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The SFS-Wetland model used is the wastewater treatment tank belonging to
Pertamina Geothermal Lahendong. Based on the slope of the existing land, it
is possible to design twin gravity wetlands of a certain size. This study aimed
to develop a Surface Flow System Constructed Wetland design model using
Monocaria vaginalis, Salvania molesta and Colocasia esculenta, analyze
stakeholder perceptions of the SFS-Wetland Model, and refine this model
based on stakeholder perceptions. Stakeholders' perception of the SFS-
Wetland model based on a priority scale is that the geothermal waste
management system is acceptable and accountable from an environmental
perspective, waste management is socially and culturally acceptable,
accountable and economically feasible. The components of the SFS-Wetland
Model that must be improved are land availability, utilization of other local
plant potentials, final geothermal wastewater temperature ranging from 33-
350C, ease of operation/maintenance, and low and environmentally friendly
operational costs. The SFS-Wetland model suggested by stakeholders to
improve is the existing SFS-Wetland model by taking into account the
stakeholders' perceptions of the components that must be improved, namely
the expansion of land for wetland ponds as much as 2x8 = 16 pool plots with
a size of 35x60m = 33600 M2. Development of the potential utilization of
other aquatic plants which are located around the location. The required
temperature is 250C for plants to grow, ease of operation/maintenance (same
aspects/supporting infrastructure that must be facilitated).
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1 Introduction

The Lahendong Geothermal Power Plant (PLTP) is one of the developing geothermal energy management areas. At
Pertamina Geothermal Energy (PGE) Lahendang Area, the disposal of waste water remaining from geothermal fluids
from PLTP has the potential to contain arsenic which pollutes the environment and human health. Arsenic in this
wastewater has the potential to be generated from the stages of exploitation, operation, production, separation and
condensation. The dynamics of arsenic in wastewater from PGE Lahendong Area's fluid which was monitored in the
January-June period is known to fluctuate. The measured value for arsenic at monitoring points Cluster 4 and Cluster
7 was below the quality standard, while Cluster 5, Cluster 13, and Cluster 24 fluctuated above the set value (PGE
Area Lahendong, 2012). Wastewater from Cluster LHD-24 is pumped to Cluster LHD-13, then pumped to the
reinjection wells Cluster LHD-25 and Cluster LHD-7, but some is still wasted into the ambient environment
(Fridleifsson, 2001; Rybach, 2003).

Disposal of PGE Lahendong waste water into the Kelong Watershed (DAS) into ambient water bodies from
Cluster Lhd-5 has caused damage to the rice fields around Lake Linow since 2010 until now the rice fields cannot be
processed, even though the farmers have received compensation. It is suspected that this pollution case could also
endanger the ecosystem of Lake Linow in Lahendong Village, Tomohon City, because the Kelong watershed passes
through Lake Linow. Disposal of PGE Lahendong waste water in Cluster Lhd-13 since 2006 has been dumped into
the Maesem Watershed and used by the Leilem village community, Minahasa Regency for purposes; fisheries,
livestock and washing needs. During the dry season, the waste water can seep into people's wells and pose a threat to
human health. Water pollution by various substances caused by mining activities has now been reported in various
areas and is known to pose a threat to the environment and human health. One of the harmful substances to human
health produced from geothermal energy is arsenic (Prasasti et al., 2006). With the increasing exploitation of new
energy from geothermal energy, the potential for arsenic as an environmental pollutant and endangering human
health is known to be very large. Reksohadiprodjo & Brodjonegoro (2000), stated the need to make efforts to avoid
hazardous waste disposal while tackling waste disposal or mitigation measures that have already entered the
environment by utilizing existing technology (Bindu et al., 2010; Yanuwiadi & Polii, 2013).

