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Abstract  

 

Mapping of potential site for nuclear reactors in Indonesia’s coastal areas is a part of the 

national program. The coast of West Kalimantan is selected as a potential location for 

nuclear site, it needs understanding of shoreline changes. The main requirement for 

determining nuclear site location must be built in minimum abrasion and accretion. This 

study aimed to analyse the shoreline changes based on remote sensing and historical maps 

data. We used historical maps for 1945, whereas Landsat imagery for 1990, 2005, and 2020. 

These imageries are analysed to determine total suspended soilid (TSS) as the main driver. 

Shoreline changes analysed using ‘Digital Shoreline Analysis System’ (DSAS), including 

linear regression rate (LRR), net shoreline movement (NSM), End Point Rate (EPR), and 

predicted model in 2030 and 2040. Shoreline in West Kalimantan is separated into 7 (seven) 

segments. The result study shows that period 1945-1990 has a highest acretion which reach 

209.84km2. It different to 1990-2005 period, the shoreline was decreased reach 56.56km2. In 

2040, the shoreline will reduce up to 4 percent. The segment 3 (Bengkayang) is most stable 

area with a change rate of 0.0036m per year and relatively balanced in gain/loss perspective. 

TSS had correlation with the shoreline changes in 1990 and 2020. This research is expected 

as reference in coastal protection efforts for the first National Nuclear Energy’s contrcuction 

in Indonesia. 

 

Keywords: Abrasion; Accretion; Shoreline changes; West Kalimantan 
 

 

Introduction  

 

The development of nuclear power plant on West Kalimantan aims to meet national 

electricity needs, spur industrial growth, and improve community welfare, it requires spatial 

modeling to ensure location suitability and minimize damage to coastal areas [1, 2]. West 

Kalimantan is a priority for the development of the electricity industry. This region's role as 

transportation route and vital to Indonesia, which includes fishing, coastal tourism, and marine 

conservation. Environmental monitoring and provision of data related to West Kalimantan as a 
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prospective nuclear power plant site location need to be well prepared according to its 

geographical dynamic. 

Coastal environment in West Kalimantan is strongly influenced by South China Sea and 

tropical monsoon, especially on biogeophysical conditions. Changes to coastal environment 

occur due to human activities [3]. Focus for development of nuclear power plants in this region 

is shoreline changes due to abrasion and accretion. These changes happen to rapid development 

that is not accompanied by environmental protection and rehabilitation. Changes have also 

occurred in estuary of some main rivers in West Kalimantan. Without a good understanding of 

this situation, nuclear power plants can threaten coastal ecosystems [4]. Sediment is an early 

indicator in evaluating coastal environmental conditions. Material originating from rivers is one 

of the causes of sedimentation and causes shoreline changes. Sediment transport is influenced 

by tides, waves, river discharge, salinity, bathymetry, sediment origin, coastal structures, and 

shoreline changes [5]. This phenomenon often causes problems on anthropogenic structures, for 

example, deposition in ports, reservoirs, and ponds. 

Observation of shoreline changes is very important to support site selection for this first 

nuclear power plant in Indonesia. Actually, this observation can be done through field 

observations, but these activities are considered inefficient. Shoreline changes are commonly 

observed through remote sensing techniques, satellite imagery data that has been available since 

the early 1970s [6]. The use of satellite imageries, especially multispectral, are capable of 

extracting other information on coastal research, namely total suspended sediment (TSS) as the 

main factors of shoreline change [7, 8]. Knowing the spatial distribution of TSS, geodynamic 

process for shoreline changes can be better analyzed. 

Even it has high efficiency for observing shoreline changes, remote sensing imageries 

still have limitations because these data only present information in the last 50 years [9]. We 

need another source of information and it comes from historical maps that have been made by 

credible institutions. In Indonesia, historical maps generally originate from Dutch East Indies 

since beginning of the 20th century which have been continuously updated until end of World 

War II by US Army-Map Services (AMS) [10]. Shoreline changes data needs to be entered for 

analysis of potential nuclear power plant site that requires stability from abrasion and accretion 

in long period, so combining remote sensing imageries, especially from Landsat series, and 

historical maps are the right option. This study aimed to analyze the shoreline based on remote 

sensing and historical maps data, also is equipped with TSS analysis as the main driver. 

