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ABSTRAK 

 

Pengembangan Molten Salt Reactor (MSR) sebagai salah satu teknologi reaktor 

Generasi IV menawarkan keunggulan keselamatan dan efisiensi dibandingkan 

reaktor berbasis air. Namun, karakteristik operasional MSR yang melibatkan bahan 

bakar garam cair, sistem keselamatan pasif, dan produk samping radioaktif 

memerlukan penguatan sistem manajemen yang belum sepenuhnya terakomodasi 

dalam regulasi nasional. Penelitian ini bertujuan mengidentifikasi gap teknologi 

operasional MSR berdasarkan IAEA Safety Reports Series (SRS) No. 123, 

memetakannya terhadap elemen Sistem Manajemen Terintegrasi dalam 

PerBAPETEN Nomor 6 Tahun 2023, serta menentukan prioritas risiko dan usulan 

mitigasinya menggunakan metode Failure Mode and Effects Analysis (FMEA). 

Penelitian menggunakan pendekatan kualitatif-deskriptif yang dipadukan dengan 

analisis semi-kuantitatif. Identifikasi gap dilakukan melalui compliance mapping 

antara persyaratan keselamatan operasional MSR dan ketentuan sistem manajemen 

yang berlaku, kemudian dilanjutkan dengan penilaian risiko berbasis expert 

judgment oleh empat pakar melalui dua putaran FMEA. Hasil penelitian 

mengidentifikasi sepuluh gap utama keselamatan operasional MSR. Hasil FMEA 

Putaran I menunjukkan delapan gap berada pada kategori kritis dan dua gap berada 

pada kategori tinggi. Setelah penerapan usulan mitigasi dan penilaian ulang pada 

Putaran II, seluruh gap mengalami penurunan tingkat risiko, dengan enam gap 

berada pada kategori rendah dan empat gap berada pada kategori sedang. Nilai Risk 

Priority Number (RPN) mengalami penurunan sebesar 75,56% hingga 91,48%. 

Berdasarkan hasil tersebut, penelitian menghasilkan kerangka penguatan sistem 

manajemen keselamatan operasional MSR yang mengintegrasikan kebutuhan 

pengendalian teknis khas MSR ke dalam elemen sistem manajemen keselamatan. 

 

 

Kata kunci:  Molten Salt Reactor (MSR), sistem manajemen keselamatan, IAEA 

SRS No. 123, PerBAPETEN Nomor 6 Tahun 2023, Failure Mode 

and Effects Analysis (FMEA). 
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ABSTRACT 

 

Molten Salt Reactor (MSR) technology offers significant safety and efficiency 

advantages compared with conventional water-cooled reactors. However, its 

unique operational characteristics, including liquid fuel salt, passive safety 

systems, and radioactive by-product management, require management system 

provisions that are not yet fully addressed in existing national regulations. This 

study aims to identify MSR operational safety gaps based on IAEA Safety Reports 

Series (SRS) No. 123, map these gaps to the Integrated Management System 

elements specified in BAPETEN Regulation No. 6 of 2023, and evaluate their risk 

priorities using the Failure Mode and Effects Analysis (FMEA) method. A 

qualitative-descriptive approach combined with semi-quantitative analysis was 

applied. Gap identification was conducted through compliance mapping, followed 

by a two-round FMEA assessment involving four experts from regulatory, 

academic, technical, and safety engineering backgrounds. The study identified ten 

major operational safety gaps related to MSR implementation. The first-round 

FMEA classified eight gaps as critical and two as high risk. After the proposed 

mitigation measures were incorporated and reassessed in the second round, all 

gaps showed reduced risk levels, with six categorized as low risk and four as 

medium risk. The Risk Priority Number (RPN) decreased by 75.56%–91.48%, 

indicating the effectiveness of the proposed mitigation measures. Based on these 

findings, a framework for strengthening the MSR operational safety management 

system was developed by integrating MSR-specific safety requirements into existing 

management system elements. 

 

 

Keywords:  Molten Salt Reactor (MSR), safety management system, IAEA SRS 

No. 123, BAPETEN Regulation No. 6 of 2023, Failure Mode and 

Effects Analysis (FMEA). 
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