To overcome the problems mentioned above, the application of wetland technology can be used as an alternative
to geothermal wastewater management which contains arsenic which is relatively cheap, efficient and
environmentally friendly. Wetland construction is an artificial wetland system surface runoff which is a wastewater
management process that imitates the water purification process that occurs in wetlands, where the hydrophytes that
grow in the area play an important role in the natural recovery process of wastewater quality (Supradata, 2005).
Furthermore, according to Hammer (2014), the wastewater treatment system of the wetland system is defined as a
treatment system that includes the main factors, namely: (a) an area that is inundated with water and supports the life
of aquatic plants such as hydrophytes. (b) the growing medium is soil that is always flooded with water (wet). (c) the
media can also be not soil, but media saturated with water. Wetland construction wastewater treatment can be
defined as man-made, specially engineered paddy fields designed for the purpose of treating wastewater by
optimizing physical, chemical, and biological processes occurring in a natural wetland ecosystem. Wetland
construction can provide an economic value for waste, in place of effective and aesthetic waste management, (El-
Khateeb & El-Bahrawy, 2013). Euis Nurul & Wahyu (2010), said that the wastewater treatment process with wetland
construction technology can occur through chemical, physical, and biological processes which are interactions
between microorganisms. Wetland construction is divided into two types, namely constructed wetland - emergent
plants and floating plants. The characteristics of constructed wetlands - emergent plants are that they have a very
shallow depth, in the range of 0.1 — 0.6 meters. While the constructed wetland floating plants can reach a depth of
0.5 — 1.8 meters. Based on the average climatic conditions in Indonesia, which have the potential to support plant
growth and transpiration throughout the year, the treatment of waste water containing hazardous toxic materials (B3)
is a pollutant. Using the SSF-Wetlands construction system, it is predicted that it will run optimally. In addition, the
low cost of construction and operational costs is one of the determining factors for the success of wastewater
treatment efforts in a sustainable manner (Supradata, 2005). This study aims to (1) develop a Surface Flow System
Constructed Wetland - SFS-Wetland design model with monocaria vaginalis, salvania molesta and colocasia
esculenta plants, (2) analyze stakeholder perceptions of the SFS-Wetland Model and (3) refine the SFS-Wetland
Model based on stakeholder perceptions (Zott & Amit, 2010; Duda et al., 1981).
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2 Materials and Methods

This research is related to the AHP method, starting from collecting data to analyzing it by capturing stakeholder
perceptions through a series of presentations or socialization activities, and stakeholder interviews with a list of
questions compiled according to the AHP method. Strategic issues in geothermal waste water management are
obtained from the results of identifying problems and then making a matrix using the SWOT method. The AHP
method was applied in formulating the improvement of the geothermal management model so that the application of
priority targets by weighting can be carried out. In other words, the use of the weighted value of the results of the
AHP analysis can make the criteria and alternatives that are of higher priority have a greater chance of being selected
than the criteria and alternatives that are of lower priority. The criteria are the goal of the geothermal wastewater
management model with the wetland system, while the alternative is to minimize the occurrence of environmental
pollution and human health pollution (Pandey et al., 2015; Susarla et al., 2002).

3 Results and Discussions

The results of the preparation of the wetland design model were obtained by adapting or implementing the wetland
design model with a wastewater management tank belonging to Pertamina Geothermal Lahendong. Based on
topography and soil contours, it is possible to design twin gravity wetlands according to the size of the pond is 35 m
x 65 m. The results of the analysis of stakeholder responses to the wetland system were taken by conducting a series
of presentations, socializing the results of previous research, and question and answer forums as well as distributing
questionnaires to respondents according to their respective positions and main tasks (He & Jiang, 2008; Sonune &
Ghate, 2004).

Description of SFS-Wetland Model

Wetland design or the use of wetlands for the cleaning process of heavy metals or hazardous compounds becomes
harmless. The runoff system is designed to simulate natural wetlands, with water flowing across the ground surface
in shallow puddles (Tchobanoglus et al., 2003). The cost basis is much lower than for competing concrete and steel
technologies, by a factor. The pond is filled with coral media 5 mm to 10 mm in diameter. 80 cm high/thick. Planted
with aquatic plants mixed with several different types of coral. Spaced quite tightly, by perforating a layer of coral
media as deep as 40 cm for plant stands. Wastewater is drained as thick as 70 cm by adjusting the level (height) of
the outlet which allows the media to always be inundated 10 cm below the coral surface. The design of the pond area
is based on the BOD load that enters each days divided by the loading rate in general, North America = 32.10 kg
BOD/Ha per day. For the tropics, it is approx. = 40 kg BOD/Ha per day (Tchobanoglus et al., 2003). According to
Rani et al. (2011), designing the SFS-Wetland model is important at this stage of the implementation process. Due to
the nature of the wetlands themselves, mistakes made in the early stages of construction will be fatal and very
expensive to repair (Zedler, 2000; Woodward & Wui, 2001).

Standard Operating Procedure used is geothermal wastewater management with wetland system and its treatment.
Regulation of the Minister of Environment Nu. 19 of 2010 concerning geothermal activities stipulates the quality
standard for arsenic content of 0.5 mg/L and PerMenLH Nu. 82 of 2001 concerning water quality management and
water pollution control stipulates that the quality standard for arsenic content is 0.05 mg/L; the implementers must
have a wastewater management flow, must use personal protective equipment (PPE), must evaluate and report on
activity results at all times. Wetland construction also facilitates the deposition of particles so as to reduce the
toxicity of pollutants which are then deposited on the sediment surface. The oxidation-reduction process will then
allow the pollutant to be adsorbed by the soil, microbial populations and plants contained in the wetland construction
(Reddy & DeLaune, 2008). According to Fujita & Mori (2005), the wetland construction is designed to reduce the
concentration of suspended solids, biochemical oxygen demand, nitrogen, phosphorus, and coliform bacteria up to
8%. Wetland construction model and scalability function are very effective for waste treatment (Calderero et al.,
2018; Simpen et al., 2018).
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Layout Cluster LHD-13