 

Expermental Part 

 

Study area 

This research is located along the coastal area of West Kalimantan, Indonesia. The 

region has hot temperatures (27.25oC), high humidity (84 percent), and high annual rainfall 

(more than 3000 mm). Administratively, the coastal area of West Kalimantan consists of two 

cities and six regencies, ie. Sambas Regency, Bengkayang Regency, Singkawang City, 

Pontianak City, Mempawah Regency, Kubu Raya Regency, Kayong Utara Regency, Ketapang 

Regency (Fig. 1). It is bordered by Sarawak (Malaysia), Java Sea, Central Kalimantan, East 

Kalimantan, North Natuna Sea (South China Sea), and Karimata Strait [11].  

To meet demand for electricity in Kalimantan, Indonesian Government has pursued 

power plant development in West Kalimantan through coal-fired power plants in Bengkayang, 

Pontianak, Ketapang, and Kayong Utara [12]. The coastal area of West Kalimantan included in 

national nuclear energy (NNE) development planning, because this region is safe from disasters 

(earthquakes, tsunamis, forest and land fires), near industrial areas, and shallow peatlands. The 

assessment of biogeophysical aspects of nuclear power plant site has been carried out since 

2014. These data are continuously updated to support the analysis process, determining the 

most feasible and safe location, including the threat of shoreline changes. 



MODELING OF SHORELINE CHANGES IN WEST KALIMANTAN USING REMOTE SENSING 

 

 

http://www.ijcs.ro 1045 

 
 

Fig. 1. Research study map 

 

Data acquitition and analysis 

Analysis unit in this study using administrative region on the level of city or regency. 

There are 8 administrative which are directly adjacent to sea. For ease of analysis, we separate 

these regions into 7 (seven) segments, where Sambas (segment 1), Singkawang (segment 2), 

Bengkayang (segment 3), Mempawah and Pontianak (segment 4), Kubu Raya (segment 5), 

Kayong Utara (segment 6), and Ketapang (segment 7). Remote sensing data and historical maps 

are used to analyze the dynamics of shoreline changes. In detail, we got data from Dutch East 

Indies Maps (1945), Landsat-7 TM (1990 and 2005), and Landsat-8 OLI (2020). Satellite 

imageries need to be corrected to produce valid information [13, 14]. 

These images require a composite band in RGB format, 432 for Landsat-7 TM and 543 

for Landsat-8 OLI) [15]. Shoreline data is obtained by visual digitizing. In addition, we need 

baseline data for shoreline change analysis with Digital Shoreline Analysis System (DSAS). 

This plug-in facilitates more detailed analysis of shoreline changes such as gain and loss, LRR 

(Linear Regression Rate), NSM (Net Shoreline Movement), EPR (End Point Rate), and forecast 

up to 10 and 20 years [2]. LRR is a linear regression of all points of intersection of shoreline 

and its segments, whereas EPR is a result of shoreline changes rate by dividing the distance 

between longest shoreline with last year's shoreline. Different from LRR and EPR, NSM 

measures the distance between longest and most recent shoreline changes [16]. 

Remote sensing techniques are also used in TSS monitoring because each object has 

different reflections. The corrected image is then processed using Parwati and Purwanto 

algorithm [17]. This algorithm uses a band that is sensitive to changes in sediment 

concentration in shallow tropical waters and has been shown to produce good accuracy when 

juxtaposed with direct measurement [2, 8]. Parwati and Purwanto algorithm can refer to the 
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following equation. Interaction between shoreline changes and TSS is known by correlation test 

using Spearman-Rank formula [18]: 
 

TSS = 0.6211 × (7.9038 × exp (23.942 × RB))0.9645 

 

where: TSS is total suspended sediment (mg/L), exp is exponensial value, and RB is red band. 

 

 
 

Fig. 2. Research framework 

 

Results and discussion 

 

Dynamic of shoreline changes 

Based on morphometry, length of the shoreline has decreased, but it is relatively stable. 

In 1945, the length was 1117.89km and it will reduce by 1073.35km (4 percent) in 2040. 

