 9, 10, 30, 
and 31. 

14. Use of Natural Resources 
Water Water use for condenser is not 

injected back to the ground 
leading to depleting of 
water resources and 
unbalance ecology system. 

 
Location:  

a. Unit 1: Power Plant. 
b. Unit 2: Power Plant. 

4B (H) • By-Pass to blow down pump to be 
injected back to the ground 

• SOP of Nature Source Management 
(GDE-DIENG-HSE-SOP-041) 

4A (M) 

15. Security Related Hazard 
Mass 
Demonstrati
on 

Operational activities give 
negative impact to the 
community leading to bad 
reputation and social 
impact. 

 
Location:  

a. Unit 1: Power Plant. 
b. Unit 2: Power Plant. 

4D (E) • Security risk assessment,  
• Security control at the site entrance and 

around the site.  
• Fencing around drill site,  
• Crew awareness 
• SOP of Farmer Claim Handling (GDE-

DIENG-HSE-SOP-039) 
• SOP of Mass Demonstration Handling 

(GDE-DIENG-HSE-SOP-050) 

4B (H) 

Intruders Sabotage causing fire or loss 
production potential to 
personal injury, downtime, 
damage to asset, 
reputation, and social 
impact  

 
Location:  

a. Unit 1: Well pad 5, 7, 28, 29, 
30, and 31, Gathering 
System, Power Plant. 

b. Unit 2: Well pad 7, 9, 10, 14, 
15, 30, 31, Gathering 

2D (H) • Security risk assessment  
• Fencing around well pads, continuous 

security control at most pads 
• Crew awareness 
• Disciplinary Procedures 
• SOP of Limitation of Entry Permit (GDE-

DIENG-HSE-SOP-046)  

 
Recommended additional measures: 

• Improve access control to existing well 
pads 5, 7, 9, 14 and 15 including fencing, 
gate and security guard. 

2B (L) 



System, Power Plant. 
Theft causing loss asset 

potential to  personal 
injury, downtime, damage 
to asset, reputation, and 
social impact 

 
Location:  

a. Unit 1: Well pad 5, 7, 28, 29, 
30, and 31, Gathering 
System, Power Plant. 

b. Unit 2: Well pad 7, 9, 10, 14, 
15, 30, 31, 38, Gathering 
System, Power Plant. 

 
 

2D (H) • Security risk assessment 
• Security control at the site entrance and 

around the site.  
• Fencing around well pads site 
• Crew awareness 
• SOP of Emergency Preparedness and 

Response (GDE-DIENG-HSE-SOP-014) 
• SOP of Limitation of Entry Permit (GDE-

DIENG-HSE-SOP-046) 

  

Recommended additional measures: 

• Improve access control to all existing well 
pads most importantly well pads 5, 7, 9,S 
14 and 15 including fencing, gate and 
security guard. 

2B (L) 

 

 

 

 

 

 

 



Appendix 2:  Identified risks without (left) and with (right) mitigation measures, Construction 
Phase at Dieng Facility 

Hazard Description (scenario) 

Risk 
category 
(without 

mitigation 
measure) 

Key risk mitigation measures by GDE (actual 
or proposed); key identified gaps 

(additional measures) 

Risk 
category 

(with 
mitigation 
measures) 

Unit 2 (Construction) 
01. Pressure/Explosive Hazard 
Geothermal 
Fluid at High 
Pressure 

Kick leading to asset damage, 
personal injuries, and 
blowout. 
 
Location: 
a. Unit 2: Well 
production 7 (GDP 7D), 9 (GDP 
9C/D), 10 (10 C/D/E), 29 (GDP 
29 B/C), 30 (GDP 30B), 31 
(GDP 31 A), 33 (GDP 33 A/B). 
 

5C (E) Measures: 
• Dieng Feasibility Study (well design, BOP 

System, crew competency & certified.) 
• Good well design, hydrocarbon risk 

assessment, development of risk register 
from the BOD and updating same through 
the whole well cycle, independent 
verification process. 

• Interpretation of seismic data 
• Use of diverter and/or BOP system. Good 

drilling practices (controlled ROP, curing 
losses, pump out of hold to prevent 
swabbing). 

• Ex certified equipment + Crew 
competency to identify and deal with 
kick/influx, crew positions, training (kick 
drills). 

• SOP of Permit to Work (GDE-DIENG-HSE-
SOP-034) & SOP of Lock Out Tag Out (GDE-
DIENG-HSE-SOP-047) 

• SOP of Blow Out (GDE-DIENG-HSE-SOP-
016-R1) 

5A (H) 

03. Dynamic Situation Hazards 
On-land 
transport 
(traffic 
safety) 

• Accident during 
driving to and from location 
and camps, etc. 
• Accident during 
transportation of material. 
• Accident during 
moving drilling rigs and works 
over rigs. 

5B (H) • Temporary traffic management plan 
• Good housekeeping.  
• Good site control and adherence to traffic 

laws 

5A (H) 



• Accident during 
operate excavator. 
 
 
Location: 
a. Unit 2: Well 
production 7 (GDP 7D), 9 (GDP 
9C/D), 10 (10 C/D/E), 29 (GDP 
29 B/C), 30 (GDP 30B), 31 
(GDP 31 A), 33 (GDP 33 A/B), 
Gathering System, Power 
Plant. 
 

Rotating 
Equipment 

Failures/errors leading to 
injury / asset damage 
 
Location: 
a. Unit 2: Well 
production 7 (GDP 7D), 9 (GDP 
9C/D), 10 (10 C/D/E), 29 (GDP 
29 B/C), 30 (GDP 30B), 31 
(GDP 31 A), 33 (GDP 33 A/B), 
Gathering System, Power 
Plant. 
 

3C (H) • Adequate designs standards 
• warning signs 
• Installation of protective covers. 

3B (M) 

Pipe stringing Pipe lifting failure leading to 
injury, damage assets. 
 
Location: 
a. Unit 2: Gathering 
System, Power Plant. 
 
 

4B (H) • Warning Sign 
• Forbidden Work Area (border line) 
 

4A (M) 

Crane 
Activities 

 
Item lifting failure leading to 
injury, damage assets. 
 
Location: 
a. Unit 2: Power Plant. 
 

4B (H) • Warning Sign 
• Forbidden Work Area (border line) 
 

4A (M) 

04. Corrosive Substance Hazard 



Brine Corrosion and damage to 
drilling equipment, asset, 
impact to environment and/or 
injury to personal 
 
Location: 
Unit 2: Well production 7 (GDP 
7D), 9 (GDP 9C/D), 10 (10 
C/D/E), 29 (GDP 29 B/C), 30 
(GDP 30B), 31 (GDP 31 A), 33 
(GDP 33 A/B), Gathering 
System, Power Plant. 

3C (H) • Equipment design 
• Regular inspections and preventive 

maintenance, 
• Correct use of PPE 
• Wall thickness measurements, 
• Safety Data Sheets 
• Liquid tight asphalt. 

3B (M) 

Well 
Stimulation 
Fluid (HF / 
HCl) 

Corrosion and damage to 
drilling equipment, asset, 
impact to environment and/or 
injury to personal 
 
Location: 
Unit 2: Well production 7 (GDP 
7D), 9 (GDP 9C/D), 10 (10 
C/D/E), 29 (GDP 29 B/C), 30 
(GDP 30B), 31 (GDP 31 A), 33 
(GDP 33 A/B), Gathering 
System, Power Plant. 
 

3C (H) • Equipment design  
• Regular inspections and preventive 

maintenance 
• Correct use of PPE 
• Wall thickness measurements 
• Safety Data Sheets 
• Liquid tight asphalt. 

3B (M) 

Caustic Soda, 
Drilling Fluid 
Additive 

Corrosion and damage to 
drilling equipment, asset, 
impact to environment and/or 
injury to personal 
 
Location: 
Unit 2: Well production 7 (GDP 
7D), 9 (GDP 9C/D), 10 (10 
C/D/E), 29 (GDP 29 B/C), 30 
(GDP 30B), 31 (GDP 31 A), 33 
(GDP 33 A/B), Gathering 
System, Power Plant. 
 

3C (H) • Equipment design  
• Regular inspections and preventive 

maintenance 
• Correct use of PP 
• Wall thickness measurements 
• Safety Data Sheets 
• Liquid tight asphalt. 

3B (M) 

HF / Other 
adds for 
stimulation 

Corrosion and damage to 
drilling equipment, asset, 
impact to environment and/or 

3C (H) • Equipment design 
• Regular inspections and preventive 

maintenance 

3B (M) 



injury to personal 
 
Location: 
Unit 2: Well production 7 (GDP 
7D), 9 (GDP 9C/D), 10 (10 
C/D/E), 29 (GDP 29 B/C), 30 
(GDP 30B), 31 (GDP 31 A), 33 
(GDP 33 A/B), Gathering 
System, Power Plant. 
 

• Correct use of PPE 
• Wall thickness measurements 
• Safety Data Sheets 
• Liquid tight asphalt. 

Mud 
additives  

Corrosion of equipment, asset 
damage, personal injury. 
 
Location: 
Unit 2: Well production 7 (GDP 
7D), 9 (GDP 9C/D), 10 (10 
C/D/E), 29 (GDP 29 B/C), 30 
(GDP 30B), 31 (GDP 31 A), 33 
(GDP 33 A/B), Gathering 
System, Power Plant. 
 