Figure 1. Lahendong PGE Area Wastewater Management Lay Out in Cluster LHD-13

Stakeholder Perception

The stakeholders are environmental experts who come from BLH Tomohon City and BLH Minahasa Regency
according to its position and main tasks and functions. Perceptual data is needed to support the results of research on
geothermal wastewater management with a wetland system, as well as for the completeness of the data collected as
validation of the geothermal waste management model. The hierarchical arrangement for the wetland design consists
of six levels; the first level is the main goal (Goal), namely the selection of prevention of pollution from geothermal
wastewater management in the wetland system. The second level is the level I criteria. There are three kinds of level
I criteria (Level of Objectives), namely phytotechnology (phytoremediation), economics and the environment. Each
criterion consists of level II criteria (Factor Level). Level II criteria occupy the third level, where the criteria for
phytotechnology consist of water hyacinth, pistia and water taro; The economic criteria are expensive and cheap;
Environmental criteria consists of ecosystems, human health and environmental sustainability. Level III criteria
(Actor Level) are PGE Lahendong, BLH Regional Government and the surrounding community. Level IV criteria
(Alternative Level) occupies the fifth level, each level III criteria consists of minimizing waste water, reusing
wastewater and improving WWTP performance. The sixth level is occupied by alternative prevention options,
namely prevention of environment pollution and human health pollution (Hossain et al., 2005; Mulyono &
Keputusan, 1996).

N ater Massgement
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Figure 2. Hierarchical structure for the refinement of the SFS-Wetland Model

Respondents BLH Tomohon City

This research was conducted by involving 5 respondents who are experts in their fields related to preventing
pollution of geothermal wastewater management in the wetland system and 5 people from BLH Tomohon City,
North Sulawesi Province (Rangkuti, 1998; Saaty, 1994).
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Table 1
Respondents' Data by Position and Main Tasks

No Position

1 Head of the Tomohon City Environment Agency

2 Secretary of the Tomohon City Environment Agency

3 Head of Environmental Management and Environmental Impact Analysis
4 Head of Environmental Damage Control and Recovery Bidang

5 Head of Environmental Law Enforcement and Communication

AHP analysis of respondents used the weight of the criteria in determining the priority of preventing pollution from
geothermal wastewater management in the wetland system. From the results of the AHP analysis, the results are
based on level I criteria, the economic criteria have the largest weight, namely 44.3%. The second position is
occupied by phytotechnology criteria with a weight of 37.2%. The environmental criteria have the smallest weight,
which is 18.4%. Judging from the Level II Criteria for Phytotechnology Sub-criteria, the pistia criteria have the
largest weight, which is 39.1%. The second position is occupied by the water hyacinth criteria with a weight of
35.1%. The criteria for water taro have the smallest weight, which is 25.9%. Judging from the Level II Criteria of
Economic Sub-criteria, the cheap criterion has the largest weight, which is 65.4%. The expensive criterion has the
smallest weight, which is 34.6%. Judging from the Criteria level II for Environmental Criteria, the ecosystem criteria
has the largest weight, namely 47.7%. The second position is occupied by environmental sustainability criteria with a
weight of 30%. Human health criteria have the smallest weight, which is 22.3% (McCutcheon et al., 2003; Smith et
al., 1998; Willey, 2007).

Table 2
Priority of Level IV Criteria (Alternative Level)

Alternative

Level IV Criteria Environmental Pollution Prevention of Human Health
Prevention Pollution

Wastewater Minimization 0.641 0.359

Wastewater Reuse 0.596 0.404

Improving the Performance of 0392 0608

Wastewater Treatment Plants

From Table 2, it can be seen that based on the minimization of waste water and reuse of wastewater, alternative
prevention of environmental pollution is an alternative priority for preventing pollution of geothermal wastewater
management in the wetland system with priority values of 64.1% and 59.6%, respectively. In terms of improving the
performance of WWTPs, the alternative of preventing human health pollution is an alternative priority for preventing
pollution of geothermal wastewater management in the wetland system with a priority of 60.8% (Bindu et al., 2010;
Yanuwiadi & Polii, 2013).