Currently, segment 7 is the longest shoreline in West Kalimantan, opposite segment 2 as the 

shortest (Table 1). Almost all periods have gain, which means that accretion is greater than 

abrasion. In 1945-1990 had highest gain up to 209.84km2. Only in 1990-2005 and 2020-2030 

show reverse conditions (Table 2). In 1990-2005, land was more loss than accretion, reaching 

56.56 km2. Shoreline stability refers to LRR, EPR, and NSM. From these results, we can find 

out the shoreline in each segment. Segment 3 is a stable area when compared to others with a 

change rate of 0.0036m/year, EPR 1.83m, additional distance of 138.15m, and the smallest 

gain/loss of 0.20km2 (Table 3 and Table 4). In the future (2030-2040), these conditions are 

relatively same as now. This happens success of conservation and rehabilitation efforts in 

coastal areas in Bengkayang through breakwaters and mangrove vegetation since end of 1993 

[19]. Breakwaters and mangrove vegetation function as guards from abrasion [20]. 

 
Table 1. Shoreline dynamics 1945-2040 

 

Shoreline 
Length (km) 

Seg. 1 Seg. 2 Seg. 3 Seg. 4 Seg. 5 Seg. 6 Seg. 7 Total 

1945 187.50 23.94 40.49 77.06 273.90 195.10 319.90 1117.89 

1990 183.20 23.33 39.04 75.91 281.80 194.10 316.00 1113.38 

2005 186.70 23.43 39.63 76.16 284.30 191.90 316.50 1118.62 

2020 186.40 22.35 40.08 77.47 278.10 190.70 319.90 1115.00 

2030 181.10 22.17 38.03 75.25 267.40 183.40 297.00 1064.35 

2040 183.40 22.07 38.19 75.69 270.60 184.60 298.50 1073.05 
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Table 2. Shoreline’s gain and loss by length 

Shoreline 
Gain and loss (km) 

Seg. 1 Seg. 2 Seg. 3 Seg. 4 Seg. 5 Seg. 6 Seg. 7 Mean 

1945-1990 -4.30 -0.61 -1.45 -1.15 7.90 -1.00 -3.90 -0.64 

1990-2005 3.50 0.10 0.59 0.25 2.50 -2.20 0.50 0.75 

2005-2020 -0.30 -1.08 0.45 1.31 -6.20 -1.20 3.40 -0.52 

2020-2030 -5.30 -0.18 -2.05 -2.22 -10.70 -7.30 -22.90 -7.24 

2030-2040 2.30 -0.10 0.16 0.44 3.20 1.20 1.50 1.24 

 
Table 3. Shoreline’s gain by area 

Shoreline 
Gain (sq. km) 

Seg. 1 Seg. 2 Seg. 3 Seg. 4 Seg. 5 Seg. 6 Seg. 7 Total 

1945-1990 51.51 4.22 1.87 26.67 120.80 44.96 97.24 347.27 

1990-2005 6.66 0.30 0.18 1.55 18.66 18.79 31.56 77.69 

2005-2020 53.02 6.69 14.60 25.36 50.52 19.91 28.02 198.12 

2020-2030 7.35 0.10 0.09 3.08 28.10 13.75 26.47 78.94 

2030-2040 9.07 0.81 0.66 4.11 16.94 7.55 10.55 49.69 

 
Table 4. Shoreline’s loss by area 

Shoreline 
Loss (sq. km) 

Seg. 1 Seg. 2 Seg. 3 Seg. 4 Seg. 5 Seg. 6 Seg. 7 Total 

1945-1990 43.80 1.83 1.68 5.31 30.67 19.80 34.34 137.43 

1990-2005 18.68 3.09 9.52 16.36 35.08 18.58 32.94 134.25 

2005-2020 3.13 0.55 0.18 0.57 9.82 8.16 34.59 57.00 

2020-2030 25.54 1.55 6.72 7.65 21.90 9.17 21.77 94.30 

2030-2040 4.17 0.28 0.46 0.93 3.65 2.16 3.38 15.05 

 
Table 5. Shoreline’s Gain and Loss by area 

Shoreline 
Gain and loss (sq. km) 