3C (H) • Dedicated storage area, crew competency 
• Training 
• Awareness 
• Supervision 
• Correct use of PPE 
• Wall thickness measurements 
• Safety Data Sheets 
• Liquid tight asphalt. 

3B (M) 

Discharge of 
chemicals 

Corrosion of equipment, asset 
damage, personal injury. 
 
Location: 
Unit 2: Well production 7 (GDP 
7D), 9 (GDP 9C/D), 10 (10 
C/D/E), 29 (GDP 29 B/C), 30 
(GDP 30B), 31 (GDP 31 A), 33 
(GDP 33 A/B), Gathering 
System, Power Plant. 
 

3C (H) • Dedicated storage area, crew competency 
• Training 
• Awareness 
• Supervision 
• Correct use of PPE 
• Wall thickness measurements 
• Safety Data Sheets 
Liquid tight asphalt. 

3B (M) 

Discharge of 
drilling 
effluents 

Corrosion of equipment, asset 
damage 
 
Location: 
Unit 2: Well production 7 (GDP 
7D), 9 (GDP 9C/D), 10 (10 
C/D/E), 29 (GDP 29 B/C), 30 
(GDP 30B), 31 (GDP 31 A), 33 
(GDP 33 A/B), Gathering 

3C (H) • Dedicated storage area, crew competency 
• Training 
• Awareness 
• Supervision 
• Correct use of PPE 
• Wall thickness measurements 
• Safety Data Sheets 
Liquid tight asphalt. 

3B (M) 



System, Power Plant. 
 

05. Hot Surfaces 
Drilling 
piping /  
wellhead 

Direct contact leading to 
personal injury and / or asset 
damage 
 
Location: 
Unit 2: Well production 7 (GDP 
7D), 9 (GDP 9C/D), 10 (10 
C/D/E), 29 (GDP 29 B/C), 30 
(GDP 30B), 31 (GDP 31 A), 33 
(GDP 33 A/B), Gathering 
System, Power Plant. 

3B(M) • Limited access. 
• Operator training and awareness. 
• Job Safety Analysis (GDE-DIENG-SOP-042) 
• Provide PPE (helmet, safety boots) as SOP 

of PPE (GDE-DIENG-HSE-SOP-012) 
• First Aid kits at site as SOP of First aid 

(GDE-DIENG-HSE-SOP-048) 
 

3A (L) 

06. Hot Fluids 
Hot 
Geothermal 
Fluid 
Exposure 

Direct contact leading to 
personal injury and / or asset 
damage 
 
Location: 
Unit 2: Well production 7 (GDP 
7D), 9 (GDP 9C/D), 10 (10 
C/D/E), 29 (GDP 29 B/C), 30 
(GDP 30B), 31 (GDP 31 A), 33 
(GDP 33 A/B), Gathering 
System, Power Plant. 
 

4B (H) • Drilling program design ensure adequate 
cement bond. 

• GDE carried out to confirm with 
remediation if problems identified 

4A (M) 

07. Electricity 
Electricity 
Shock 

Faulty wiring in drilling site 
potential to personnel injury. 
 
Location: Unit 2 Well Pad, 
Gathering System and Power 
Plant 
 

3C (H) • High voltage supply has to be correctly 
designed and installed 

• Provide PPE (helmet, safety boots) as SOP 
of PPE (GDE-DIENG-HSE-SOP-012) 

• First Aid kits at site as SOP of First aid 
(GDE-DIENG-HSE-SOP-048) 

•  

3A (L) 

Electrostatic 
Energy 

Potential for electrostatic 
build up if failure to ground 
electrical  
Circuits at MCC/Switchgear 
potentially 
 

3C (H) • All equipment grounded 
• Provide PPE (helmet, safety boots) as SOP 

of PPE (GDE-DIENG-HSE-SOP-012) 
• First Aid kits at site as SOP of First aid 

(GDE-DIENG-HSE-SOP-048) 
 

3A (L) 



Location: Unit 2 Well Pad, 
Gathering System and Power 
Plant 
 

Loss of 
electrical 
supply 

Location: Unit 2 Well Pad, 
Gathering System and Power 
Plant 
 
Loss of construction time. 
Potentially receive complaints 
from the community due to 
more disturbance time. 

2C (M) • Emergency Diesel Generator 2B (L) 

08. Toxic Gas 
Atmospheric 
emission e.g. 
CO2, H2S 
(NCG) 

Gas coming out from Brine 
solution leading to respiratory 
issues/personal injury, metal 
cracking/corrosion leading to 
assets damage, downtime due 
to H2S management. 
 
Location: 
Unit 2: Well production 7 (GDP 
7D), 9 (GDP 9C/D), 10 (10 
C/D/E), 29 (GDP 29 B/C), 30 
(GDP 30B), 31 (GDP 31 A), 33 
(GDP 33 A/B), Gathering 
System, Power Plant 
 

4C (H) • Air ambient quality monitoring 
 

4B (H) 

H2S Exposure Potential to accumulate in 
cellar as it is denser than air. 
Leading to health damage of 
personnel. 
 
Location:  
a. Unit 1: Well 
production 7, 28, 29, 30, and 
31 
b. Unit 2: Well 
production & Injection 7, 9, 10, 
29, 30, 31, 33 
 

5E (E) • Worker Safety Training 
• H2S Detector 
• H2S Monitoring 
• Adequate ventilation of occupied building 
• SOP of Toxic Gas Handling (GDE-DIENG-

HSE-SOP-017-R1 ) 
• SCBA for ERT 
• Provide PPE (helmet, safety boots) as SOP 

of PPE (GDE-DIENG-HSE-SOP-012) 
• First Aid kits at site as SOP of First aid 

(GDE-DIENG-HSE-SOP-048) 
• Develop SOP of toxic gas handling of Unit 

2. 

5B (H) 



 
 

 Nearby communities exposed 
H2S from silencer causing eye 
irritation, bad odor and 
headache. 
 
 
Location:  
a. Unit 1: Well 
production 7, 28, 29, 30, and 
31 
b. Unit 2: Sensitive 
Receptor 
 
 

3D (E) Recommended additional measures: 
Community counseling/simulation to handling 

H2S exposure by GDE Peduli (CSR) or third 
party. 

3B (M) 

Fumes and 
Gases 

• Welding 
• Saw Machine 
 
 
Location: Unit 2 Well Pad, 
Gathering System and Power 
Plant 
 

5B (H) • Worker Safety Training 
• H2S Detector (portable and installed) 
• SBCA 
• First Aid 

5A (H) 

09. Toxic Fluid 
Spent 
Geothermal 
Fluids 

Geothermal condensate may 
be characterized by high 
temperature, low pH, and 
heavy metals content. 
 
Location: 
Unit 2: Well production 7 (GDP 
7D), 9 (GDP 9C/D), 10 (10 
C/D/E), 29 (GDP 29 B/C), 30 
(GDP 30B), 31 (GDP 31 A), 33 
(GDP 33 A/B) 
 

3C (H) • Carefully evaluating potential 
environmental impacts of geothermal fluid 
discharges depending on the selected 
cooling system; 

• Waste management procedures,  
• Containment of fluids on site,  
• Supervision,  
• SOP of Job Safety Analysis 

(GDE.PTH/HSE/SOP.011/FRM.002) 
• Crew competency, 
• Good house keeping 

3B (M) 

Epoxy • Respiratory irritation 
occurs to throat 
• Eye contact 
 

3B (M) • SOP of Toxic Gas Handling (GDE-DIENG-
HSE-SOP-017-R1) 

• MSDS (Material Safety Data Sheet) 
• Provide PPE (helmet, safety boots) as SOP 

3A (L) 



Location: Unit 2 Well Pad, 
Gathering System and Power 
Plant 
 

of PPE (GDE-DIENG-HSE-SOP-012) 
• First Aid kits at site as SOP of First aid 

(GDE-DIENG-HSE-SOP-048) 
 

Paint Coat • Respiratory irritation 
occurs to throat 
• Eye contact 
 
Location: Unit 2 Well Pad, 
Gathering System and Power 
Plant 
 

3B (M) • SOP of Chemical and Hazardous Material 
Handling (GDE-DIENG-HSE-SOP-025) 

• MSDS (Material Safety Data Sheet) 
• Provide PPE (helmet, safety boots) as SOP 

of PPE (GDE-DIENG-HSE-SOP-012) 
• First Aid kits at site as SOP of First aid 

(GDE-DIENG-HSE-SOP-048) 

3A (L) 

10. Toxic Solid 
Saw Dust If detected more than 

threshold would potential to 
health damage 
 
Location: Unit 2 Well Pad, 
Gathering System and Power 
Plant 
 

3B (M) •  Provide PPE (helmet, safety boots) as SOP 
of PPE (GDE-DIENG-HSE-SOP-012) 

 

3A (L) 

Cement Dust Inhalation leading to personal 
injury (skin irritation, eye 
irritation) environmental 
pollution and reputational 
issue. 
 
Location: Unit 2 Well Pad, 
Gathering System and Power 
Plant 
 

3C (H) • Design of equipment 
• crew awareness 
• crew competency 
• supervision 
• correct use of PPE 
• Emergency responses procedures 
• first aid 
• Safety Data sheets 
• Liquid tight asphalt. 