Table 3
Priority Criteria Level III (Actor Level)

Alternative

Level III Criteria Environmental Pollution Prevention of Human Health
Prevention Pollution

PGE Area Lahendong 0.580 0.420

Local Government Environment Agency  0.527 0.473

Local communities 0.489 0.511

From Table 3, it can be seen that in terms of the Lahendong Area PGE and the BLH local government, alternative
environmental pollution prevention becomes an alternative priority for preventing pollution of geothermal
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wastewater management in the wetland system with priority values of 58% and 52.7%, respectively. Judging from
the surrounding community, the alternative to preventing environmental pollution is an alternative priority for
preventing pollution from geothermal wastewater management in the wetland system with a priority of 51.1%.

Table 4
Priority of Level II Criteria (Factor Level)

Alternative
Level II Criteria Environmental Pollution Prevention of Human Health
Prevention Pollution
Monocharia Vaginalis 0.529 0.471
Salvania Molesta 0.512 0.488
Colocasia Esculenta (L.) 0.467 0.533
Expensive 0.507 0.493
Inexpensive 0.482 0.518
Ecosystem 0.532 0.468
Human Health 0.510 0.490
Enviroment Sustainability 0.505 0.495

From Table 4, it can be seen that in terms of water hyacinth and pistia, alternative prevention of environmental
pollution is an alternative priority for preventing pollution of geothermal wastewater management in the wetland
system with priority values of 52.9% and 51.2%, respectively. In terms of water taro, the alternative of preventing
human health pollution is an alternative priority for preventing pollution of geothermal wastewater management in
the wetland system with a priority of 53.3%. Judging from the expensive criteria, the alternative for preventing
human environmental pollution is an alternative priority for preventing pollution from geothermal wastewater
management in the wetland system with a priority of 50.7%. In terms of cheap economics, alternative prevention of
human health pollution is an alternative priority for preventing pollution from geothermal wastewater management
with a priority of 51.8%. In terms of ecosystems, human health and environmental sustainability, alternative
prevention of environmental pollution is an alternative priority for prevention for pollution of geothermal wastewater
management with wetland systems with priorities of 53.2%, 51% and 50.5% respectively.

Table 5
Priority of Level I Criteria (Level of Goal)

Alternative
Level I Criteria Environmental Pollution Prevention Prevention of Human Health
Pollution
Phytotechnology
(Phytoremediation) 0.506 0.494
Economy 0.491 0.509
Enviroment 0.491 0.509

From Table 5 it can be seen that in terms of Phytotechnology (Phytoremediation), alternative prevention of
environmental pollution is an alternative priority for preventing pollution of geothermal wastewater management in
the wetland system with a priority value of 50.6%. From an economic and environmental point of view, the
alternative for preventing human health pollution is an alternative priority for preventing pollution from geothermal
wastewater management in the wetland system with a second priority of 50.9%.
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Table 6
Main Priority

Alternative
Goal Environmental Pollution Environmental Pollution
Prevention Prevention
Wetland System Geothermal 0,502 0.498

Wastewater Management

From Table 6, it can be seen that overall, alternative prevention of environmental pollution is an alternative priority
for preventing pollution from geothermal wastewater management in the wetland system with a priority value of
50.2%. This means that more attention needs to be paid to preventing environmental pollution from geothermal
wastewater management in the Wetlands system in Tomohon and Minahasa compared to preventing pollution of
human health, although the proportion of importance of the two is almost the same.

Minahasa Regency BLH Respondents
This research was conducted by involving 5 respondents who are experts in their fields relating to the prevention of

pollution from geothermal wastewater management in the wetland system, 5 people from BLH Minahasa Regency,
North Sulawesi Province.

Table 7
Respondent's Data by Position and Main Duties

No Position
1 Head of the Minahasa Regency Environmental Agency
2 Secretary of the Minahasa Regency Environmental Agency
3 Head of Environmental Management and Environmental Impact Analysis
4 Head of Environmental Damage Control and Recovery Bidang
5  Head of Environmental Law Enforcement and Communication

Judging from the level I criteria, the environmental criteria have the largest weight, which is 48.6%. The second
position is occupied by phytotechnology criteria with a weight of 31.3%. The economic criteria has the smallest
weight, which is 20.2%. Judging from the level II Criteria for Phytotechnology Sub-criteria, the pistia criteria have
the largest weight, which is 89%. The second position is occupied by the water taro criteria with a weight of 9.9%.
The criteria for water hyacinth have the smallest weight, which is 1.1%. Judging from the Level II Criteria for
Economic Sub-Criteria, the cheap criterion has the largest weight, which is 90%. The expensive criterion has the
smallest weight, which is 10%. Judging from the Criteria level II for Environmental Sub-criteria, the criteria for
environmental sustainability have the greatest weight, namely 43.7%. The second position is occupied by
sustainability and ecosystems which have the same proportion of 28.2%.