Seg. 1 Seg. 2 Seg. 3 Seg. 4 Seg. 5 Seg. 6 Seg. 7 Total 

1945-1990 7.71 2.39 0.19 21.36 90.13 25.16 62.90 209.84 
1990-2005 -12.02 -2.80 -9.34 -14.81 -16.42 0.21 -1.38 -56.56 
2005-2020 49.89 6.14 14.42 24.79 40.70 11.75 -6.57 141.12 
2020-2030 -18.19 -1.45 -6.63 -4.57 6.20 4.58 4.70 -15.36 
2030-2040 4.90 0.53 0.20 3.17 13.29 5.38 7.17 34.64 

 
Segment 5 has the most dynamic shoreline changes with an LRR value of 6.52m/year, 

EPR 7.07m, NSM 533.23 meters, and the gain/loss prediction results reaches 13.29km2 (Table 
6). If sorted according to shoreline stability, the order will be Bengkayang, North Kayong, 
Ketapang, Sambas, Singkawang, Mempawah & Pontianak, and Kubu Raya. Coastal stability is 
an important requirement in the construction of nuclear power plants because the more prone to 
gain triggering the intervention of various parties which give rise to conflict of interest. 
Likewise, with abrasion, nuclear power plants need a location that has minimal erosion to keep 
the construction of the building strong and the distance of hot water discharge from sea waters 
[21]. Efforts to observe the stability of the shoreline help reduce losses and minimize 
expenditures. For detail, please see Figure 1 to Figure 10. 
 

Table 6. LRR, EPR, NSM in West Kalimantan  

Location LRR (m/year) EPR (m) NSM (m) 

Segment 1 2.32 3.49 263.40 

Segment 2 3.20 4.32 326.19 

Segment 3 0.0036 1.83 138.15 

Segment 4 4.54 5.69 429.40 

Segment 5 6.52 7.07 533.23 

Segment 6 2.29 2.44 184.17 

Segment 7 2.95 2.76 207.65 



H. SUSIATI et al.  

 

 

INT J CONSERV SCI 13, 3, 2022: 1043-1056 1048 

 
 

Fig. 3. Shoreline changes in segment 1 

 

 
 

Fig. 4. Shoreline changes in segment 2 

 

 
 

Fig. 5. Shoreline changes in segment 3 
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Fig. 6. Shoreline changes in segment 4 

 

 

 
 

Fig. 7. Shoreline changes in segment 5 

 

 

Related to the existence of coal-fired power plants in West Kalimantan, especially in 

strategic locations such as Bengkayang, it is necessary to take ecological considerations. Based 

on previous studies, coal-fired power plant cases caused changes in environmental quality such 

as increased TSS, decreased chlorophyll-a, and increased air pollutants [22-24]. Meanwhile, a 

nuclear power plant requires a large water source to cool the reactor. This power plant is more 

environmentally friendly even though they are faced with sustainability of aquatic biota which 

may be impacted by the increase in temperature. The two types of power plants have different 

consequences, nuclear has advantages over coal in terms of energy efficiency. Currently, the 

challenge of nuclear power plant in Indonesia is people rejection. 
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Fig. 8. Shoreline changes in segment 6 

 

 
 

Fig. 9. Shoreline changes in segment 7 
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Fig. 10. Shoreline forecasting in 2030 and 2040 

 

TSS Concentration 

TSS concentrations near shoreline and estuary, generally show higher values and 

influenced by sediment supply from land carried by rivers [25] and are caused by the influence 

of the monsoon [26]. In West Kalimantan, there are large rivers that empty into the sea 

including, such as Kapuas, Melawi, Sambas, Sekayam, Pawan, Ketungau, Landak, Jelai, 

Kendawangan, and Sekadau. The highest average TSS concentration occurred in 2005 

(25.25mg/L), in 2020 the value has decreased to 15.98mg/L (Table 7 and Fig. 11). In terms of 

its spatial distribution in 1990, the highest TSS was concentrated around Sambas, Kubu Raya, 

Kayong Utara, and Katapang Selatan. In 2020, there was another change in the distribution of 

TSS. The medium to high TSS category is located on the coasts of Sambas, Kubu Raya, and 

Katapang. From 7 (seven) segments, Singkawang and Bengkayang have low TSS 

concentrations (Fig. 12). 