3B (M) 

Sodium 
hypochlorite/ 
bicarbonate 
drilling fluid 
additive 

Ingestion / direct contact 
leading to personal injury 
 
Location: 
Unit 2: Well production 7 (GDP 
7D), 9 (GDP 9C/D), 10 (10 
C/D/E), 29 (GDP 29 B/C), 30 
(GDP 30B), 31 (GDP 31 A), 33 
(GDP 33 A/B). 

3C (H) • Waste management procedures,  
• Containment of fluids on site,  
• Supervision,  
• SOP of Job Safety Analysis  
• Crew competency, 
• Good house keeping 

3B (M) 



Powdered 
mud additive 

Refer to Cement Dust 3C (H)  3B (M) 

Water based 
muds 

Refer to Cement Dust 3C (H)  3B (M) 

Cement 
Slurries 

Refer to Cement Dust 3C (H)  3B (M) 

11. Refined Hydrocarbon 
Lube/Hydraul
ic oil leakage 

Lube oil Pipe/Storage leakage 
or spill leading to health 
damage to the worker, 
contamination to the 
environment. 
 
Location: 
Unit 2: Well production 7 (GDP 
7D), 9 (GDP 9C/D), 10 (10 
C/D/E), 29 (GDP 29 B/C), 30 
(GDP 30B), 31 (GDP 31 A), 33 
(GDP 33 A/B), Gathering 
System, Power Plant. 
 

2C (M) • Job Safety Analysis (GDE-DIENG-SOP-042) 
• PPE (Helmet, gloves, safety boots) 
• First aid 

2B (L) 

Diesel Fuel 
(emergency) 

Diesel Fuel Pipe/Storage 
leakage or spill leading to 
health damage to the worker, 
contamination to the 
environment. 
 
Location: 
Unit 2: Well production 7 (GDP 
7D), 9 (GDP 9C/D), 10 (10 
C/D/E), 29 (GDP 29 B/C), 30 
(GDP 30B), 31 (GDP 31 A), 33 
(GDP 33 A/B), Gathering 
System, Power Plant. 
 

2C (M) • Job Safety Analysis (GDE-DIENG-SOP-042) 
• SOP of PPE (GDE-DIENG-HSE-SOP-012) 
• SOP of First aid (GDE-DIENG-HSE-SOP-048) 

2B (L) 

12. Environmental Hazards 
Geological 
Hazard 

Earthquake (natural) 
 
Location: 
Unit 2: Well production 7 (GDP 
7D), 9 (GDP 9C/D), 10 (10 

5B (H) • Seismic Monitoring Data 5B (H) 



C/D/E), 29 (GDP 29 B/C), 30 
(GDP 30B), 31 (GDP 31 A), 33 
(GDP 33 A/B), Gathering 
System, Power Plant. 
Landslides/ Soil Erosion 
 
Location: 
Unit 2: Well production 7 (GDP 
7D), 9 (GDP 9C/D), 10 (10 
C/D/E), 29 (GDP 29 B/C), 30 
(GDP 30B), 31 (GDP 31 A), 33 
(GDP 33 A/B), Gathering 
System, Power Plant. 
 

5C (E) • Emergency Drill (early warning system) 
with worker and community (in Ds. 
Pranten at 21 June 2019) 

• PPE, First Aid 

5C (E) 

Hazardous 
Material 
Waste 

Cutting and drilling fluid 
 
Location: 
Unit 2: Well production 7 (GDP 
7D), 9 (GDP 9C/D), 10 (10 
C/D/E), 29 (GDP 29 B/C), 30 
(GDP 30B), 31 (GDP 31 A), 33 
(GDP 33 A/B) 
 

5B (H) • Recovery and storage of cuttings in 
dedicated storage tanks or sumps, lined 
with an impervious membrane, prior to 
treatment (e.g. washing), recycling, and / 
or final treatment and disposal; 

• Reuse of drilling fluid, where feasible; 
• Removal of tanks or sumps to avoid the 

present or future release of drilling fluid 
into soil and water resources 

• Disposal of water-based drilling fluids into 
the bore hole following toxicity 
assessment. 

 

5B (H) 

Non-
Hazardous 
Waste 

Contamination of waste to the 
environment 
 
Location: 
Unit 2: Well production 7 (GDP 
7D), 9 (GDP 9C/D), 10 (10 
C/D/E), 29 (GDP 29 B/C), 30 
(GDP 30B), 31 (GDP 31 A), 33 
(GDP 33 A/B), Gathering 
System, Power Plant. 
 

2C (M) • Treatment / disposal of contents as a non-
hazardous waste depending on its 
characteristics 

• Provide Backfill 

2B (L) 

13. Noise 
Noise 
Pollution 

Sounds that made by concrete 
mixers, cranes, excavation 

2D(H) • Planning activities in consultation with 
local communities so that activities with 

2C (H) 



equipment, and 
transportation of equipment 
that potentially raise 
complaints from nearby 
community leading to 
shutdowns or constraints on 
operation times. 
 
Location: 
Unit 2: Well production 7 (GDP 
7D), 9 (GDP 9C/D), 10 (10 
C/D/E), 29 (GDP 29 B/C), 30 
(GDP 30B), 31 (GDP 31 A), 33 
(GDP 33 A/B), Gathering 
System, Power Plant. 
 

the greatest potential to generate noise 
are planned during periods of the day that 
will result in least disturbance 

14. Use of Natural Resources 
Water The mobilization and 

transport of soil particles may, 
in turn, result in 
sedimentation or surface 
drainage networks, which may 
result in impacts to the quality 
of natural water systems and 
ultimately the biological 
systems that use these waters. 
 
Location: 
Unit 2: Well production 7 (GDP 
7D), 9 (GDP 9C/D), 10 (10 
C/D/E), 29 (GDP 29 B/C), 30 
(GDP 30B), 31 (GDP 31 A), 33 
(GDP 33 A/B), Gathering 
System, Power Plant. 
 

3B(M) • Reinjection (disposal) of water is to 
designed location. 

• Selection of chemicals according to 
international standards 

3A (L) 

15. Security Related Hazards 
Intruders Sabotage causing fire or loss 

production potential to 
personal injury, downtime, 
damage to asset, reputation, 
and social impact. 

4B(H) • Security risk assessment, 
• Security control at the site entrance and 

around the site. 
• Crew awareness 
• Disciplinary Procedures 

4A (M) 



 
Location: 
Unit 2: Well production 7 (GDP 
7D), 9 (GDP 9C/D), 10 (10 
C/D/E), 29 (GDP 29 B/C), 30 
(GDP 30B), 31 (GDP 31 A), 33 
(GDP 33 A/B), Gathering 
System, Power Plant. 
 
Theft causing loss asset 
potential to  personal injury, 
downtime, damage to asset, 
reputation, and social impact 
 
Location: 
Unit 2: Well production 7 (GDP 
7D), 9 (GDP 9C/D), 10 (10 
C/D/E), 29 (GDP 29 B/C), 30 
(GDP 30B), 31 (GDP 31 A), 33 
(GDP 33 A/B), Gathering 
System, Power Plant. 
 

4B(H) • Security risk assessment, 
• Security control at the site entrance and 

around the site. 
• Crew awareness 

4A (M) 

 

 



Appendix 3: Identified risks without (left) and with (right) mitigation measures, Operation 
Phase at Patuha Facility 

Hazard Description (scenario) 

Risk 
category 
(without 

mitigation 
measure) 

Key risk mitigation measures by GDE (actual or 
proposed); key Additional measures 

recommended 

Risk 
category 

(with 
mitigation 
measures) 

Unit 1 (existing facilities) and Unit 2 (proposed facilities) Production Phase 
01. Pressure/Explosive Hazards 
Geothermal 
Fluid at High 
Pressure 

Corrosion leading to pipe 
and wellhead leakage to 
the worst scenario; 
rupture. Potentially 
damage the environment, 
human injury, asset 
damage. (See in 04. 
Corrosive Substances 
Hazard for detail) 
 
Location:  
a. Unit 1: Well production 

2, 2A, 3A, 3B, 4, 5, 6, 7. 
b. Unit 2: Well production 

1C, 4B, 4C, 4D, 5A, 6A, 
6B, 7A, 7B, 7C, 9, 9A, 9B 

. 

5C(E) • Design and install casing/tubing properly 
• Intensive wall thickness inspection 
• GDE.PTH/HSE/SOP.036) 
• SOP Wellhead Operation 
• SOP of Emergency Preparedness & Response 

(GDE.PTH/HSE/SOP.013) 
• Work Instruction of H2S Leakage Evacuation 

Procedure (GDE.PTH/HSE/SOP.013/IKA.003) 
• Provide PPE as SOP of PPE 

(GDE.PTH/HSE/SOP.021) 
• First Aid kits at site as SOP of First aid 

(GDE.PTH/HSE/SOP.025). 
• Expand EP&R to Unit 2 facilities. 

5B (H) 

Casing burst or tubing 
collapse due to well fluid 
pressure and temperature. 
Potentially injury to the 
worker, asset damage. 
 
Location:  
a. Unit 1: Well 2, 2A, 3A, 

3B, 4, 5, 6, 7. 
b. Unit 2: Well 1C, 4B, 4C, 

4D, 5A, 6A, 6B, 7A, 7B, 
7C, 9, 9A, 9B 

 

4C (H) • Designed and installed casing/tubing 
properly 

• Using burst discs to ensure that the outer 
casing fails (bursts) before casing or tubing 
collapse. 