Table 8
Priority Criteria Level VI (Alternative Level)

Alternative
Level VI Criteria Environmental Pollution Prevention of Human Health
Prevention Pollution
Wastewater Minimization 0.853 0.147
Wastewater Reuse 0.147 0.853
Improving the Performance of
0.853 0.147

Wastewater Treatment Plants
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From Table 8, it can be seen that based on the minimization of wastewater, alternative prevention of environmental
pollution is an alternative priority for preventing pollution of geothermal wastewater management in the wetland
system with a priority value of 85.3%. Judging from the reuse of wastewater, the alternative of preventing human
health pollution is an alternative priority for preventing pollution of geothermal wastewater management in the
wetland system with a priority of 85.3%. In terms of improving the performance of WWTPs, alternative prevention
of environmental pollution is an alternative priority for preventing pollution of geothermal wastewater management
in the wetland system with a priority of 85.3%.

Table 9
Priority Criteria Level III (Actor Level)

Alternative
Level III Criteria Environmental Pollution Environmental Pollution
Prevention Prevention
PGE Area Lahendong 0.225 0.775
Local Government Environment 0309 0.691
Agency
Local communities 0.225 0.775

From Table 9 it can be seen that in terms of PGE Lahendong Area, alternative prevention of human health pollution
is an alternative priority for preventing pollution of geothermal wastewater management in the wetland system with a
priority value of 77.5%. Viewed from the BLH Regional Government, the alternative for preventing human health
pollution is an alternative priority for preventing pollution from geothermal wastewater management in the wetland
system with a priority of 69.1%. Viewed from the surrounding community, the alternative of preventing human
health pollution is an alternative priority for preventing pollution of geothermal wastewater management in the
wetland system with a priority of 77.5%.

Table 10
Priority Criteria Level II (Factor Level)

Alternative
Level II Criteria Environmental Pollution Environmental Pollution
Prevention Prevention
Monocharia Vaginalis 0.3 0.7
Salvania Molesta 0.3 0.7
Colocasia Esculenta (L.) 0.3 0.7
Expensive 0.257 0.743
Inexpensive 0.3 0.7
Ecosystem 0.266 0.764
Human Health 0.288 0.712
Enviroment Sustainability 0.3 0.7

From Table 10, it can be seen that in terms of water hyacinth, the alternative of preventing human health pollution is
an alternative priority for preventing pollution of geothermal wastewater management in the wetland system with a
priority value of 70%. Judging from Pistia, the alternative for preventing pollution of human health is an alternative
priority for preventing pollution from geothermal wastewater management in the wetland system with a priority of
70%. In terms of water taro, the alternative of preventing human health pollution is an alternative priority for
preventing pollution of geothermal wastewater management in the wetland system with a priority of 70%. From an
expensive perspective, the alternative of preventing human health pollution is an alternative priority for preventing
pollution of geothermal wastewater management in the wetland system with a priority of 74.3%. In terms of low
cost, alternative prevention of human health pollution is an alternative priority for preventing pollution of geothermal
wastewater management in the wetland system with a priority of 70%. Judging from the ecosystem, the alternative of
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preventing human health pollution is an alternative priority for preventing pollution of geothermal wastewater
management in the wetland system with a priority of 76.4%. In terms of human health, the alternative of preventing
human health pollution is an alternative priority for preventing pollution of geothermal wastewater management in
the wetland system with a priority of 71.2%. Judging from the ecosystem, the alternative for preventing pollution of
human health is an alternative priority for preventing pollution of geothermal wastewater management in the wetland
system with a priority of 70%.

Table 11
Priority Criteria Level I (Level of Goal)

Alternative
Level I Criteria Environmental Pollution Environmental Pollution Prevention
Prevention
Phytotechnology
(Phytoremediation) 0.3 0.7
Economy 0.296 0.704
Enviroment 0.287 0.713

From Table 11, it can be seen that in terms of Phytotechnology (Phytoremediation), the alternative of preventing
human health pollution is an alternative priority for preventing pollution of geothermal wastewater management in
the wetland system with a priority value of 70%. From an economic point of view, the alternative of preventing
human health pollution is an alternative priority for preventing pollution of geothermal wastewater management in
the wetland system with a priority of 70.4%. In terms of the environment, the alternative of preventing human health
pollution is an alternative priority for preventing pollution of geothermal wastewater management in the wetland
system with a priority of 71.3%.

Table 12
Main Priority

Alternative
Goal Environmental Pollution Environmental Pollution
Prevention Prevention
Wetland System Geothermal 0293 0707

Wastewater Management

From Table 12, it can be seen that overall, alternative prevention of human health pollution is an alternative priority
for preventing pollution of geothermal wastewater management in the wetland system with a priority value of 70.7%.
This means that more attention is needed to prevent pollution of human health on the management of geothermal
wastewater in the Minahasa Regency wetland system.

