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ABSTRAK

Instalasi Pengolahan Air Limbah (IPAL) berperan penting dalam sistem pengendalian
pencemaran lingkungan yang diakibatkan oleh kegiatan industry. PT XYZ sebagai salah satu
industri manufaktur ban telah membangun IPAL untuk mengolah air limbah industri.
Pembangunan unit IPAL yang terbaru ini diperlukan adanya identifikasi potensi risiko
lingkungan. Hal ini disebabkan oleh adanya berbagai potensial kegagalan yang dapat
mempengaruhi kinerja pengolahan serta berisiko menyebabkan ketidakpatuhan terhadap baku
mutu lingkungan. Penelitian ini bertujuan untuk mengindentifikasi potensi, menentukan
tingkatan prioritas risiko, menganalisis akar permasalahan, serta merumuskan rekomendasi
perbaikan yang efektif. Penelitian ini menggunakan metode Failure Mode and Effect Analysis
(FMEA) untuk mengidentifikasi dan memprioritaskan risiko berdasarkan nilai Risk Priority
Number (RPN) yang diperoleh dari nilai Severity, Occurrence, dan Detection. Sctelah
mendapatkan prioritas risiko, perlu adanya analisis akar penyebab dengan menggunakan Fault
Tree Analysis (FTA). Data penelitian diperoleh dari hasil observasi lapangan, studi dokumen,
wawancara dengan supervisor IPAL, operator IPAL, dan pihak Environment, Healt, and Safety
(EHS), serta data kualitas air limbah dan operasional IPAL. Hasil penelitian menunjukan
adanya kualitas outlet [IPAL masih memiliki risiko ketidaksesuaian terhadap baku mutu
lingkungan, terutama parameter Besi (Fe), pH, BOD. Dari data wawancara ditemukan potensi
kegagalan utama yaitu aerasi tidak optimal, sedimentasi tidak efektif, filter tersumbat, fouling
membrane, kesalahan dosing bahan kimia, kerusakan pompa, kegagalan proses disinfeksi dan
overflow IPAL. Analisis FMEA mengidentifikasi risiko yang memiliki prioritas tertinggi
ditemukan pada unit aerasi, filtrasi, dan disinfeksi. Analisis akar permasalahan dari prioritas
tertinggi menggunakan FT A menunjukan bahwa penyebab utama kegagalan berasal dari faktor
teknis, operasional, dan manajerial, seperti human error, kurangnya pemeliharaan, sistem
desain yang tidak optimal, belum adanya SOP yang memadai, serta audit yang belum dilakukan

secara rutin.

Kata kunci: Instalasi Pengolahan Air Limbah (IPAL), Risiko Lingkungan, Failure Mode
and Effect Analysis (FMEA), Fault Tree Analysis (FTA), Manajemen Risiko.
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ABSTRACT

Wastewater Treatment Plants (WWTPs) play an important role in environmental pollution
control resulting from industrial activities. PT XYZ, as one of the tire manufacturing industries,
has established a WWTP to treat industrial wastewater. The construction of the latest WWTP
unit requires the identification of potential environmental risks due to various potential failure
modes that may affect treatment performance and potentially lead to non-compliance with
environmental quality standards. This study aims to identify potential risks, determine risk
priority levels, analyze root causes, and formulate effective improvement recommendations.
The Failure Mode and Effects Analysis (FMEA) method was used to identify and prioritize
risks based on the Risk Priority Number (RPN), which is determined from the Severity,
Occurrence, and Detection ratings. Following the identification of priority risks, Fault Tree
Analysis (FTA) was employed to analyze their root causes. Data were obtained through field
observations, document reviews, interviews with WWTP supervisors, WWTP operators, and
Environment, Health, and Safety (EHS) personnel, as well as wastewater quality and WWTP
operational data. The results indicate that the WWTP effluent still poses a risk of non-
compliance with environmental quality standards, particularly for iron (Fe), pH, and BOD
parameters. Interview data identified several major potential failure modes, including
inadequate aeration, ineffective sedimentation, clogged filters, membrane fouling, chemical
dosing errors, pump failures, disinfection process failures, and WWTP overflow. The FMEA
results identified the highest-priority risks in the aeration, filtration, and disinfection units. The
FTA root cause analysis of the highest-priority risks indicated that the failures were primarily
caused by technical, operational, and managerial factors, including human error, inadequate

maintenance, suboptimal system design, insufficient SOPs, and the lack of routine audits.

Keywords: Wastewater Treatment Plant (WWTP), Environmental Risk, Failure Mode
and Effect Analysis (FMEA), Fault Tree Analysis (FTA), Risk Management.
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