• SOP of Emergency Preparedness & Response 
(GDE.PTH/HSE/SOP.013) 

• Provide PPE as SOP of PPE 
(GDE.PTH/HSE/SOP.021) 

• First Aid kits at site as SOP of First aid 
(GDE.PTH/HSE/SOP.025). 

 

4B (H) 



Operator does not comply 
with operation and HSE 
SOP leading to damage to 
pipes and equipment 
rupture. Complaints from 
community. 
 
Location:  
a. Unit 1: Well  2, 2A, 3A, 

3B, 4, 5, 6, 7, 1 and 1B. 
Gathering System, Power 
Plant. 

b. Unit 2: Well  1C, 4B, 4C, 
4D, 5A, 6A, 6B, 7A, 7B, 
7C, 9, 9A, 9B, Gathering 
System, Power Plant. 

 

5C (E) • Training of procedure and HSE SOP 
• SOP Contractor Safety Management System 

(GDE.PTH/HSE/SOP.028) 
• SOP of Job Safety Analysis 

(GDE.PTH/HSE/SOP.011/FRM.002) 
• SOP Permit To Work 

(GDE.PTH/HSE/SOP.011/FRM.002) and SOP 
of Lock Out Tag Out (GDE.PTH/HSE/SOP.012) 

• Stand By SCBA of EPR Team 
• H2S Detector. 
• Provide PPE as SOP of PPE 

(GDE.PTH/HSE/SOP.021) 
• First Aid kits at site as SOP of First aid 

(GDE.PTH/HSE/SOP.025). 
 
 

5A (H) 

Condensate carries over 
leading to abrasive to 
pipeline leading to pipe 
rupture. 
 
Location:  
a. Unit 1: Well 2, 2A, 3A, 

3B, 4, 5, 6, 7, Gathering 
System, Power Plant. 

b. Unit 2: Well  1C, 4B, 4C, 
4D, 5A, 6A, 6B, 7A, 7B, 
7C, 9, 9A, 9B, Gathering 
System, Power Plant. 

5A (H) 
 

• Install steam trap 
• Rock muffler 
• Provide PPE as SOP of PPE 

(GDE.PTH/HSE/SOP.021) 
• First Aid kits at site as SOP of First aid 

(GDE.PTH/HSE/SOP.025). 
 

5A (H) 
 

02. Object Under Induced Stress 
Object 
Under 
Compressio
n 

Pressure Safety Valve 
blocked leading to 
explosion, worker injury, 
downtime, noise to the 
community, damage to 
assets, and also affected to 
company reputation. 
 
Location:  
a. Unit 1: Well 2, 2A, 3A, 

4B (H) • Pressure Safety Valve certification by 
qualified institution 

• Regular Pressure Safety Valve 
inspection/monitoring 

• Rupture Disk 
• Alarm System, Shut Down System 
• SOP of Emergency Preparedness & Response 

(GDE.PTH/HSE/SOP.013) 
• Provide PPE as SOP of PPE 

(GDE.PTH/HSE/SOP.021) 

4A (M) 



3B, 4, 5, 6, 7, 1, 1B, 
Power Plant. 

b. Unit 2: Well  1C, 4B, 4C, 
4D, 5A, 6A, 6B, 7A, 7B, 
7C, 9, 9A, 9B, Power 
Plant. 

• First Aid kits at site as SOP of First aid 
(GDE.PTH/HSE/SOP.025). 

 

03. Dynamic Situation Hazard 
Brine 
Booster 
Pump 

Pump being out of balance 
(due to erosion, corrosion, 
seal failure, scaling) could 
lead to over flow in the 
pond. Potentially 
contaminate the ground 
water nearby the area and 
damage the plantation. 
 
Location: 
a. Unit 1: Well 2, 2A, 3A, 

3B, 4, 5, 6, 7. 
b. Unit 2: Well  1C, 4B, 4C, 

4D, 5A, 6A, 6B, 7A, 7B, 
7C, 9, 9A, 9B 

 

3C (H) • Appropriate selection of pump based on 
standard 

• Preventive Maintenance  System 
• Flow Valve Close 
• Back Up Pump starts running 
 

3B (M) 

Wellhead 
Collision to 
vehicle 

Drive without following 
predetermined rules/ lack 
of maneuvering room, 
leading to damages to pipe, 
resulting injury, leakage of 
pipe fluid and explosion. 
 
Location:  
a. Unit 1: Well  2, 2A, 3A, 

3B, 4, 5, 6, 7, 1 and 1B. 
b. Unit 2: Well  1C, 4B, 4C, 

4D, 5A, 6A, 6B, 7A, 7B, 
7C, 9, 9A, 9B  

 

5A (H) • Install Warning Signs 
• SOP of Emergency Preparedness & Response 

(GDE.PTH/HSE/SOP.013) 
• SOP of Company Driving Licensed 

(GDE.PTH/HSE/SOP.027) 
• Provide PPE as SOP of PPE 

(GDE.PTH/HSE/SOP.021) 
• First Aid kits at site as SOP of First aid 

(GDE.PTH/HSE/SOP.025). 
 

5A (H) 



Gathering 
Pipeline 
Collision by 
vehicles 

Drive without following 
predetermined rules/ lack 
of maneuvering room, 
leading to damages to pipe, 
resulting injury, leakage of 
pipe fluid and explosion. 
 
Location:  

a. Unit 1: Gathering 
Pipeline. 

b. Unit 2: Gathering 
Pipeline. 

3C (H) • Install Warning Signs 
• Steel Barrier 
• SOP of Emergency Preparedness & Response 

(GDE.PTH/HSE/SOP.013) 
• SOP of Company Driving Licensed 

(GDE.PTH/HSE/SOP.027) 
• Provide PPE as SOP of PPE 

(GDE.PTH/HSE/SOP.021) 
• First Aid kits at site as SOP of First aid 

(GDE.PTH/HSE/SOP.025). 

3B (M) 

04. Corrosive Substances Hazard 
Brine Brine pipe is stuck due to 

scaling formed in the 
internal pipe surface 
leading to pond overflow 
(contaminate environment) 
 
Location:  

a. Unit 1: Well2, 2A, 3A, 3B, 
4, 5, 6, 7, Power Plant. 

b. Unit 2: Well 1C, 4B, 4C, 
4D, 5A, 6A, 6B, 7A, 7B, 
7C, 9, 9A, 9B, Power 
Plant. 

4A(M) • Equipment design and material selection 
• Regular inspections 
• Preventive maintenance 

4A (H) 

H2S Sufficient H2S causes sour 
corrosion and Sulphide 
Stress Cracking in high 
strength steel leading to 
leak and potential rupture 
of well equipment. H2S 
exposed to the wet 
atmosphere (humid) 
potentially promote severe 
corrosion on the metal 
steel roofing of community 
house. 
 
Location:  

4A(M) • Corrosion Allowance 
• Inspection techniques for surface equipment 
• Monitoring water analyses (pH, Fe2+, etc.) 
• Utilization of coating or corrosion resistance 

alloys (CRA)  for equipment 

4A (H) 



a. Unit 1: Well 2, 2A, 3A, 
3B, 4, 5, 6, 7, Power 
Plant. 

b. Unit 2: Well 1C, 4B, 4C, 
4D, 5A, 6A, 6B, 7A, 7B, 
7C, 9, 9A, 9B, Power 
Plant. 

CO2 Lowering the pH and 
sufficient quantities of CO2 
may promote general 
corrosion and / or pitting 
corrosion, leading to leak 
and potential rupture of 
well equipment. Localized 
high corrosion rates in 
locations of high velocity 
and shear or turbulent flow 
are common in CO2 
exposed to the humid air 
causes acid containing 
atmosphere which 
potentially promotes 
severe corrosion on the 
metal steel roofing of 
community house. 
 
Location:  
a. Unit 1: Well 2, 2A, 3A, 

3B, 4, 5, 6, 7, power 
plant. 

b. Unit 2: Well 1C, 4B, 4C, 
4D, 5A, 6A, 6B, 7A, 7B, 
7C, 9, 9A, 9B, Power 
Plant. 

4B (H) • Regular Inspections 
• Preventive Maintenance 
• Acidification 
• Monitoring Chemical Dosing 

4B (H) 

Chloride (Cl) Enhanced corrosion 
(general, pitting corrosion 
and stress corrosion 
cracking) of well equipment 
leading to leak and rupture. 
Cl exposed to the humid air 
causes acid containing 

4B (H) • Corrosion Allowance 
• Application of corrosion inhibitors for  

carbon steel 
• Corrosion monitoring 
• Inspection techniques for surface equipment 
• Monitoring water analyses (pH, Fe2+, etc.) 
• Utilization of coating or corrosion resistance 

4A (M) 



atmosphere which 
potentially promote severe 
corrosion on the metal 
steel roofing of community 
house. 
 
Location:  

a. Unit 1: Well 2, 2A, 3A, 
3B, 4, 5, 6, 7, Power 
Plant. 

b. Unit 2: Well 1C, 4B, 4C, 
4D, 5A, 6A, 6B, 7A, 7B, 
7C, 9, 9A, 9B, Power 
Plant. 

alloys (CRA)  for equipment 

Dissolved 
Solids and 
Chemical 

Precipitated sand cause 
erosion particularly most 
severe in wellhead, surface 
equipment and subsurface 
pumps, blockage of flow, 
incomplete scaling can lead 
to Under Deposit Corrosion 
leading to leak and damage 
of well equipment. Brine 
and gases release to the 
atmosphere and 
contaminate promote 
severe corrosion on the 
metal steel roofing of 
community house. 
 