AHP Result Formulation

1. Strategic issues in the management of Lahendong geothermal waste water that is discharged into ambient
water bodies so far only uses the Wastewater Treatment Plant system which has 1 unit of water disposal
without any treatment, this can endanger the environment. Therefore, we need a better model of geothermal
wastewater management SFS-Wetland system to prevent environmental pollution and pollution to human
health.

2. The aim of AHP in improving the existing SFS-Wetland Model is to assist in analyzing for the formulation of
improved geothermal wastewater management models. In other words, the use of the weighted value of the
results of the AHP analysis can make the criteria and alternatives that are of higher priority have a greater
chance of being selected than the criteria and alternatives that are of lower priority.
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. The criteria of this research are based on the geothermal wastewater management model with the wetland

system. From the results of the AHP analysis, the results are based on the criteria of utilizing phytotechnology
(phytoremediation) to improve the existing SFS-Wetland which has the largest weight, which is 39.5%. The
second position is occupied by the criteria for paying attention to environmental conditions with a weight of
32.3%. The economic value consideration criteria has the smallest weight, which is 28.2%.

Phytotechnology (phytoremediation) Sub-criteria, the sub-criteria in utilizing pistia plants has the largest
weight, which is 72.6%. The second position is occupied by the water taro sub-criteria with a weight of
19.7%. The sub-criteria for water hyacinth has the smallest weight, which is 7.6%. Judging from the Level II
Criteria for Economic Sub-criteria, the cheap criterion has the largest weight, which is 80.5%. The expensive
criterion has the smallest weight, which is 19.5%. Judging from the sub-criteria for the Environmental criteria,
the criteria for paying attention to ecosystems have the largest weight, which is 37.4%. The second position is
occupied by the criteria for preserving the environment with a weight of 37%. Human health criteria have the
smallest weight, which is 25.6%.

The actors responsible for managing geothermal wastewater are PGE Lahendong as the developer company,
the local government (BLH) as the supervisor of the implementation of regulations and the affected
surrounding communities. From the results of the AHP analysis in terms of actors; PGE Lahendong Area, as
an alternative to preventing human health pollution, is an alternative priority for preventing pollution from
geothermal wastewater management in the wetland system with a priority value of 56.9%. Judging from the
Regional Government (BLH), the alternative to preventing human health pollution is an alternative priority
for preventing pollution from geothermal wastewater management with a priority of 54.1%. Reviewing from
the surrounding community, the alternative for preventing human health pollution is an alternative priority for
preventing pollution from geothermal wastewater management in the wetland system with a priority of 54%.
Stakeholders related to the improvement of the existing SFS Wetland Model are the government (BLH) of
Tomohon City and Minahasa Regency, North Sulawesi Province, and the community around the location. It is
hoped that there will be elements of higher education as well.

Alternatives related to the improvement of the existing SFS Wetland Model which is an alternative, namely
minimizing the occurrence of environmental pollution and pollution of human health. In terms of utilizing
phytotechnology (phytoremediation), as an alternative to preventing human health pollution, it is an
alternative priority for preventing pollution from geothermal wastewater management systems with a priority
value of 54.4%. Judging from the economic value, alternative prevention of human health pollution is an
alternative priority for preventing pollution from geothermal wastewater management with a priority of
56.6%. In terms of the environment, the alternative for preventing human health pollution is an alternative
priority for preventing pollution from geothermal wastewater management in the wetland system with a
priority of 54.1%.

4 Conclusion

1.

Description of SFS Wetland Model is wetland design or use of wetlands for the process of cleaning metals
(As) or hazardous compounds into harmless. The runoff system is designed to simulate natural wetlands, with
water flowing over the ground surface in shallow puddles. This wetland model is designed with very low
operating and maintenance costs. It facilitates monitoring, maintenance of access roads and embankments,
maintenance of pretreatment.

Stakeholders' perception of the SFS-Wetland model based on a priority scale is that the geothermal waste
management system is acceptable and accountable from an environmental perspective, waste management is
socially and culturally acceptable and accountable, and economically feasible.

The components that must be repaired or considered are; land suitability allows processing of compensation,
utilizing the potential of other plants, the final geothermal wastewater temperature ranges from 33-350C, ease
of operation/maintenance, and low operating costs and environmentally friendly.

Conflict of interest statement
The author declared that he have no competing interest.

IRJEIS

Vol. 8 No. 5, September 2022, pages: 197-209



IRJEIS ISSN: 2454-2261 207

Statement of authorship
The author have a responsibility for the conception and design of the study. The author have approved the final
article.