 
Table 7. Central Tendency of TSS 1990-2020 

Parameter 
Year 

1990 2005 2020 

Maximum 74.67 74.97 74.98 

Minimum 5.75 5.41 5.73 

Mean 20.32 25.25 15.98 

Range 68.92 69.56 69.25 

Standard deviation 11.09 14.10 12.06 
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Fig. 11. TSS histograms in West Kalimantan 

 

 
 

Fig. 12. TSS Distribution in West Kalimantan 

 

High TSS concentrations are associated with land conversion activities in upstream, 

middle, and downstream of watersheds [27]. Forest in West Kalimantan has complex trend of 

changing into production forest, oil palm plantations, mining, agricultural land, residential 

areas, and urban expansion, these resulting in environmental degradation. TSS concentration in 

2020 is decreasing on average even though maximum value than previous years. This condition 

should be focus on protection and restoration of degraded ecosystems due to the massive land-

use changes that occurred in 1970-1990 [28, 29]. 

Shoreline changes and TSS 

The dynamics of shoreline changes are linear with TSS concentrations in West 

Kalimantan, especially in 1990 and 2020. The two years have a significant positive correlation 

due to unsustainable logging and land conversion activities (Table 8).  
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Table 8. Correlation of TSS and Shoreline Changes 

 

TSS and shoreline r-value Sig. 

1990 0.18 0.01 

2005 -0.01 0.90 

2020 0.17 0.05 

 

A different happened in 2005, which was the transitional year where logging activities 

began to decrease, instead, production forest was converted into oil palm plantations [30]. In 

2020, Kalimantan overgrown with oil palm thus reinforces imbalance in morphodynamic 

process. A significant positive correlation between TSS and shoreline changes in the period 

1990 and 2020 indicates that accretion events can occur in shallow water areas that have high 

TSS concentrations. As a potential location for nuclear power plants, shoreline changes and 

waters with high TSS are certainly not feasible because they can cause operational activities to 

be suboptimal, by reducing use of water as reactor coolant [31-33]. Moreover, waters with high 

TSS levels generally have high temperatures as well, because it contains solid particles that 

cause heat propagation to be faster [8]. 

 

Conclusions 

 

The integration of remote sensing satellite imageries and historical maps is able to 

provide information for shoreline changes analysis in West Kalimantan. During 1945-2040, 

shoreline in this region underwent a dynamic change from 1117.89km to 1073.35km (reduced 

by 4 percent). This study states that period 1945-1990 has accretion reach 209.84km2. This 

phenomenon is inversely proportional to period 1990-2005, shoreline was decreased reach 

56.56km2. The most stable area is in segment 3 (Bengkayang) because annual shoreline changes 

are close to zero meters per year, although TSS concentration is also high for this area. The 

highest distribution of TSS was found near river estuaries. Uniquely, TSS only has a positive 

correlation with shoreline changes in 1990 and 2020. Coastal dynamics studies, especially 

shoreline changes and TSS were carried out in order to find suitable nuclear power plant 

locations, both in terms of its development and operation. In addition, this information can be 

used as input for stakeholders for coastal and marine conservation activities in prospective 

locations for nuclear power plants. 

 

Acknowledgments 

 

This research was funded by Indonesian Government Research and Funding Grant in 

2020, it managed by Center for Nuclear Energy System Assessment (PKSEN), BATAN. Also, 

we got partially funded by the 2021 RISTEK/BRIN-LPDP project (14/E1/III/PRN/2020) for 

field study and publication. 

 



H. SUSIATI et al.  

 

 

INT J CONSERV SCI 13, 3, 2022: 1043-1056 1054 

References 

 

[1] H. Susiati, S.B.S. Yarianto, K. Anzhar, B. Kironi, J. Mellawati, Aplikasi data 

penginderaan jauh dan SIG dalam pemilihan tapak potensial PLTN Kalimantan Barat, 

Jurnal Pengembangan Energi Nuklir, 17(2), 2015, pp. 121-132. 

[2] M.A. Widiawaty, N. Nandi, H. Murtianto, Physical and social factors of shoreline change 

in Gebang, Cirebon Regency 1915-2019, Journal of Applied Geospatial Information, 

4(1), 2020, pp. 327-334. 