Location:  
a. Unit 1: Well 2, 2A, 3A, 

3B, 4, 5, 6, 7. 
b. Unit 2: Well 1C, 4B, 4C, 

4D, 5A, 6A, 6B, 7A, 7B, 
7C, 9, 9A, 9B. 

4C (H) • Proper design of the geothermal plant and 
selection of operating 

• pH adjustment 
• Use of chemical additives (inhibitors or 

acidification) 
• The removal of deposits by chemical or 

mechanical means 
• Prevent production of solids for example 

sand-screens in the well 
• Biocides or disinfectants may be added to 

the fluids to prevent microbiologically 
catalyzed mineral precipitation 

• Used “hard-facing” of critical locations such 
as components in flow control (choke) 
valves or in pumps 

4B (H) 

Water 
Borne 
Bacteria 

Potential for 
microbiologically 
influenced corrosion mostly 
on shut-in wells 
(particularly water 

4B (H) • Continuous application of biocides 
combined with chemical cleaning 
(descaling). 

• Maintain flow velocities above minimum 
levels will control micro-organisms. 

4A (M) 



injector), outer annulus 
spaces and external side of 
casing leading to leakage 
and contaminate the 
surrounding subsurface 
water. 
 
Location:  
a. Unit 1: Well 2, 2A, 3A, 

3B, 4, 5, 6, 7. 
b. Unit 2: Well 1C, 4B, 4C, 

4D, 5A, 6A, 6B, 7A, 7B, 
7C, 9, 9A, 9B. 

 

• The presence of micro-organisms can be 
monitored by sampling and laboratory 
analysis (MPN – most probable number 
method) 

• SOP of Air and Water Pollution Control 
(GDE.PTH/HSE/SOP.033) 

External 
aggressive  
aquifers 

External corrosion attack of 
casing leading to budding 
and well collapse leading to 
leakage and contaminate 
the surrounding subsurface 
water. 
 
Location:  
a. Unit 1: Well 2, 2A, 3A, 

3B, 4, 5, 6, 7, Power 
Plant. 

b. Unit 2: Well 1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 7B, 
7C, 9, 9A, 9B, Power Plant. 
 

4B (H) • Cement design to ensure casing protection 
• Application of cathodic protection for 

casing. 

4B (H) 

05. Hot Surfaces 
Process 
piping /  
wellhead 

Direct contact leading to 
personal injury and / or 
asset damage. 
 
Location:  
a. Unit 1: Well 2, 2A, 3A, 

3B, 4, 5, 6, 7, 
Gathering System, 
Power Plant. 

b. Unit 2: Well  1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 

3B (M) • Insulation pipe/ surface equipment 
• SOP operation, including inspection protocol 
• Provide PPE as SOP of PPE 

(GDE.PTH/HSE/SOP.021) 
• First Aid kits at site as SOP of First aid 

(GDE.PTH/HSE/SOP.025). 
 

3A (L) 



7B, 7C, 9, 9A, 9B, 
Gathering System, 
Power Plant. 

 
07. Electricity 
Short Circuit Short Circuit leading to fire 

and explosion. 
 
Location:  
a. Unit 1: Well 2, 2A, 3A, 

3B, 4, 5, 6, 7, 
Gathering System, 
Power Plant. 

b. Unit 2: Well  1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 
7B, 7C, 9, 9A, 9B, 
Gathering System, 
Power Plant. 

 

5A (H) • Proper electricity installation based on oil & 
gas standard. 

• Work Instruction of Fire Evacuation System 
(GDE.PTH/HSE/SOP.013/IKA.001) 

• Fire System 
• Fire Hydrant/Extinguisher, Sprinkler system 
• Provide PPE as SOP of PPE 

(GDE.PTH/HSE/SOP.021) 
• First Aid kits at site as SOP of First aid 

(GDE.PTH/HSE/SOP.025). 
 

5A (H) 

08. Toxic Gas 
Atmospheri
c emission 
e.g. CO2, H2S 
(NCG) 

The silencer discharge 
contains H2S and CO2 that 
could affect air quality. 
 
Location:  
a. Unit 1: Well 2, 2A, 3A, 

3B, 4, 5, 6, 7. 
b. Unit 2: Well & 1C, 4B, 

4C, 4D, 5A, 6A, 6B, 7A, 
7B, 7C, 9, 9A, 9B  

4C (H) • Regular air ambient quality monitoring by 
HSE Division 

• SOP of Air and Water Pollution Control 
(GDE.PTH/HSE/SOP.033) 

4B (H) 

Acid Rain (H2S, SO2, CO2), 
potentially affecting farm 
land 
 
Location:  
a. Unit 1: Well 2, 2A, 3A, 

3B, 4, 5, 6, 7. 
b. Unit 2: Well & 1C, 4B, 

4C, 4D, 5A, 6A, 6B, 7A, 
7B, 7C, 9, 9A, 9B  

5B (H) • Air ambient quality monitoring 
• SOP of Air and Water Pollution Control 

(GDE.PTH/HSE/SOP.033) 

5A (H) 



H2S 
Exposure 

Potential to accumulate in 
cellar as it is denser than 
air. Leading to health 
damage of personnel. 
 
Location:  
a. Unit 1: Well 2, 2A, 3A, 

3B, 4, 5, 6, 7. 
b. Unit 2: Sensitive 

Receptor 
 

5B (H) • Worker Safety Training 
• H2S Detector 
• H2S Monitoring 
• Adequate ventilation of occupied building 
• SBCA for ERT 
• Work Instruction of H2S Leakage Evacuation 

Procedure (GDE.PTH/HSE/SOP.013/IKA.003) 
• Provide PPE as SOP of PPE 

(GDE.PTH/HSE/SOP.021) 
• First Aid kits at site as SOP of First aid 

(GDE.PTH/HSE/SOP.025). 
• Develop SOP of toxic gas handling of Unit 2. 

5A (H) 

Nearby communities 
exposed H2S from silencer 
causing eye irritation, bad 
odor and headache. 
 
Location:  

a. Unit 1: Well 2, 2A, 3A, 
3B, 4, 5, 6, 7. 

b. Unit 2: Well  1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 
7B, 7C, 9, 9A, 9B 

3C (H) Recommended additional measures: 
• Community counselling/simulation to 

handling H2S exposure by GDE Peduli (CSR) 
or third party. 

3B (M) 

09. Refined Hydrocarbon 
Diesel 
Leakage 

Diesel Fuel Pipe/Storage 
leakage or spill leading to 
health impact to the 
worker, contamination to 
the environment. 
 
Location:  

a. Unit 1: Power Plant. 
b. Unit 2: Power Plant. 

3C (H) • Proper Design of Emergency Diesel 
Generator 

• SOP of hazardous material waste spill 
(GDE.PTH/HSE/SOP.038) 

• Provide PPE as SOP of PPE 
(GDE.PTH/HSE/SOP.021) 

• First Aid kits at site as SOP of First aid 
(GDE.PTH/HSE/SOP.025). 

• Develop SOP of hazardous material waste 
spill of Unit 2. 

3B (M) 

Lube Oil 
Spill 

Lube oil Pipe/ Storage 
leakage or spill leading to 
health damage to the 
worker, contamination to 
the environment. 
 

3C (H) • SOP of hazardous material waste spill 
(GDE.PTH/HSE/SOP.002) 

• Provide PPE as SOP of PPE 
(GDE.PTH/HSE/SOP.021) 

• First Aid kits at site as SOP of First aid 
(GDE.PTH/HSE/SOP.025). 

3B (M) 



Location:  

a. Unit 1: Well 2, 2A, 3A, 
3B, 4, 5, 6, 7, Power 
Plant. 

b. Unit 2: Well 1C, 4B, 4C, 
4D, 5A, 6A, 6B, 7A, 7B, 
7C, 9, 9A, 9B, Power 
Plant. 

 

10. Environmental Hazards 
Non 
Hazardous 
Waste 

Garbage from general 
activities. 
 
Location:  

a. Unit 1: Well 2, 2A, 3A, 
3B, 4, 5, 6, 7, Gathering 
System, Power Plant. 

b. Unit 2: Well  1C, 4B, 4C, 
4D, 5A, 6A, 6B, 7A, 7B, 
7C, 9, 9A, 9B, Gathering 
System, Power Plant. 

2C (H) • SOP of Non Hazardous Material Waste 
Handling (GDE.PTH/HSE/SOP.039) 

• SOP of House Keeping 
(GDE.PTH/HSE/SOP.020) 

2B (L) 

Hazardous 
Substance 
Waste 

Hazardous chemical 
container 
 
Location:  

a. Unit 1: Power Plant. 
b. Unit 2: Power Plant. 

3C (H) • SOP of Hazardous Material Waste Handling 
(GDE.PTH/HSE/SOP.038). 

3B (M) 

Geological 
Hazard 

Earthquake 
 
Location:  

a. Unit 1: Well 2, 2A, 3A, 
3B, 4, 5, 6, 7, Gathering 
System, Power Plant. 

b. Unit 2: Well  1C, 4B, 4C, 
4D, 5A, 6A, 6B, 7A, 7B, 
7C, 9, 9A, 9B, Gathering 
System, Power Plant. 