Acknowledgments

The support from Pertamina Geothermal Energy Area Lahendong for my research is very meaningful for the
regulation of geothermal waste water management. For this reason, I also receive many thanks for the assistance, as
well as to the Tomohon City government for providing support to me in researching the process of disposing of this
water waste which can result in environmental and human health impacts. Hopefully the results of this research will
be useful in the lives of the surrounding community and other related parties.

Hariyadi, H. (2022). Wetland system for geothermal wastewater management: A case study in pertamina geothermal
energy area Lahendong, North Sulawesi. International Research Journal of Engineering, IT & Scientific Research,

8(5), 197-209. https://doi.org/10.21744/irjeis.v8n5.2181



208 ISSN: 2454-2261

References

Bindu, T., Sumi, M. M., & Ramasamy, E. V. (2010). Decontamination of water polluted by heavy metals with Taro
(Colocasia esculenta) cultured in a hydroponic NFT system. The Environmentalist, 30(1), 35-44.

Calderero, R. P. D., Panchana, M. J. C., Lectong, D. M., & Herndndez, E. H. O. (2018). Use of concrete debris: Sub-
base material for road structures. International Journal of Physical Sciences and Engineering, 2(1), 1-12.
https://doi.org/10.29332/ijpse.v2n1.71

Duda, R., Gaschnig, J., & Hart, P. (1981). Model design in the PROSPECTOR consultant system for mineral
exploration. In Readings in Artificial Intelligence (pp. 334-348). Morgan Kaufmann.
https://doi.org/10.1016/B978-0-934613-03-3.50028-3

El-Khateeb, M. A., & El-Bahrawy, A. Z. (2013). Extensive post treatment using constructed wetland. Life Science
Journal, 10(2), 560-568.

Euis Nurul, H., & Wahyu, A. (2010). Potensi dan pengaruh tanaman pada pengolahan air limbah domestik dengan
sistem constructed wetland. Envirotek: Jurnal llmiah Teknik Lingkungan, 2(2), 11-18.

Fridleifsson, I. B. (2001). Geothermal energy for the benefit of the people. Renewable and sustainable energy
reviews, 5(3), 299-312. https://doi.org/10.1016/S1364-0321(01)00002-8

Fujita, M., & Mori, T. (2005). Frontiers of the new economic geography. Papers in Regional Science, 84(3), 377-
405.

Gauss, M., & Ledent, S. (2008). Constructed wetlands: a promising wastewater treatment system for small
localities. Word Bank Office, Lima, Peru.

Hammer, D. A. (2014). Creating freshwater wetlands. CRC Press.

He, Y., & Jiang, Z. W. (2008). Technology review: Treating oilfield wastewater. Filtration & Separation, 45(5), 14-
16. https://doi.org/10.1016/S0015-1882(08)70174-5

Hossain, M. A., Kumita, M., Michigami, Y., & Mori, S. (2005). Optimization of parameters for Cr (VI) adsorption
on used black tea leaves. Adsorption, 11(5), 561-568.

McCutcheon, S. C., Medina, V. F., & Larson, S. L. (2003). Proof of phytoremediation for explosives in water and
soil. Phytoremediation: Transformation and control of contaminants, 429-480.

Mulyono, S., & Keputusan, T. P. (1996). Lembaga Penerbit Fakultas Ekonomi Universitas Indonesia.

Pandey, V. C., Pandey, D. N., & Singh, N. (2015). Sustainable phytoremediation based on naturally colonizing and
economically valuable plants. Journal of cleaner Production, 86, 37-39.
https://doi.org/10.1016/j.jclepro.2014.08.030

Peraturan Menteri Lingkungan Hidup Nomor 04 Tahun 2007 Tentang Baku Mutu Air Limbah Bagi Usaha dan/atau
Kegiatan Minyak dan Gas Serta Panas Bumi.

Peraturan Pemerintah Republik Indonesia Nomor 82 Tahun 2001 Tentang Pengelolaan Kualitas Air dan
Pengendalian Pencemaran Air.

PGE Lahendong (2012). Pemantauan Lingkungan Hidup Kegiatan PT. Pertamina Geothermal energy Area
Lahendong Periode Bulan April-Juni 2012.

PGE Lahendong. (2012). Pemantauan Lingkungan Hidup Kegiatan PT. Pertamina Geothermal energy Area
Lahendong Periode Bulan Januari-Maret 2012.

Prasasti, C. 1., Mukono, J., & Sudarmaji, S. (2006). Toksikologi logam berat B3 dan dampaknya terhadap
kesehatan. Jurnal Kesehatan Lingkungan Unair, 2(2), 3956.

Rangkuti, F. (1998). Analisis SWOT teknik membedah kasus bisnis. Gramedia Pustaka Utama.