[3] R.M. Moussaa, L. Foggc, F. Bertuccia, M. Calandraa, A. Collin, A. Aubanela, S. Poltia, 

A. Beneta, B. Salvata, R. Galzina, S. Planesa, D. Lecchinia, Long-term coastline 

monitoring on a coral reef island (Moorea, French Polynesia), Ocean and Coastal 

Management, 180, 2019, pp. 1-6. 

[4] J.E. Dugan, L. Airoldi, M.G. Chapman, S.J. Walker, T. Schlacher, Estuarine and coastal 

structures: environmental effects, a focus on shore and nearshore structures, Treatise on 

Estuarine and Coastal Science (editors: E. Wolanski, D. McClusky), Elsevier, 2012, pp. 

17-41.  

[5] P. Scanes, A. Ferguson, J. Potts, Estuary form and function: implications for 

palaeoecological studies, Applications of Paleoenvironmental Techniques in Estuarine 

Studies (editors: K. Weckström, K. Saunders, P. Gell, C. Skilbeck), Springer, 2017, pp. 9-

44. 

[6] M. Owe, C.M. Neale, Remote Sensing for Environmental Monitoring and Change 

Detection, IAHS Press, 2007, p. 288. 

[7] J.R. Jensen, Remote Sensing of the Environment: An Earth Resource Perspective, 

Pearson India, 2013, p. 618. 

[8] M.A. Widiawaty, N. Nurhanifah, A. Ismail, M. Dede, The impact of Cirebon coal-fired 

power plants on water quality in Mundu Bay, Cirebon Regency, Sustinere: Journal of 

Environment and Sustainability, 4(3), 2020, pp. 189-204. 

[9] S. Eskandari, A. Moradi, Mapping the land uses and analysing the landscape elements in 

south-western Iran: application of Landsat-7 fields data and landscape metrics, 

International Journal of Conservation Science, 11(2), 2020, pp. 557-564. 

[10] A. Mulyadi, M. Dede, M.A. Widiawaty, B.I. Anshari, Toponyms and flood disaster in The 

Capital Region of Jakarta, Indonesia, Proceeding the 4th International Geography 

Seminar, Universitas Pendidikan Indonesia, 2020.  

[11] Indonesian Statistical Agency, West Kalimantan in Figures. BPS Kalimantan Barat, 

2020. 

[12] M. I. Orytuasikal, Analisa efisiensi konsumsi bahan bakar dan biaya pokok produksi pada 

pembangkit sistem khatulistiwa setelah terkoneksi dengan sistem Sarawak, Jurnal Teknik 

Elektro, 1(7), 2018. 

[13] M.A. Widiawaty, Mari Mengenal Sains Informasi Geografis, Aria Mandiri Group, 2019. 

[14] T.A. Tuan, L.D. Nama, V.L. Phuonga, N.T.A. Nguyeta, P.V. Honga, N.T. Linha, D.T. 

Buib, Shoreline change detection in the southwest region of Vietnam from 1999 to 2016 

using GIS and remote sensing data, Proceeding of International Conferences on Earth 

Sciences and Sustainable Geo-Resources Development (ESASGD 2016), 2016, pp. 

137-144. 



MODELING OF SHORELINE CHANGES IN WEST KALIMANTAN USING REMOTE SENSING 

 

 

http://www.ijcs.ro 1055 

[15] S.G. Eblin, K.S. Konan, O.M.J. Mangoua, V. Nedeff, A.V. Sandu, N. Barsan, I. Sandu, 

Nitrate Pollution of Groundwater Based on GIS in the City of Daloa, West-central Cote 

d'Ivoire, Revista de Chimie, 70(7), 2019, pp. 2579-2583. 

[16] E.A. Himmelstoss, E. A., R.E. Henderson, M.G. Kratzmann, A.S. Farris, Digital 

Shoreline Analysis System (DSAS) Version 5.0 User Guide, U.S. Geological Survey, 

2020. 

[17] E. Parwati, A.D. Purwanto, Time series analysis of Total Suspended Solid (TSS) using 

Landsat data in Berau Coastal Area, Indonesia, International Journal of Remote 

Sensing and Earth Sciences, 14(1), 2017, pp. 61-70. 