5B (H) • Emergency Drill with workers and 
community 

• SOP of Geological Hazard 
(GDE.PTH/HSE/SOP.035). 

5B (H) 

Landslide 
 
Location:  

4D (H) • Emergency Drill with worker sand 
community 

• SOP of Geological Hazard 
(GDE.PTH/HSE/SOP.035). 

2D (H) 



a. Unit 1: Well 2, 2A, 3A, 
3B, 4, 5, 6, 7, 
Gathering System, 
Power Plant. 

b. Unit 2: Well  1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 
7B, 7C, 9, 9A, 9B, 
Gathering System, 
Power Plant. 

11. Noise 
Noise 
Pollution 
 

Geothermal fluid pressure 
is above the set limit during 
operation, start up, shut 
down or trip and exceeded 
to the vent causing hearing 
damage of personnel and 
nearby community  
 
Location:  

a. Unit 1: Well 2, 2A, 3A, 
3B, 4, 5, 6, 7. 

b. Unit 2: Well 1C, 4B, 4C, 
4D, 5A, 6A, 6B, 7A, 7B, 
7C, 9, 9A, 9B 

2C (H) • Proper process flow design to anticipate 
overpressure 

• Rock Muffler 
• Provide PPE as SOP of PPE 

(GDE.PTH/HSE/SOP.021) 
• First Aid kits at site as SOP of First aid 

(GDE.PTH/HSE/SOP.025). 
 

2B (L) 

12. Use of Natural Resources 
Water Water use for condenser is 

not injected back to the 
ground, leading to 
depletion of water 
resources and unbalance 
ecology system. 
 
Location:  

a. Unit 1: Power Plant. 
b. Unit 2: Power Plant. 

4B (H) By-Pass to blow down pump to be injected back 
to the ground 

4A (M) 

13. Security Related Hazard 
Mass 
Demonstrati
on 

Operational activities give 
negative impact to the 
community leading to bad 
reputation and social 

4B(H) • Security risk assessment,  
• Security control at the site entrance and 

around the site.  
• Fencing around drill site,  

4A (H) 



impact. 
 
Location:  

a. Unit 1: Power Plant. 
b. Unit 2: Power Plant. 

• Crew awareness 
• Disciplinary Procedures 

 

Intruders Sabotage causing fire or 
loss production potential to 
personal injury, downtime, 
damage to asset, 
reputation, and social 
impact  
 
Location:  

a. Unit 1: Well 2, 2A, 3A, 
3B, 4, 5, 6, 7, Gathering 
System, Power Plant. 

b. Unit 2: Well  1C, 4B, 4C, 
4D, 5A, 6A, 6B, 7A, 7B, 
7C, 9, 9A, 9B, Gathering 
System, Power Plant. 

 

2D (H) • Security risk assessment  
• Fencing around well pads with gate, 

continuous security control at most pad 
• Crew awareness 
• Disciplinary Procedures 
• SOP of Emergency Preparedness and 

Response (GDE.PTH/HSE/SOP.014) 
 
 

2B (L) 

Theft causing loss asset 
potential to  personal 
injury, downtime, damage 
to asset, reputation, and 
social impact  
 
Location:  

a. Unit 1: Well 2, 2A, 3A, 
3B, 4, 5, 6, 7, Gathering 
System, Power Plant. 

b. Unit 2: Well  1C, 4B, 4C, 
4D, 5A, 6A, 6B, 7A, 7B, 
7C, 9, 9A, 9B, Gathering 
System, Power Plant. 

2D (H) • Security risk assessment  
• Fencing around well pads with gate, 

continuous security control 
• Crew awareness 
• Disciplinary Procedures 
• SOP of Emergency Preparedness and 

Response (GDE.PTH/HSE/SOP.014) 
 
 

2B (L) 

 



Appendix 4:  Identified risks without (left) and with (right) mitigation measures, Construction 
Phase at Patuha Facility 

Hazard Description (scenario) 

Risk 
category 
(without 

mitigation 
measure) 

Key risk mitigation measures by GDE (actual or 
proposed); key Additional measures 

recommended 

Risk 
category 

(with 
mitigation 
measures) 

Unit 2 (Construction) 
01. Pressure/Explosive Hazard 
Geothermal 
Fluid at High 
Pressure 

Kick leading to asset damage, 
personal injuries, and 
blowout. 
 
Location: 
Unit 2: Well production 1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 7B, 7C, 
9, 9A, 9B. 
 
 

5C (E) Measures: 
• Patuha Feasibility Study (well design, BOP 

System, crew competency & certified.) 
• Good well design, hydrocarbon risk 

assessment, development of risk register from 
the BOD and updating same through the 
whole well cycle, independent verification 
process. 

• Interpretation of seismic data 
• Use of diverter and/or BOP system. Good 

drilling practices (controlled ROP, curing 
losses, pump out of hold to prevent 
swabbing). 

• Ex certified equipment + Crew competency to 
identify and deal with kick/influx, crew 
positions, training (kick drills). 

• PTW &LOTO system. 
 

5A (H) 

 Unexpected geology condition 
(Faults, Squeezing Formation 
etc.) leading to losses or loss 
of well. 
 
Location: 
a. Unit 2: Well 
production 1C, 4B, 4C, 4D, 5A, 
6A, 6B, 7A, 7B, 7C, 9, 9A, 9B. 
 

4C (H) • Good well design, independent verification 
process. 

• Use diverter or BOP system. 
• Good drilling practices, proper mud program, 

monitoring of fluid loss, well control 
procedures, optimized mud properties. 

• Crew competency to identify and deal with 
anomalies, training, kick drills 

4B (H) 

03. Dynamic Situation Hazards 
On-land 
transport 

• Accident during 
driving to and from location 

5B (H) • Temporary traffic management plan 
• Good housekeeping.  

5A (H) 



(traffic safety) and camps, etc. 
• Accident during 

transportation of material. 
• Accident during moving 

drilling rigs and works over 
rigs. 

• Accident during operate 
excavator. 

 
Location: 
a. Unit 2: Well 
production 1C, 4B, 4C, 4D, 5A, 
6A, 6B, 7A, 7B, 7C, 9, 9A, 9B, 
Gathering System, Power 
Plant. 
 

• Good site control and adherence to traffic 
laws 

Rotating 
Equipment 

Failures/errors leading to 
injury / asset damage  
 
Location: 
Unit 2: Well production 1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 7B, 7C, 
9, 9A, 9B, Gathering System, 
Power Plant. 
 

3C (H) • Adequate designs standards 
• Warning signs 
• Installation of protective covers. 

3B (M) 

Pipe stringing Pipe lifting failure leading to 
injury, damage assets. 
 
Location: 
Unit 2: Gathering System, 
Power Plant. 
 

4B (H) • Warning Sign 
• Forbidden Work Area (border line) 
 

4A (M) 

Crane 
Activities 

Item lifting failure leading to 
injury, damage assets. 
 
Location: 
Unit 2: Power Plant. 
 

4B (H) • Warning Sign 
• Forbidden Work Area (border line) 
 

4A (M) 

04. Corrosive Substance Hazard 
Brine Corrosion and damage to 

drilling equipment, asset, 
3C (H) • Equipment design,  

• Regular inspections and preventive 
3B (M) 



impact to environment and/or 
injury to personal 
 
Location: 
Unit 2: Well production 1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 7B, 7C, 
9, 9A, 9B, Gathering System, 
Power Plant. 
 

maintenance, 
• Correct use of PPE, 
• Wall thickness measurements, 
• Safety Data Sheets 
• Liquid tight asphalt. 

Well 
Stimulation 
Fluid (HF / 
HCl) 

Corrosion and damage to 
drilling equipment, asset, 
impact to environment and/or 
injury to personal  
 
Location: 
Unit 2: Well production 1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 7B, 7C, 
9, 9A, 9B, Gathering System, 
Power Plant. 
 

3C (H) • Equipment design,  
• Regular inspections and preventive 

maintenance, 
• Correct use of PPE, 
• Wall thickness measurements, 
• Safety Data Sheets 
• Liquid tight asphalt. 

3B (M) 

Caustic Soda, 
Drilling Fluid 
Additive 

Corrosion and damage to 
drilling equipment, asset, 
impact to environment and/or 
injury to personal  
 
Location: 
Unit 2: Well production 1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 7B, 7C, 
9, 9A, 9B, Gathering System, 
Power Plant. 
 

3C (H) • Equipment design,  
• Regular inspections and preventive 

maintenance, 
• Correct use of PPE, 
• Wall thickness measurements, 
• Safety Data Sheets 
• Liquid tight asphalt. 

3B (M) 

HF / Other 
adds for 
stimulation 

Corrosion and damage to 
drilling equipment, asset, 
impact to environment and/or 
injury to personal  
 
Location: 
Unit 2: Well production 1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 7B, 7C, 
9, 9A, 9B, Gathering System, 
Power Plant. 

3C (H) • Equipment design,  
• Regular inspections and preventive 

maintenance, 
• Correct use of PPE, 
• Wall thickness measurements, 
• Safety Data Sheets 
• Liquid tight asphalt. 

3B (M) 



Mud additives Corrosion of equipment, asset 
damage  
 
Location: 
Unit 2: Well production1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 7B, 7C, 
9, 9A, 9B, Gathering System, 
Power Plant. 
 