Rani, S. H. C., Din, M., Md, F., Yusof, M., Mohd, B., & Chelliapan, S. (2011). Overview of Subsurface Constructed
Wetlands Application in Tropical Climates. Universal Journal of Environmental Research & Technology, 1(2).

Reddy, K. R., & DeLaune, R. D. (2008). Biogeochemistry of wetlands: science and applications. CRC press.

Reksohadiprodjo, S., & Brodjonegoro, A. B. P. (2000). Ekonomi Lingkungan. BPFE Yogyakarta. Edisi Kedua.
Yogyakarta.

Rybach, L. (2003). Geothermal energy: sustainability and the environment. Geothermics, 32(4-6), 463-470.
https://doi.org/10.1016/S0375-6505(03)00057-9

Saaty, T. L. (1994). Fundamentals of decision making and priority theory with the analytic hierarchy process. RWS
publications.

Simpen, 1. N., Redana, I. W., & Umratul, I. (2018). Aquifers selection based on geoelectric method data in the
framework of drilling wells: A case study on international hospital project in Nyitdah Tabanan Bali. International
Journal of Physical Sciences and Engineering, 2(2), 68—78. https://doi.org/10.29332/ijpse.v2n2.151

IRJEIS Vol. 8 No. 5, September 2022, pages: 197-209


https://doi.org/10.29332/ijpse.v2n1.71
https://doi.org/10.1016/B978-0-934613-03-3.50028-3
https://doi.org/10.1016/S1364-0321(01)00002-8
https://doi.org/10.1016/S0015-1882(08)70174-5
https://doi.org/10.1016/j.jclepro.2014.08.030
https://doi.org/10.1016/S0375-6505(03)00057-9
https://doi.org/10.29332/ijpse.v2n2.151

IRJEIS ISSN: 2454-2261 209

Smith, A. H., Goycolea, M., Haque, R., & Biggs, M. L. (1998). Marked increase in bladder and lung cancer mortality
in a region of Northern Chile due to arsenic in drinking water. American journal of epidemiology, 147(7), 660-
669.

Sonune, A., & Ghate, R. (2004). Developments in wastewater treatment methods. Desalination, 167, 55-63.
https://doi.org/10.1016/j.desal.2004.06.113

Supradata, S. (2005). Pengolahan Limbah Domestik Menggunakan Tanaman Hias Cyperus alternifolius, L. dalam
Sistem Lahan Basah Buatan Aliran Bawah Permukaan (SSF-Wetlands) (Doctoral dissertation, Program Pasca
Sarjana Universitas Diponegoro).

Susarla, S., Medina, V. F., & McCutcheon, S. C. (2002). Phytoremediation: an ecological solution to organic
chemical contamination. Ecological engineering, 18(5), 647-658. https://doi.org/10.1016/S0925-8574(02)00026-
5

Tchobanoglus, G., Burton, F., & Stensel, H. D. (2003). Wastewater engineering: treatment and reuse. American
Water Works Association. Journal, 95(5), 201.

Willey, N. (Ed.). (2007). Phytoremediation: methods and reviews (Vol. 23). Springer Science & Business Media.

Woodward, R. T., & Wui, Y. S. (2001). The economic value of wetland services: a meta-analysis. Ecological
economics, 37(2), 257-270. https://doi.org/10.1016/S0921-8009(00)00276-7

Yanuwiadi, B., & Polii, B. (2013). Phytoremediation of arsenic from geothermal power plant waste water using
Monochoria vaginalis, Salvinia molesta and Colocasia esculenta. International Journal of Biosciences (IJB), 3(6),
104-111.

Zedler, J. B. (2000). Progress in wetland restoration ecology. Trends in ecology & evolution, 15(10), 402-407.
https://doi.org/10.1016/S0169-5347(00)01959-5

Zott, C., & Amit, R. (2010). Business model design: An activity system perspective. Long range planning, 43(2-3),
216-226. https://doi.org/10.1016/j.1rp.2009.07.004

Hariyadi, H. (2022). Wetland system for geothermal wastewater management: A case study in pertamina geothermal
energy area Lahendong, North Sulawesi. International Research Journal of Engineering, IT & Scientific Research,
8(5), 197-209. https://doi.org/10.21744/irjeis.v8n5.2181


https://doi.org/10.1016/j.desal.2004.06.113
https://doi.org/10.1016/S0925-8574(02)00026-5
https://doi.org/10.1016/S0925-8574(02)00026-5
https://doi.org/10.1016/S0921-8009(00)00276-7
https://doi.org/10.1016/S0169-5347(00)01959-5
https://doi.org/10.1016/j.lrp.2009.07.004