[18] I. Setiawan, M. Dede, D. Sugandi, M.A. Widiawaty, Investigating urban crime pattern 

and accessibility using geographic information system in Bandung City, KnE Social 

Sciences, 3(21), pp. 535-548. 

[19] A.A. Akbar, J. Sartohadi, T.S. Djohan, S. Ritohardoyo, The role of breakwaters on the 

rehabilitation of coastal and mangrove forests in West Kalimantan, Indonesia, Ocean and 

Coastal Management, 138, 2017, pp. 50-59. 

[20] P. Sauvé, P. Bernatchez, M. Glaus, The role of the decision-making process on shoreline 

armoring: A case study in Quebec, Canada, Ocean and Coastal Management, 198, 

2020, art. 105358. 

[21] F. Huang, J. Lin, B. Zheng, Effects of thermal discharge from coastal nuclear power 

plants and thermal power plants on the thermocline characteristics in sea areas with 

different tidal dynamics, Water, 11(12), 2018, Article Number: 2577, DOI: 

10.3390/w11122577. 

[22] N.A.N. Ariffin, Natural radium isotopes in particulate and dissolved phases of seawater 

and rainwater at the west coast peninsular Malaysia caused by coal-fired power plant, 

Environment Asia, 3(2), 2010, pp. 97-108. 

[23] K.S. Baig, M. Yousaf, Coal-fired power plants: emission problems and controlling 

techniques, Journal of Earth Science & Climatic Change, 8(7), 2017. 

[24] M. Misli, A. Hiendro, D. Suryadi, Studi energy return of Invesment PLTU (Batubara) di 

Kabupaten Bengkayang, Jurnal Teknik Elektro Universitas Tanjungpura, 2(1), 2020, 

pp. 1-7. 

[25] G.S. Park, The role and distribution of total suspended solids in the macrotidal coastal 

waters of Korea, Environmental Monitoring and Assessment, 135(1), 2007, pp. 153-

162. 

[26] H. Susiati, E. Kusratmoko, A. Poniman, Pola sebaran sedimen tersuspensi melalui 

pendekatan penginderaan jauh di perairan pesisir semenanjung Muria, Jepara, Jurnal 

Teknologi Pengelolaan Limbah, 13(1), pp. 72-79. 

[27] T. Huang, & K. Lo, Effects of land use change on sediment and water yields in yang Ming 

Shan National Park, Taiwan, Environments, 2(1), 2015, pp. 32-42. 

[28] D. L. A. Gaveau, S. Sloan, E. Molidena, H. Yaen, D. Sheil, N. Abram, E. Meijaard, Four 

decades of forest persistence, clearance and logging on Borneo, PLoS ONE, 9(7), 2014, 

101654. 

[29] G. Marusic, I. Sandu, V. Vasilache, C. Filote, N. Sevcenco, M.A. Cretu, Modeling of 

Spacio-temporal Evolution of Fluoride Dispersion in "River-type" Systems, Revista de 

Chimie, 66(4), 2015, pp. 503-506.  



H. SUSIATI et al.  

 

 

INT J CONSERV SCI 13, 3, 2022: 1043-1056 1056 

[30] P.G. Siregar, J. Supriatna, R.H. Koestoer, D. Harmantyo, D. System dynamics modeling of 

land use change in West Kalimantan, Indonesia, Biotropia, 25(2), 2018, pp. 103-111. 

[31] N. Arefiev, M. Mikhalev, D. Zotov, K. Zotov, N. Vatin, O. Nikonova, A. Rechinsky, 

Physical modeling of suspended sediment deposition in marine intakes of nuclear power 

plants, Procedia Engineering, 117(1), 2015, pp. 32-38. 

[32] H. Susiati, M. Dede, M.A. Widiawaty, R. Risko, P.M. Udiyani, TSS in West Kalimantan 

based on remote sensing data: A preliminary study for siting nuclear power plant, AIP 

Conference Proceedings, 2501(1), 2022, art. 020005. 

[33] H. Susiati, M. Dede, M.A. Widiawaty, A. Ismail, P.M. Udiyani, Site suitability-based 

spatial-weighted multicriteria analysis for nuclear power plants in Indonesia, Heliyon, 

8(3), 2022, art. e09088. 
______________________________________ 

 

Received: Octomber 02, 2021 

Accepted: August 24, 2022 