3C (H) • Dedicated storage area, crew competency 
• Training 
• Awareness 
• Supervision 
• Correct use of PPE 
• Wall thickness measurements 
• Safety Data Sheets 
• Liquid tight asphalt. 

3B (M) 

Discharge of 
chemicals 

Corrosion of equipment, asset 
damage  
 
Location: 
Unit 2: Well production1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 7B, 7C, 
9, 9A, 9B, Gathering System, 
Power Plant. 
 

3C (H) • Dedicated storage area, crew competency 
• Training 
• Awareness 
• Supervision 
• Correct use of PPE 
• Wall thickness measurements 
• Safety Data Sheets 
• Liquid tight asphalt. 

3B (M) 

Discharge of 
drilling 
effluents 

Corrosion of equipment, asset 
damage  
 
Location: 
Unit 2: Well production 1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 7B, 7C, 
9, 9A, 9B, Gathering System, 
Power Plant. 
 

3C (H) • Dedicated storage area, crew competency 
• Training 
• Awareness 
• Supervision 
• Correct use of PPE 
• Wall thickness measurements 
• Safety Data Sheets 
• Liquid tight asphalt. 

3B (M) 

05. Hot Surfaces 
Drilling piping 
/  wellhead 

Direct contact leading to 
personal injury and / or asset 
damage  
 
Location: 
Unit 2: Well production 1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 7B, 7C, 
9, 9A, 9B, Gathering System, 
Power Plant. 
 

3B (M) • Limited access. 
• Operator training and awareness. 
• Provide PPE (Helmet, gloves, safety boots) 
• SOP of Job Safety Analysis 

(GDE.PTH/HSE/SOP.011/FRM.002) 
• First aid kits at site 

3A (L) 

06. Hot Fluids 
Hot 
Geothermal 

Direct contact leading to 
personal injury and / or asset 

4B(H) • Drilling program design ensure adequate 
cement bond. 

4B(H) 



Fluid 
Exposure 

damage  
 
Location: 
Unit 2: Well production1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 7B, 7C, 
9, 9A, 9B, Gathering System, 
Power Plant. 
 

• GDE carried out to confirm with remediation if 
problems identified 

07. Electricity 
Electricity 
Shock 

Faulty wiring in drilling site 
potential to personnel injury. 
 
Location: Unit 2 Well Pad, 
Gathering System and Power 
Plant 
 

3C (H) • High voltage supply has to be correctly 
designed and installed 

• Provide PPE as SOP of PPE 
(GDE.PTH/HSE/SOP.021) 

• First Aid kits at site as SOP of First aid 
(GDE.PTH/HSE/SOP.025). 

 

3B (M) 

Electrostatic 
Energy 

Potential for electrostatic 
build up if failure to ground 
electrical circuits at 
MCC/Switchgear. 
 
Location: Unit 2 Well Pad, 
Gathering System and Power 
Plant 
 

3C (H) • All equipment grounded 
• Provide PPE as SOP of PPE 

(GDE.PTH/HSE/SOP.021) 
• First Aid kits at site as SOP of First aid 

(GDE.PTH/HSE/SOP.025). 
 

3B (M) 

Loss of 
electrical 
supply 

Loss of construction time  
 
Location: Unit 2 Well Pad, 
Gathering System and Power 
Plant 
. 

2C(M) • Emergency Diesel Generator 2C(M) 

08. Toxic Gas 
Atmospheric 
emission e.g. 
CO2, H2S 
(NCG) 

Gas coming out from Brine 
solution leading to respiratory 
issues/personal injury, metal 
cracking/corrosion leading to 
assets damage, downtime due 
to H2S management. 
 
Location: 
Unit 2: Well production 1C, 4B, 

4C (H) • Air ambient quality monitoring 
 

4B (H) 



4C, 4D, 5A, 6A, 6B, 7A, 7B, 7C, 
9, 9A, 9B, Gathering System, 
Power Plant 
 

H2S Exposure Potential to accumulate in 
cellar as it is denser than air. 
Leading to health damage of 
personnel. 
 
Location:  
Unit 2: Well production & 1C, 
4B, 4C, 4D, 5A, 6A, 6B, 7A, 7B, 
7C, 9, 9A, 9B 
 

5B (H) • Worker Safety Training 
• H2S Detector 
• H2S Monitoring 
• Adequate ventilation of occupied building 
• SBCA for ERT 
• Work Instruction of H2S Leakage Evacuation 

Procedure (GDE.PTH/HSE/SOP.013/IKA.003) 
• Provide PPE as SOP of PPE 

(GDE.PTH/HSE/SOP.021) 
• First Aid kits at site as SOP of First aid 

(GDE.PTH/HSE/SOP.025). 
• Develop SOP of toxic gas handling of Unit 2. 

5A (H) 

 Nearby communities exposed 
H2S from silencer causing eye 
irritation, bad odor and 
headache. 
 
Location:  
Unit 2: Well production & 
Injection 1C, 4B, 4C, 4D, 5A, 
6A, 6B, 7A, 7B, 7C, 9, 9A, 9B 
 

3C (H) Recommended additional measures: 
• Community counseling/simulation to handling 

H2S exposure by GDE Peduli (CSR) or third 
party. 

3B (M) 

Fumes and 
Gases 

• Welding 
• Saw Machine 
 
Location: Unit 2 Well Pad, 
Gathering System and Power 
Plant 
 

5B (H) • Worker Safety Training 
• H2S Detector (portable and installed) 
• SCBA (Self-Contained Breathing Apparatus) 
• Provide PPE as SOP of PPE 

(GDE.PTH/HSE/SOP.021) 
• First Aid kits at site as SOP of First aid 

(GDE.PTH/HSE/SOP.025). 
 

5A (H) 

09. Toxic Fluid 
Spent 
Geothermal 
Fluids 

Geothermal condensate may 
be characterized by high 
temperature, low pH, and 
heavy metals content. 
 
Location: 

3C(H) • Carefully evaluating potential environmental 
impacts of geothermal fluid discharges 
depending on the selected cooling system; 

• Waste management procedures,  
• Containment of fluids on site,  
• Supervision,  

3C (H) 



Unit 2: Well production 1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 7B, 7C, 
9, 9A, 9B. 
 

• SOP of Job Safety Analysis 
(GDE.PTH/HSE/SOP.011/FRM.002) 

• Crew competency, 
• Good house keeping 

Epoxy • Respiratory irritation 
occurs to throat 
• Eye contact 
 
Location: Unit 2 Well Pad, 
Gathering System and Power 
Plant 
 

3B(M) • SOP of Chemical and Hazardous Material 
Handling GDE.PTH/HSE/SOP.017) 

• MSDS (Material Safety Data Sheet) 
• Provide PPE as SOP of PPE 

(GDE.PTH/HSE/SOP.021) 
• First Aid kits at site as SOP of First aid 

(GDE.PTH/HSE/SOP.025). 
 

3B(M) 

Paint Coat • Respiratory irritation 
occurs to throat 
• Eye contact 
 
Location: Unit 2 Well Pad, 
Gathering System and Power 
Plant 
 

3B(M) • SOP of Chemical and Hazardous Material 
Handling GDE.PTH/HSE/SOP.017) 

• MSDS (Material Safety Data Sheet) 
• Provide PPE as SOP of PPE 

(GDE.PTH/HSE/SOP.021) 
• First Aid kits at site as SOP of First aid 

(GDE.PTH/HSE/SOP.025). 

3B(M) 

10. Toxic Solid 
Saw Dust If detected more than 

tresshold would potential to 
health damage  
 
Location: Unit 2 Well Pad, 
Gathering System and Power 
Plant 
 

3B(M) • Waste management procedures,  
• Containment of fluids on site,  
• Supervision,  
• SOP of Job Safety Analysis 

(GDE.PTH/HSE/SOP.011/FRM.002) 
• Crew competency, 
• Good house keeping 

3B(M) 

Cement Dust Inhalation leading to personal 
injury, environmental 
pollution and reputational 
issue 
 
Location: Unit 2 Well Pad, 
Gathering System and Power 
Plant 
 

3C(H) • Design of equipment 
• crew awareness 
• crew competency 
• supervision 
• correct use of PPE 
• Emergency responses procedures 
• first aid 
• Safety Data sheets 
• Liquid tight asphalt. 

3B (M) 

Sodium 
hypochlorite 
drilling fluid 

Ingestion / direct contact 
leading to personal injury   
 

3C(H) • Waste management procedures,  
• Containment of fluids on site,  

3B(M) 



additive Location: 
Unit 2: Well production 1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 7B, 7C, 
9, 9A, 9B. 
 

• Supervision,  
• SOP of Job Safety Analysis 

(GDE.PTH/HSE/SOP.011/FRM.002) 
• Crew competency, 
• Good house keeping 

Powdered 
mud additive 

Refer to Cement Dust 3C(H)  3B(M) 

Water based 
muds 

Refer to Cement Dust 3C(H)  3B(M) 

Cement 
Slurries 

Refer to Cement Dust 3C(H)  3B(M) 

11. Refined Hydrocarbon 
Lube/Hydrauli
c oil leakage 

Lube oil Pipe/Storage leakage 
or spill leading to health 
damage to the worker, 
contamination to the 
environment. 
 
Location: 
Unit 2: Well production 1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 7B, 7C, 
9, 9A, 9B , Gathering System, 
Power Plant. 
 

2C(M) • SOP of Job Safety 
Analysis(GDE.PTH/HSE/SOP.011/FRM.002) 

• Provide PPE as SOP of PPE 
(GDE.PTH/HSE/SOP.021) 

• First Aid kits at site as SOP of First aid 
(GDE.PTH/HSE/SOP.025). 

2B (L) 

Diesel Fuel 
(emergency) 

Diesel Fuel Pipe/Storage 
leakage or spill leading to 
health damage to the worker, 
contamination to the 
environment. 
 
Location: 
Unit 2: Well production1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 7B, 7C, 
9, 9A, 9B, Gathering System, 
Power Plant. 
 

2C(M) • SOP of Job Safety Analysis 
(GDE.PTH/HSE/SOP.011/FRM.002) 

• Provide PPE as SOP of PPE 
(GDE.PTH/HSE/SOP.021) 

• First Aid kits at site as SOP of First aid 
(GDE.PTH/HSE/SOP.025). 

 

2B (L) 

12. Environmental Hazards 
Geological 
Hazard 

Earthquake (natural) 
 
Location: 
Unit 2: Well production1C, 4B, 

5A(H) • Seismic Monitoring Data 5A(H) 



4C, 4D, 5A, 6A, 6B, 7A, 7B, 7C, 
9, 9A, 9B, Gathering System, 
Power Plant. 
 
Landslides/ Soil Erosion  
 
Location: 
Unit 2: Well production1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 7B, 7C, 
9, 9A, 9B, Gathering System, 
Power Plant. 
 

5A(H) • Provide PPE as SOP of PPE 
(GDE.PTH/HSE/SOP.021) 

• First Aid kits at site as SOP of First aid 
(GDE.PTH/HSE/SOP.025). 

 

5A(H) 

Hazardous 
Material 
Waste 

Cutting and drilling fluid   
 
Location: 
Unit 2: Well production1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 7B, 7C, 
9, 9A, 9B 
 
 

5B(H) • Recovery and storage of cuttings in dedicated 
storage tanks or sumps, lined with an 
impervious membrane, prior to treatment 
(e.g. washing), recycling, and / or final 
treatment and disposal; 

• Reuse of drilling fluid, where feasible; 
• Removal of tanks or sumps to avoid the 

present or future release of drilling fluid into 
soil and water resources 

• Disposal of water-based drilling fluids into the 
bore hole following toxicity assessment. 

• Mud Waste Management and saw dust 
(GDE.PTH/HSE/SOP.034) 

 

5A(H) 

Non-
Hazardous 
Waste 

Contamination of waste to the 
environment 
 
Location: 
Unit 2: Well production1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 7B, 7C, 
9, 9A, 9B, Gathering System, 
Power Plant. 
 

2C (H) • Treatment / disposal of contents as a non-
hazardous waste depending on its 
characteristics 

• Provide Backfill 

2B (L) 

13. Noise 
Noise 
Pollution 

Sounds that made by concrete 
mixers, cranes, excavation 
equipment, and 
transportation of equipment 
that potentially raise 

2D(H) • Planning activities in consultation with local 
communities so that activities with the 
greatest potential to generate noise are 
planned during periods of the day that will 
result in least disturbance 

2C (M) 



complaints from nearby 
community leading to 
shutdowns or constraints on 
operation times. 
 
Location: 
Unit 2: Well production1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 7B, 7C, 
9, 9A, 9B, Gathering System, 
Power Plant. 
 

14. Use of Natural Resources 
Water The mobilization and 

transport of soil particles may, 
in turn, result in 
sedimentation or surface 
drainage networks, which may 
result in impacts to the quality 
of natural water systems and 
ultimately the biological 
systems that use these waters. 
 
Location: 
Unit 2: Well production1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 7B, 7C, 
9, 9A, 9B, Gathering System, 
Power Plant. 
 

3B(M) • Reinjection (disposal) of water is to designed 
location. 

• Selection of chemicals according to 
international standards 

3A (L) 

15. Security Related Hazards 
Intruders Sabotage causing fire or loss 

production potential to 
personal injury, downtime, 
damage to asset, reputation, 
and social impact  
 
Location: 
Unit 2: Well production1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 7B, 7C, 
9, 9A, 9B, Gathering System, 
Power Plant. 
 

4B(H) • Security risk assessment, 
• Security control at the site entrance and 

around the site. 
• Crew awareness 
• Disciplinary Procedures 

4B(H) 



Theft causing loss asset 
potential to  personal injury, 
downtime, damage to asset, 
reputation, and social impact  
 
Location: 
Unit 2: Well production1C, 4B, 
4C, 4D, 5A, 6A, 6B, 7A, 7B, 7C, 
9, 9A, 9B, Gathering System, 
Power Plant. 
 

4B(H) • Security risk assessment, 
• Security control at the site entrance and 

around the site. 
• Crew awareness 

4B(H) 

 

 

 



 
 
	

 

Appendix 9 
 

Format of Environmental Monitoring 
Report 

 
 

  



 
 
	

 

Environmental Monitoring Report  
 
 
 
 
 
Reporting Period {From Month, Year to Month, Year} 
Date   {Month, Year}   
 

 
 
PT Geo Dipa Energi: Geothermal Power Generation 
Project 
 
  
 
 
 
 
 
 
 
 
 
 
Prepared by PT Geo DIpa Energi for the Asian Development Bank 
 
 
This environmental safeguard monitoring report is a document of the borrower and made 
publicly available in accordance with ADB’s Access to Information Policy 2018 and the 
Safeguard Policy Statement 2009. The views expressed herein do not necessarily represent 
those of ADB’s Board of Directors, Management, or staff 
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• Brief status of environmental compliance during the coverage period 
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1.1 Brief Project Description       
1.2 Project Progress Status and Implementation Schedule 
 

2.0 Compliance to National Regulations 
 

{These are just sample environmental regulations} 
 

2.1 Ministry of Environment Decree No. KEP-48/MENLH/11/1996 on Noise Level 
Standard 

2.2 Ministry of Environment Regulation No. 19 of 2010 on Wastewater Quality 
Standards for Oil and Gas including Geothermal Business and/or Activity 

 
3.0 Compliance to Relevant Environmental Requirements from the ADB Loan 

Agreement 
 
 3.1 Schedule 5 {prepare a matrix to show how compliance was achieved} 
 
4.0 Compliance to Environmental Management Plan 
 
 {Refer to the EMP of the Project} 
 
5.0 Safeguards Monitoring Results and Unanticipated Impacts 
 
 {Refer to the Environmental Monitoring Plan and document any exceedence to 

environmental standards (if any), or any unanticipated impact not included in the EMP and 
any correction action/measures taken} 

 
6.0 Implementation of Grievance Redress Mechanism and Complaints Received from 

Stakeholders 
 
 {Summary of any complaint/grievance and the status of action taken} 
 
7.0 Conclusion and Recommendations 
 
 {Any follow-up action required to be monitored for the next submission} 

 
 


	1 Introduction
	2 References
	3 Site description
	4 Nomenclature and reference levels
	5 Acoustic criteria and Noise Sensitive Receptors (NSRs)
	6 Operating scenarios
	7 Sound sources and sound transmission paths
	7.1 General remarks
	7.2 Input data and assumptions
	7.2.1 Unit 1 power plant
	7.2.2 Unit 2 power plant
	7.2.3 Drilling equipment
	7.2.4 Well steam testing


	8 3-D acoustic calculation model – general remarks and calculation procedure
	8.1 Characteristics of acoustic sound emission
	8.2 Characteristics of noise at points-of-interest (POI)
	8.3 Sound propagation effects – meteorology
	8.4 Calculation of the noise at the POIs

	9 3-D acoustic calculation model – model set-up
	9.1 General remarks
	9.2 Co-ordinates, topography and geometry
	9.3 Sound sources

	10 Model calculations and results
	10.1 Noise at the NSRs
	10.2 Calculated sound pressure fields

	11 Assessment
	11.1 Noise monitoring data
	11.2 Acoustic criteria
	11.3 Compliance overview

	12 Uncertainty
	1 Introduction
	2 References
	3 Site description
	4 Nomenclature and reference levels
	5 Acoustic criteria and Noise Sensitive Receptors (NSRs)
	6 Operating scenarios
	7 Sound sources and sound transmission paths
	7.1 General remarks
	7.2 Input data and assumptions
	7.2.1 Unit 1 power plant
	7.2.2 Unit 2 power plant
	7.2.3 Unit 3 power plant
	7.2.4 Drilling equipment
	7.2.5 Well steam testing


	8 3-D acoustic calculation model – general remarks and calculation procedure
	8.1 Characteristics of acoustic sound emission
	8.2 Characteristics of noise at points-of-interest (POI)
	8.3 Sound propagation effects – meteorology
	8.4 Calculation of the noise at the POIs

	9 3-D acoustic calculation model – model set-up
	9.1 General remarks
	9.2 Co-ordinates, topography and geometry
	9.3 Sound sources

	10 Model calculations and results
	10.1 Noise at the NSRs
	10.2 Calculated sound pressure fields

	11 Assessment
	11.1 Noise monitoring data
	11.2 Acoustic criteria
	11.3 Compliance overview
	11.4 Remarks

	12 Uncertainty



